


LINEAR 
DATABOOK 

Voltage Regulators 

Voltage References 

Operational Amplifiers/Buffers 

InstrulTlentation Amplifiers 

Voltage Comparators 

Analog Switches 

Sample and Hold 

A to D, D toA 

Industrial Blocks: Function'al/Automotive/ 
Telecommunications/Monolithic Filters 

Audio/Radio Circuits 

TV Circuits' 

Transistor/Diode Arrays 

DIGITALKERTM Speech Synthesis 

Appendices/Physical Dimensions 
National Semiconductor Corporation 2900 Semiconductor Drive Santa Clara, California 95051 Tel: (408) 737·5000' TWX: (910) 339·9240 
National does not assume any responsibility loruseol any circuitry described, no Circuit patent licenses are Implied and National reserves the right at any time without notice to change said circuitry . 

• aUer June 6, 1982, call (408) 721-5000 

\ 



Introduction 

This new 1982 edition of. the National Semiconductor 
Linear Databook is the most comprehensive available. It 
presents approximately 2000 pages of specifications for 
our high technology linear products. Applications, de
scriptions, features and diagrams in this data book in
clude detailed sections for Voltage Regulators, Op 
Amps, Voltage Comparators, A to D, D to A Converters, 
Industrial Blocks and Audio, Radio and TV Circuits. 

The databook also features advanced telecommunica
tion devices and speech synthesis (DIGITALKER™), plus 
other non-state-of-the-art linear products offering per
formance, economy, quality and reliability. 

LIFE SUPPORT POLICY 

NATIONALCS PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR 
CORPORATION. As used herein: 

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the 
body, or (b) support or sustain life, and whose failure to 
perform, when properly used in accordance with in· 
structions for use provided in the labeling, can be rea· 
sonably expected to result in a significant injury to the 
user. 

The National Anthem®, Datachecker", Maxi·ROM® and 
TRI·STATE® are registered trademarks of National 
Semiconductor Corp. 

Abuseable™, BI·FET™, BI.FET II™, COPS™, 
DIGITALKER™, DNR™, E·Z·LlNK™, HEX3000™, ISE™, 
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2. A critical component is any component of a life support 
-device or system whose failure to perform can be rea· 
sonablyexpected to cause the failureof the life support 
device or system, or to affect its safetyor effectiveness. 

MICROBUS™, MICROWIReM, MICRO·DAC™, MST™, 
NURAM™, p2CMOS™, Positalker™, QUIKLOOK™, 
Rat™, Starlink™, Starplex™, Starplex WM, TRI·CODE™, 
TRI·POLyTM XMOSTM ZSTAR™ 883BIRETS™ 
883SIRETS™: and XPU™ are trade~arks of National 
Semiconductor Corp. 
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'-------DEVICE FAMILY 

Ordering Information 

PACKAGE 

0- Glass/Metal Dual-In-Line Package 

F - Glass/Metal Flat Pack 

H - TO-5 (TO-99, TO-l00, T0-46) 

J - Low Temperature Glass Dual-In-Line Package 

K - TO-3 (Steel) 

KC - TO-3 (Aluminum) 

N - Plastic Dual-In-Line Package 

P - TO-202 (0-40, Durawatt); also Single-In Line Package 

S - uSGS" Type Power Dual-In-Line Package 

T-TO-220 

W - Low Temperature Glass Flat-Pack 

Z -TO-92 

DEVICE NUMBER 

3,4, or 5 Digit Number Suffix Indicators: 

A - Improved Electrical Specification 

C - Commercial Temperature Range 

DEVICE FAMILY 
AD - Analog to Digital 

ADB - Analog to Digital Building Block 

AH - Analog Hybrid 

AM - Analog Monolithic 

BLX - Board Level System 

DAC - Digital to Analog Converter 

DM - Digital Monolithic 

DT - DIGITALKERTM, 

HY - Hybrids 

LF - Linear FET 

LH - Linear Hybrid 

LM - Linear Monolithic 

MF - Monolithic Filter 

MM - MOS Monolithic 

TP - Telecommunications Product 

Devices are listed in the table of contents alpha-numericallY by device family (LH, LM, LX, etc_) and then by device number_ 
With most of National's proprietary linear circuits, a 1-2-3 numbering system is employed. The 1 denotes a Military temperature 
range device (--55°C to +125°Cl. the 2 denotes an Industrial temperature range device (-25°C to +8S0C), and the 3 denotes a 
Commercial temperature range device (O°C to +70°C), i_e. LM10l/LM201/LM301. 

Exceptions to this are the LM1800 series of consumer circuits which are specified for the commercial temperature range; 
some hybrid circuits which employ a .. c .. suffix to denote the commercial temperature range; and second-source products 
which follow the original manufacturers numbering system, Le_ LM74l/LM741C or LM14l4/LM15l4_ 

Parts are generally listed in the table of contents by military part number first, Le_ LM139/LM239/LM339_ Where a separate 
data sheet exists for a different temperature range, the device will be listed separately, i_e_ LMl19/LM219 and listed separately 
LM3l9_ Where only one temperature range exists, the part will be listed in its proper order, Le_ LM340_ 
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3·TERMINAL POSITIVE VOLTAGE REGULATORS 

Output Availabla VOUT 
Current Device VOUT Tol. 

(AI (VI (±%I 

10 LM196, LM396 1.25 to 15 (Adjustablel N/A 

5 LM138, LM238 1.2 to 32 (Adjustablel N/A 
LM338 1.2 to 32 (Adjustablel N/A 

3 LM150, LM250 1.2 to 32 (Adjustablel N/A 
LM350 1.2 to 32 (Adjustable) N/A 

LMI23K, LM223K 5 6 
LM323K 5 4 

1.5 LM117, LM217 1.2 to 37 (Adjustablel N/A 
LM317 1.2 to 37 (Adjustablel N/A 

LMI17HV, LM217HV 1.2 to 57 (Adjustable) N/A 
LM317HV 1.2 to 57 (Adjustaqle) N/A 

LM109K, LM209K 5 6 
LM309K 5 4 

LM140K 5,12,15 4 

LM140AK 5,12,15 2 

LM340 5,12,15 4 

~ 
LM340A 5,12,15 2 

l> LM78XXC 5,12,15 4 

0.5 LMI17H, LM217H 1.2 to 37 (Adjustable I N/A 
LM317H 1.2 to 37 (Adjustablel N/A 

LMI17HVH, LM217HVH 1.2 to 37 (Adjustablel . N/A 

LM317HVH 1.2 to 37.(Adjustable) N/A 

LM317M 1.2 to 37 (Adjustable) N/A 

LM341 5,12,15 4 

LM7SMXX 5,12,15 4 

0.25 LM342 5,12,15 4 

0.20 LM109H, LM209H 5 6 
LM309H 5 4 

LM2930T 5,8 ±10 
LM330T 5 ±6 

0.15 LM2931 5 and Adjustable ±5 

0.10 LMI40L, LM240L 5,12.15 2 
LM317L 1 .2 to 37 (Adjustablel N/A 
LM340L 5,12,15 2 
LM78LXXA 5,12,15 4 

Note 1: Line regulation is the change in output voltage for a change in input voltage. 

Note 2: Load regulation is the change in output voltage due to a change in load current from no load to full load. 

- --

Regulation 
Line (Nota 11 Load (Nota 21 

% VOUTIVIN %VOUTIVIN 

0.005 0.1 

0.005 0.1 
0.005 0.1 

0.005 0.1 
0.005 0.1 

0.01 0.5 
am 0.5 

0.01 0.1 
am 0.1 

0.01 0.1. 
0.01 0.1 

0.004 1.0 
0.004 1.0 

0.02 0.5 . 

0.002 0.1 

0.02 0.5 

0.002 0.1 

0.03 0.5 

0.01 0.1 
0.01 0.1 

0.01 0.1 
am 0.1 

0.01 0.1 

0.02 0.5 

0.03 0.5 

0.03 0.5 

0.004 0.4 
0.004 0.4 

0.008 0.02 

0.02 0.25 
am 0.1 
0.02 0.25 
0.03 0.25 

--- -- -- -- -

VIN Ripple 
(VI Rejection 

Max (dBI 

20 74 

35 86 
35 86 

35 S6 
35 S6 

20 75 
20 75 

I 

40 80 
I 

40 80 
! 

60 SO i 

60 SO 

I 35 SO 
35 SO 

I 

35 66-80 

35 66-S0 

35 66-S0 

35 66-80 

35 66-S0 

40 SO 
40 80 

40 SO 
40 80 

40 80 

35 

35 

35 53-64 

35 SO 
35 SO 

26V 56 
26V 56 

26 SO 

35 4S-62 
40V 65 
35 4S-62 
35 45-60 

--
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Voltage 
Regulator Guide 

PACKAGE PACKAGE 
DESIGNATOR TYPE 

K 
TO-3* KC 

K STEEl HERMETIC 

T 
TD-220 

PLASTIC 

P TO·202 
PLASTIC 

H TO-5, TO·39 
HERMETIC 

Z 
TO·92 

PLASTIC 
.. _--

* All devices with TO-3 package desig
nators (K or K STEEL) are supplied 
in steel TO-3 packages unless otherwise 
designated as (All aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-J. 



3-TERMINAL NEGATIVE VOLTAGE REGULATORS 

Output Available VOUT 
Current Device VOUT Tol. 

(A) (V) (±%) 

3 LM145K,LM245K -5.0, -5.2 2 
LM345K -5.0, -5.2 4 

1.5 LM137, LM237 -1.2 to -37 (Adjustable) N/A 
LM337 -1.2 to -37 (Adjustable) N/A 

LM137HV, LM237HV -1.2 to -47 (Adjustable) N/A 
LM337HV -1.2 to -47 (Adjustable) N/A 

LM120K -5 2 
-12,-15 

LM320K -5 4 
-12,-15 

LM320T -5 4 
-12,-15 

~ 
LM79XXC -5 4 

in -12,-15 

0.5 LM137H, LM237H -1.2 to -37 (Adjustable) N/A 
LM337H -1.2 to -37 (Adjustable) N/A 

LM137HVH,LM237HVH -1.2 to -47 (Adjustable) N/A 
LM337HVH -1.2 to -47 (Adjustable) N/A 

LM337M -1.2 to -37 (Adjustable) N/A 

LM120H -5.0 2 
LM320H -5.0 4 

LM320M -5 4 
-12,-15 4 

LM79MXX -5, -12,-15 4 

0.25 LM320ML -5 4 
-12,-15 

0.20 LM120H -12 2 
LM320H -15 4 

0.10 LM320L -5 4 
-12,-15 

LM337LZ -1.2 to -37 N/A 

LM79LXXA -5,-12,-15 4 

Regulation 
Line (Note 1) Load (Note 2) 

%VOUTIVIN %VOUTIVIN 

0.008 0.6 
0.008 0.6 

0.006 0.3 
0.007 0.3 

0.006 0.3 
0.007 0.3 

0.02 0.3 

0.02 0.3 

0.02 0.3 

0.03 0.4 

0.006 0.3 
0.007 0.3 

0.006 0.3 
0.007 0.3 

0.007 0.3 

0.02 0.6 
0.02 0.6 

0.02 0.6 

0.03 0.7 

0.D1 0.5 

0.02 0.1 
0.02 0.1 

0.D1 0.5 

0.D1 0.1 

0.02 0.6 

VIN Ripple 
(V) Rejection 

Max (dB) 

20 68 
20 68 

40 77 
40 77 

50 77 
50 77 

25 64 
35 (12V) 80 
40 (15V) 75 

70 

25 64 
35 (12V) 80 
40 (15V) 75 

70 

25 64 
35 (12V. 15V) 75-80 

70 

35 66-70 

40 77 
40 77 

50 77 
50 77 

40 77 

25 64 
25 64 

25 60-64 
35 (12V, 15V) 70-80 

35 58-60 

35 50-60 

35 (12V) 70-80 
40 (15V) --
35 60-65 

I 

40 65 

35 50-55 

- --- -----
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Voltage 
Regulator Guide 

PACKAGE PACKAGE 
DESIGNATOR TYPE 

K 
TO·3* , ' KC 

HERMETIC! K STEEL 

T TO·220 
PLASTIC 

P TO·202 
PLASTIC 

H TO·S, TO·39 
HERMETIC 

Z 
TO·92 

PLASTIC 

• All devices with TO-3 package desig
nators (K or K STEEL ) are supplied 
in steel TO-3 packages unless otherwise 
designated as (AL) aluminum TO·3 
package. All KC designated devices 
are supplied in aluminum TO-3. 



Function 

Positive Programmable Voltage 
Regulator 

Negative Programmable Voltage 
Regulator 

"Features 

Internal programming resistors, 

Line 
Reg 

Load 
Reg 

lOUT 
(mA) 

adjustable current limit, 0.008% 0.055% 0:1-200 
Vour = 5, 6, 8, 10, 12, 15, 18V 

• Refers to HYbrid Products Databook, 1982 edition 
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Vour 
Toler. 

®2S"C 
(Max) 

0.5% 
1% 

0.5% 
1% 

Pari Number 

Drilt -SS"C to -2S"C to Page 
(Max) 125"C 8S"C Number 

LH0075 LH0075C 7·8 

LH0076 H0076C 7-13 
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~National 
~ Semiconductor 

Definition of Terms 
Current-Limit Sense Voltage: The voltage across the 
current limit terminals required to cause the regulator 
to current-limit with a short circuited output_ This 
voltage is used to determine the value of the external 
current-limit resistor when external booster transistors 
are used_ 

Dropout Voltage: The input-output voltage differential 
at which the circuit ceases to regulate against further 
reductions in input voltage_ 

Feedback Sense Voltage: The voltage. referred to 
ground. on the feedback terminal of the regulator while 
it is operating in regulation. 

Input Voltage Range: The range of dc input voltages 
over which the regulator 'will operate within specifica
tions. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation o~ by using pulse 
techniques such that the average chip temperature is 
not significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under 
accelerated life-test conditions at 125°C with maximum 
rated, voltages and power dissipation for 1000 hours. 

Maximum Power Dissipation: The maximum total 
device dissipation for which the regulator will operate 
within specifications. 

1-8 

Voltage Regulators 

Output-Input Voltage Differential: The voltage differ
ence between the unregulated input voltage and the 
regulated output voltage for which the regulator will 
operate within specifications. 

Output Noise Voltage: The RMS ac voltage at the 
output with constant load and no input ripple. measured 
over a specified frequency range. 

Output Voltage Range: The range of regulated output 
voltages over which the specifications apply. 

Output Voltage Scale FactOr: The output voltage 
obtained for a unit, value of resistance between the 
adjustment terminal and ground. 

Quiescent Current: That part of input current to the 
regulator that is not delivered to the load. 

Ripple Rejection: The line regulation for ac input 
signals at or above a given frequency with a specified 
value of bypass capacitor on the reference bypass 
terminal. 

Standby Current Drain: That part of the operating 
current of the regulator which does 'not contribute to 
the load current. 

Temperature Stability: The percentage change in output 
voltage for a thermal variation from room temperature 
to either temperature extreme. 

Thermal Regulation: Percentage change in output 
voltage for a given change in power dissipation over a 
specified time period. 



~National 
~ Semiconductor 

Fixed or Adjustable Voltage Regulators 

At National we see the trend moving toward the use of 
more adjustable regulators and we are broadening the 
adjustable line to satisfy this demand. 

As you browse through this Voltage Regulator section 
you will notice many changes. We've expanded the ad· 
justable regulator line and many voltage options on fixed 
regulators have been deleted. 

The fixed voltage regulators, like the 7800 and 7900 
series, resulted in customers having to stock and hold in 
inventory quantities of each voltage in order to always 
have on hand a specific device for a particular system. 
This proved to be very costly especially when production 
was stopped due to shortage of a particular voltage. 

Adjustables combine versatility, performance and relia
bility, leading to increased popularity. 

Versatility 
• Satisfy output voltage requirements from 1.2V up to 

47V 
• Simplify inventory and purchasing since a single 

device satisfies many voltage requirements 

• Allows precision application 

1-9 

Performance 
III Improves system performance by having line and load 

regulation a factor of 10 better 
• Has improved overload proteclion thus allowing 

greater output current over operating temperature 
range 

Reliability 
• Improves system reliability with each device being 

subjected to 100% thermal limit burn-in 

As more and more applications use adjustable 
regulators, we believe that they will become the most 
popular regulators in the industry. 
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~National Voltage Regulators 
~ Semiconductor 
LM104lLM204lLM304 Negative Regulator 
General Description 
The LM104 series are precision voltage regulators 
which can be programmed by a single external 
resistor to supply any voltage from 40V down to 
zero while operating from a single unregulated 
supply. They can also provide 0.01·percent regula· 
tion in circuits using a separate, floating bias 
supply, where the output voltage is limited only 
by the breakdown of external pass transistors. 
Although designed primarily as linear, series 
regulators, the circuits can be used as switching 
regulators, current regulators or in a number of 
other control applications. Typical performance 
characteristics are: 

• Subsurface zener reference 
• 1 mV regulation no load to full load 
• 0.01 %IV line regulation 
• 0.2 mV IV ripple rejection 

• 0.3% temperature stability over military tem-
perature range 

The LM104 series are complements of th!! LM100 
and LM105 positive regulators, intended for 
systems requIring regulated negative voltages 
which have a common ground with the unregu· 
lated supply. By themselves, they can deliver 
output currents to 25 mA, but external transistors 
can be added to get any desired current. The 
output voltage is set by external resistors, and 
either constant or foldback current limiting is 
made available. 
The LM104 is specified for operation over the 
_55°C to +125°C military temperature range. The 
LM204 is specified for operation over the _25°C to 
+85° C temperature range. The LM304 is specified 
for operation from O°C to +70°C. 

Schematic and Connection Diagrams 
ADJUSTMENT , r--'~---'--"""-----~~A:::-I: GROUND 

REfERENCE REfERENCE 
SUPPLY 

Typical Applications 
Operating with Separate Bias Supply 

COMPENSATION 

CI' 
U~f 

.----+---,-t--Vo"',·& 

High Current Regulator 

r--""--,----.--'" 

tw .. , ...... '" 
" " '-...... ~----V'N<-Uy 

AI4 

" 

1-10 

, .. 
"" , .. 

I REGULATED 
OUTPUT 

All 

" 7 BOOSTfR 
OUTPUT 

Metal Can Package 

~:~:f 
Note:PIn5connectedtD~se. 

TOP VIEW 

Order Number LM104H, LM204H or LM304H 
See NS Package H 1 DC 

Basic Regulator Circuit 
GO. 

C!> ..... -- V~UT • .; 

tSDlHIIT ..... llulil 

L-__ --<l_ ..... ---v,. 
Switching Regulator 
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Absolute Maximum Ratings 

Input Voltage 
Input·Output Voltage Differential 
Power Dissipation (Note 11 
Operating Temperature Range 

LM104 
LM204 
LM304 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics 

PARAMETER CONDITIONS 

Input Voltage Range 

Output Voltage Range 

Output· Input Voltage 10 = 20mA 
Dillerential (Note 3) 10 = 5mA 

Load Regulation (Note 4) O~ 10 ~20 mA 
Rsc = 15U 

Line Regulation (Note 5) VOUT ~ -5V, 
AVIN =0,1 VIN 

Ripple Rejection C,g = 10 !IF, I = 120 Hz 
V IN <-15V 
-7V? V IN ? -15V 

Output Voltage Scale Factor R23 = 2.4k 

Temperature Stability Vo ~-lV 

Output Noise Voltage 10 Hz ~ I ~ 10 kHz 
Vo ~ -5V, C,g = 0 

C,g = 10!lF 

Standby Current Drain IL=5mA. Vo=0 
Vo = -30V 
Vo = -40V 

Long Term Stability Vo ~ -lV 

LM104/LM204 

SOV 
SOV 

SOOmW 

-SSOCto 12SOC 
- 2SOC to 85°C 

-6S0C to lS0°C 
300°C 

LM104/LM204 
MIN TYP MAX 

-50 -8 

-40 -{I.015 

2.0 50 
0.5 50 

1 5 

0.056 0,1 

0,2 0,5 
0,5 1,0 

1.8 2,0 2,2 

0,3 1.0 

0,007 
15 

1.7 2,5 

3,6 5,0 

0,01 1.0 

LM304 

40V 
40V 

SOOmW 

O°C to +70°C 
-tiSoC to +lS0°C 

300°C 

LM304 
MIN TYP 

-40 

-30 

2.0 
0.5 

1 

0,056 

0,2 
0,5 

1.8 2,0 

0,3 

0,007 
15 

1.7 
3,6 

0,01 

MAX 
UNITS 

-8 V 

-{I.035 V 

40 V 
40 V 

5 mV 

0,1 % 

0.5 mVIV 
1,0 mVIV 

2,2 V/kU 

1.0 % 

% 
!IV 

2,5 mA 
5,0 mA 

mA 

1.0 % 

Note 1: The meximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100°C, 
For operating at elevated temperatures, devices in the TO·5 package must be derated based on a thermal resistance of 150Q C/W. 
junction to ambient, or 4ftC/W, junction to case. 
Note 2: These specifications apply for junction temperatures between -SS"C and lS0°C (between -2SoC and 100°C for the 
LM204 and aoc to +8SoC for the LM3041 and -for input and output voltages within the ranges given, unless otherwise specified. 
The load and line regulation specifications are for constant junction temperature. Temperature drift effects mus~ be taken into 
account separately when the unit is operating under conditions of high dissipation. 
Nota 3: When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case, 
by approximately' lV, 
Note 4: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The 
improvement factor will be roughly equal to the composite current gain of the added transistors. 
Note 5: With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between OV 
and -5V~ a de output variation, determined from the ripple rejection, must be added to find the worst-case line regulation. 

1·11 



Typical Performance Characteristics 
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Load Regulation 
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Current Limiting 
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~Nat1onal 
~ Semiconductor 

Voltage Regulators 

LM105/LM205/LM305/LM305A, LM376 Voltage Regulators 

General Description 
The LM105 series are positive voltage regulators 
similar to the LM100, except that an extra gain 
stage has been added for improved regulation. 
A redesign of the biasing circuitry removes any 
minimum load current requirement and at the 
same time reduces standby current drain, permit· 
ting higher voltage operation. They are direct, 
plug·in replacements for the LM100 in both 
linear and switching regulator circuits with output 
voltages greater than 4.5V. Important characteris· 
tics of the circuits are: 

• Output voltage adj~stable from 4.5V to 40V 

• Output currents in excess of lOA possible by 
adding external transistors 

• Load regulation better than 0.1 %, full load with 
current limiting 

• DC line regulation guaranteed at 0.03%/V 

• Ripple rejection of 0.01 %/V 

• 45 mA output current without external pass 
transistor (LM305A) 

Like the LM100, they also feature fast response to 
both load and I ine transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ability to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either an 8·lead, 
TO·5 header or a 1/4" x 1/4" metal flat package. 

The LM 1 05 is specified for operation for -55° C ::; 
T A::; +125°C, the LM205 is specified for -25°C::; 
T A ::; +85°C, and the LM305/LM305A, LM376 is 
specified for O°C::; T A ::; +70°C. 

Schematic and Connection Diagrams 
r-__ ..... ____ ...... ~-..... ,..:...U!\lR[GUlATEDLNPUT 

80051(R001'UT 

R[GUlATEODlITPUI 

'-+_+ __ --<~--'-RH[RlNt[ BYPASS 

Pin connections shown are for metal can. 

Typical Applications 
lOA Regulator with Foldback Current Limiting 

'. 

Dual-In-Line Package 

::~~:~:o: OUTPUT 

~::~~ l i . , 

REGUlAUO 
OUTPUT 

COM'Er.SATIDN 

REFiRUtC( 
anASS 

Order Number LM376N 
See NS Package NOBB 

Metal Can Package 

GROUND 

Note: Pin4connecleci to case. 
TOP VIEW 

Order Number LM105H, 
LM205H, LM305H or LM305AH 

See NS Package HOBC 

1.0A Regulator with Protective Diodes 

1·13 

'" LllRJm 

.----i ... - ...... ~ .... ---..... - ...... -VIMl,·1IV 

,,' 
UTllllGi 

112 tPrDtects.piastshDJtedi., 
:~JI{ :,:d:.IDlllsDDII",U' 

·Pr01ectsagainstinputnl .... ......... 
tProtectsapillSCOIdpIIt 
VDlbllllfIftfSIl. 



~ 

~ ..,. 

Absolute Maximum Ratings LM105 LM205 LM305 

Input Voltage 50V 50V 40V 
Input·Output Differential 40V 40V 40V 
Power Dissipation (Note 1) BOO mW BOOmW BOOmW 
Operating Temperature Range -5SoC to +125°C -2SoC to +8SoC O°C to +70°C 

Storage Temperature Range -i35°C to +150°C -6SoC to +150°C -6SoC to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 300°C :ioo°c 

~ectrical Characteristics (Note 2) 

PARAMETER CONDITIONS 
LM10S LM20S 

MIN TVP MAX MIN TVP MAX 

Input Voltage Range B.5 50 8.5 50 

Output Voltage Range 4.5 40 4.5 40 

Input-Output Voltage 3.0 30 3.0 30 

Differential 

Load Regulation RSC - lOn, TA - 2Soc 0.02 0.05 0.02 0.05 

INote 31 RSC" lon, TA" TAIMAXI 0.03 0.1 0.03 0.1 

RSC" lon, TA" TAIMINI 0.03 0.1 0.03 0.1 

0~10~12mA 0~10~12mA 

RSC" on, TA" 25°C 

RSC" on, T A" 70°C 

RSC "on, T A" o°c 

Line Regulation TA - 25°C 
O°CS;TA S;+70°C 

VIN - VOUT <;: 5V, TA" 25°C 
, 0.025 0.06 0.025 0.06 

VIN - VOUT;' 5V, TA" 25°C 0.Q15 0.03 0.Q15 0.03 

Temperature Stability TAIMINI ~TA ~TAIMAXI 0.3 1.0 0.3 1.0 

Feedback Sense Voltage 1.63 1.7 l.Bl 1.63 1.7 l.Bl 

Output Noise Voltage 10 Hz ~ f ~ 10 kHz 

CREF" 0 0.005 0.005 

CREF "O.lMF 0.002 0.002 

Standby Current Drain VIN" 30V, TA" 25°C 

VIN" 40V 

VIN" 50V 0.8 2.0 O.B 2.0 

Current Limit T A" 25°C, RSC" lOn, 225 300 375 225 300 375 

Sense Voltage VOUT" OV, INote 41 

long Term Stability 0.1 1.0 0.1 1.0 

Ripple Rejection CREF" 10MF, f" 120 Hz 0.003 0.01 0.003 0.01 

LM305A 
50V 
40V 

BOOmW 
O°C to +70°C 

-6SoC to +150°C 
300°C 

LM30S 
MIN TVP MAX 

8.S 40 

4.S 30 

3.0 30 

0.02 0.05 

0.03 0.1 

0.03 0.1 

0~10~12mA 

0.025 0.06 

0.015 0.03 

0.3 1.0 

1.63 1.7 l.Bl 

0.005 

0.002 

0.8 2.0 

225 300 375 

0.1 1.0 

0.003 0.01 

LM105/LM2051 
LM305/LM305A, LM376 

LM376 
40V 
40V 

400 mW 
O°C to +70°C 

-6SoC to +150°C 
, 300°C 

LM30SA LM376 
UNITS 

MIN TVP MAX MIN TVP MAX 

8.S SO 9.0 40 V 

4.5 40 5.0 37 V 

3.0 30 3.0 30 V 

% 
% 
% 

0.02 0.2 0.2 % 
0.03 0.4 0.5 % 
0.03 0.4 0.5 % 

0< 10<45 mA 0< 10<25 mA 

0.03 %/V 
0.1 %/V 

0.025 0.06 %/V 
0.Q15 0.03 %/V 

0.3 1.0 .% 

1.55 1.'7 l.B5 1.60 1.72 LBO V 

0.005 % 
0.002 % 

2.5 mA 

mA 

O.B 2.0 mA 

225 300 375 300 mV 

0.1 1.0 % 

0.003 0.1 %/V 

Note 1: The maximum junction temperature of the LM105 and LM305A is 1S0°C, the LM205 and LM376 is 100°C, and the LM30S is 8SoC. For operation at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 1S0°C/W junction to arT!bient, or 4SoC/W junction to case. For the epoxy dual-in-line package. derating is based on' a thermal resistance of 187°C/W junction to 
ambient. Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power averaged over a five second interval for the LM105 and LM205, and averaged over a two second 
interval for the LM305. 
Note 2: Unless otherwise specified, these specifications apply for temperatures within the operating temperature range, for input and output voltages within the range given, and for a divider impedance seen by 
the feedback terminal of 2 kn. Load and line regulation specifications are for a constant junction temperature. -Temperature drift effects must be taken into account separately when the unit is operating under 
conditions of high dissipation. 
Note 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be roug~ly equal to the composite current gain of the 
added transistors. 
Note 4: With no external pass transistor. 



Typical Performance Characteristics LM10S/LM20S/LM30S/LM30SA 
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Typical Applications (Continued) 

Linear Regulator with Foldback Current Limiting 
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~National 
~ Semiconductor 

Voltage Regulators 

LM109/LM209/LM309 5·Volt Regulator 

General De~cription 
The LM 109 series are complete 5 V regulators fabricated 
on a single silicon chip. They are designed for local 
regulation on digital logic cards, eliminating the distribu· 
tion problems associated with single·point regulation. 
The devices are available in two standard transistor 
packages. In the solid·kovar TO·5 header, it can deliver 
output currents in excess of 200 mA, if adequate heat 
sinking is provided. With the TO·3 power package, the 
available output current is greater than 1 A. 

The regulators are essentially blowout proof. Current 
limiting is included to limit the peak output current to 
a safe value. In addition, thermal shutdown is provided 
to keep the IC from overheating. If internal dissipation 
becomes too great. the regulator will shut down to 
prevent excessive heating. 

Considerable effort was expended to make these devices 
easy to use and to minimize the number of external 
components. It is not necessary to bypass the output, 
although this does improve transient response somewhat. 
Input bypassing is needed, however, if the regulator is 

Schematic Diagram 
r--""T---~----",---""'-~INPUT 

1-----~_4--+---+-DUTPUT 

4" 

04 
53V 

'--<>-~_~-""-4---"""--4--~ GROUND 

Connection Diagrams 
Metal Can Packages 

'" < OUTPUT , 
'''"'-'~~'J/ '''''' 

OUTPUT-~ /-ICASU 

.. 0 • ...---GND 

~ 

located very far from the filter capacitor of the power 
supply. Stabil ity is also achieved by methods that 
provide very good rejection of load or line transients 
as are usually seen with TTL logic. 

Although designed primarily as a fixed·voltage regulator, 
the output of the LM 1 09 series can be set to voltages 
above 5 V, as shown below. I t is also possible to use the 
circuits as the control element in precision regulators, 
taking advantage of the good current·handling capability 
and the thermal overload prot~ction. 

Features 
• Specified to be compatible, worst case, with TTL and 

DTL 

• Output current in excess of 1 A 

• I nternal thermal overload protection 

• No external components required 

Typical Appl!cation 

Fixed 5V Regulator 

*Required if regulator is located more than 4" 
from power supplY,Jilter capacitor. 

tAlthough no output capacitor is needed for stability, 
it does improve transient response. 
C2 should be used whenever long wires are used to 
connect 10 the load, or when transient response 
is critical. . 

NOTE: Pin 3 electrically connected to case. 

Adjustable Output Regulator 

INPUT 

" lOG SV"VOUT<:;Z.5V 

" 
RI 

erder Number LM109H, LH209H 
or LM309H 

See Package H03A 

Order Number LM109K STEEL. 
LM209K STEEL. LM309K STEEL 

See Package K02A 

Order Number LM309K (ALUMINUM) 
See Package KC02A 
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Absolute Maximum Ratings 
Input Voltage 
Power Dissipation 
Operating Junction Temperature Range 

LM109 
LM209 
LM309 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

35V 
Internally Limited 

-55°C to +150°C 
_25°C to +150°C 

O°C to +125°C 
-El5°C to +150°C 

300°C 

PARAMETER CONDITIONS 
LM109/LM209 

MIN TYP 

Output Voltage lj=25°C 4.7 5.05 

Line Regulation Tj =25°C, 4.0 

7V .. VIN " 25V 

Load Regulation Tj =25°C 
TO-5 Package 5mA" Iq.UT " 0.5A 15 

TO-3 Package 5mA .. lOUT" 1.5A 15 

Output Voltage 7V .. VIN .. 25V, 4.6 

5mA" lOUT" IMAX' 
P< PMAX 

Quiescent Current 7V .. VIN " 25V 5.2 

Quiescent Current Change 7V .. VIN " 25V 

5mA" lOUT" IMAX 

Output Noise Voltage TA=25°C 40 
10Hz .. f .. 100kHz 

Long Term Stability 

Ripple Rejection Tj =25°C 50 

Thermal Resistance, (Note 2) 

Junction to Case 
TO-5 Package 15 

TO-3 Package 2.5 

LM309 
UNITS 

MAX MIN TYP MAX 

5.3 4.8 5.05 5.2 V 

50 4.0 50 mV 

50 15 50 mV 

100 15 100 mV 

5.4 4.75 5.25 V 

10 5.2 10 rnA 

0.5 0.5 rnA 

0.8 0.8 rnA 

40 I'V 

10 20 mV 

50 dB 

15 °C/W 
2.5 °C/W 

Note 1: Unless otherwise specified, these specifications apply -55°C" lj" +l50°C for the LM109, -25°C" lj" +l50°C for the LM209, and 
O°C " lj" +l25°C for the LM309; VIN = 10V; and IOUT=O.lA for the TO-39 package or IOUT=O.5A for the TO-3 package. For the TO-39 package, 
IMAX=O.2A and PMAX=2.0W. Forthe TO-3 package, IMAX=1.0A and PMAX=20W. 
Note 2: Without a heat sink, the thermal resistnace of the TO-39 package is about 150°C/W, while that of the TO-3 package is approximately 
35°C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the effic.iency of the sink. 

Typical Applications (cont'd.) 
High ·Stability Regulator* 

OUTPUT 

f-------i~----------,:1r- IOV 
...... -,,:--... $ IA 

., 
2N4343 

., 
'OK 

.2 
•• D05% 

+f--t---. . , 
". 005% 

•• t 

51' 
0.2% 

-Regulation better than D.01%,load,line and temperature, can be obtained. ':' 
tDetermines zener current. May be adjusted to minimize thermal drifL 

+Solid tantalum. 

Cl' 
lo,.,F 
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Current Regulator 

INPUT 

,,0 

L.. __ .... _DUTPUT 

*Determines output current. If wirewound resistor 
is used, bypass with 0.1 pF . 



Application Hints 
a. Bypass the input of the LM109 to ground with 

;;;. 0.2 jl.F ceramic or solid tantalum capacitor if main 
filter capacitor is more than 4 inches away. 

b. Use steel package instead of aluminum if more than 
5,000 th~rmal cycles are expected. (AT;;;' 50·C) 

c. Avoid insertion of regulator into "live" socket if 
input voltage is greater than 10 V. The output will 
rise to within 2 V of the unregulated input if the 
ground pin does not make contact, possibly damaging 
the load. The LM109 may also be damaged if a large 
output capacitor is charged up, then discharged 
through the internal clamp -zener when the ground 
pin makes contact. 

d. The output clamp zener is designed to absorb tran· 
sients only. It will not clamp the output effectively 
if a failure occurs in the internal power transistor 
structure. Zener dynamic impedance is "" 4 n. Con· 
tinuous RMS current into the zener should not 
exceed 0.5 A. 

e. Paralleling of LM109s for higher output curreht is 
not recommended. Current sharing will be almost 
nonexistent, leading to a current limit mode operation 
for devices with the highest initial output voltage. 
The current limit devices may also h_eat up to the 

Crowbar Overvoltage- Protection 

+VIN 

INPUT CROWBAR 

Rl 
5n 

I--e--+VOUT 

·Zener is internal to LM109. 

thermal shutdown point ("" 175·C). Long term 
reliability cannot be guaranteed, under these con
ditions. 

f. Preventing latchoff for loads conne!;ted to negative 
voltage: 

If the output of the LM 1 09 is pulled negative by a high 
current supply so that the output pin is more than 0.5 V 
negative with respect to the ground pin, the LM 1 09 can 
latch off. This can be prevented by clamping the ground 
pin to the output pin with a germanium or SchottkY 
diode as shown. A silicon diode (lN4001) at the output 
is also needed to keep the positive output from being 
pulled too far negative. The 10n resistor will raise 
+VOUT by ""-0.05V. 

+VIN ....... .-...,r---... -+VOUT 

COM--~'---t--. 

+VIN 

I-.... ----... ~-VOUT 

OUTPUT CROWBAR 

Rl 
5n 

.... - .. --. .... -+VOUT 

"01 must be abla to withstand 7 A continuous current if fusing is not used at regulator input. LM109 bond 
wires will fuse at currents above 7 A. 

t02 is selected for surg. capability. Consideration must be given to fitter capacitor size, transformer impedance, 
and fuse blowing time. 

ttTrip point isItl7.5V. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (cont'd) 
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~National 
~ Semiconductor 

Voltage Regulators 

LM117/LM217/LM317 3·Terminal Adjustable Regulator 
General Description 
The LMl17/LM217/LM317 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 1.5A over a 1.2V to 37V output range. They are 
exceptionally easy to use and require only two external 
resistors to set the output voltage. Further, both line 
and load regulation are better than standard fixed regula
tors. Also, the LM 117 is packaged in standard transistor 
packages which are easily mounted and handled. 

In addition to higher performance than fixed regulators, 
the LMl17 series offers full overload protection 
available only in IC's. Included on the chip are current 
limit, thermal overload protection and safe area protec
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 

Features 
• Adjustable output down to 1.2V 
• Guaranteed 1.5A output current 
• Line regulation typically O.Ol%N 

• Load regUlation typically 0.1 % 
• Current limit constant with temperature 
• .100% electrical burn-in 
• Eliminates the need to stock many voltages 

• Standard 3-lead transistor package 
io 80 dB ripple rejection 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with· standard 3-terminal regulators. 

Typical Applications 

Besides replacing fixed regulators, the LM 117 is useful 
in a wide, variety of other applications. Since the regu
lator is "floating" and sees only the input-to-output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential. is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM 117 can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LMl17K, LM217K and LM317K are packaged in 
standard TO-3 transistor packages while the LMl17H, 
LM217H and LM317H are packaged in a solid Kovar 
base TO-39 transistor package. The LM 117 is rated for 
operation from -55°C to +150°C. the LM217 from 
-25°C to +150°C and the LM317 from O°C to +125°C. 
The LM317T and LM317MP, rated for operation over a 
O°C to +125°C range, are available in a TO-220 plastic 
package and a TO-202 package, respectively. 

For applications requiring greater output current in 
excess of 3A and 5A, see LM 150 series and LM 138 
series data sheets, respectively. For the negative comple
ment, see LM 137 series data sheet. 

LM117 Series Packages and Power Capability 

RATED DESIGN, 
DEVICE PACKAGE POWER LOAD 

DISSIPATION CURRENT 

LM117 TO·3 20W 1.5A 
LM217 

TO-39 2W O.5A 
LM317 
LM317T TO·220 15W 1.5A 
LM317M TO·202 7.5W O.5A 

LM317LZ TO-92 O.6W O.1A 

1.2V-25V Adjustable Regulato. Digitally Selected Outputs 5V Logic Regulator with 
Electronic Shutdown· 

LM117 

VIN ;;:::28V H"""" ..... -VOUTtt 

ez' 
1.' 

tOPtional-impr~ves transient response. 
Output capacitors in the range of 1 IlF 
to 1000 JJF of aluminum or tantalum 
electrolytic are commonly used to 
provide improved output impedance 
and rejection of transients. 

*Needed if device is far from filter 

capacitors. ( R2) 
ttVOUT = 1.25V 1 + Ai 

v'o-----I 

INPUTS 

I---..... -VO"T 

AI 
240 

*Sets maximum VOUT 
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Absolute Maximum Ratings 
Power Dissipation Internally limited 

Input-Output Voltage Differential 40V 

Operating Junction Temperature Range 

LM117 -55°C to +150°C 

LM217 -25°C to +150°C 

LM317 O°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Preconditioning 
Burn-In in Thermal Limit 100";" All Devices 

Electrical Characteristics (Note 1) 

LMI17/217 LM317 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Line Regulation TA = 25°C, 3V:S: VIN - VOUT:S: 40V 0.01 0.02 0.01 0.04 %/V 

(Note 21 

Load Regulation TA = 25°C, 10 mA:S: IOUT:S: IMAX 

VOUT:S: 5V, (Note 2). 5 15 5 25 mV 

VOUT:::: 5V, (Note 2) 0.1 0.3 0.1 0.5 % 

Thermal Regulation T A = 25°C, 20 ms Pulse 0.03 0,07 0.04 0.07 %/W 

Adjustment Pin Current 50 100 50 100 IlA 

Adjustment Pin Current Change 10mA:S:IL:S:IMAX 0.2 5 0.2 5 IlA 

3V:S: (VIWVOUTI :S:40V 

Reference Voltage 3V :S: (VIN-VOUTI:S: 40V, (Note 3) 1.20 1.25 1.30 1.20 1.25 1.30 V 

10 mA:S: IOUT:S: IMAX, P:S: PMAX 

Line Regulation 3V:S: VIN - VOUT:S: 40V, (Note 2) 0.02 0.05 0.02 0,07 %/V 

Load Regulation 10 mA:S: IOUT:S: IMAX, (Note 2) 

VOUT:S:5V 20 50 20 70 mV 

VOUT::::5V 0.3 1 0.3 1.5 % 

Temperature Stability TMIN:S: Tj:S: TMAX 1 1 % 

Minimum Load Current VIWVOUT = 40V 3.5 5 3.5 10 mA 
I 

Current Limit VIWVOUT:S: 15V 

K and T Package 1.5 2.2 1.5 2.2 A 

Hand P Package 0.5 0.8 0.5 0.8 A 

VIN-VOUT = 40V, Ti = +2So C 

K and T Package 0.30 0.4 0.15 0.4 A 

Hand P Package 0.15 0.07 0.075 0.07 A 

RMS Output Noise, % of VOUT TA=25°C, 10 Hz:S:f:S: 10kHz 0.003 0.003 % 

Ripple Rejection Ratio VOUT = 10V, f = 120 Hz 65 65 dB 

CADJ = 10llF 66 80 66 80 dB 

Long·Term Stability TA=125°C 0.3 1 0.3 1 % 

Thermal Resistance, Junction to Case H Package 12 15 12 15 °C/W 

K Package 2.3 3 2.3 3 °C/W 

T Package 4 °C/W 

P Package 12 °C/W 

Note 1: Unless otherwise specified, these specifications apply -55°C';; lj .;; +150oC for the LM117, -25°C';; lj .;; +l50oC for the LM217, and 
O°C';; lj';; +12SoC for the LM317; VIN - VOUT=5V; and IOUT=O.IA for the TO-39 and TO-202 packages and IOUT=0.5A for the TO-3 and TO-220 
packages. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-39 and TO-202, 
and 20W for the TO-3 and TO-220. IMAX is 1.5A for the TO-3 and TO-220 packages and 0.5A for the TO-39 and TO-202 packages. 

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating 
effects are covered under the specification for thermal regulation. 
Note 3: Selected devices with tightened tolerance refereNce voltage available. 
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Typical Performance Characteristics (K and T Packages) 
Output Capacitor = 0 unless otherwise noted 

Load Regulation 
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Application Hints 
In operation, the LM117 develops a nominal 1.25V 
reference voltage, VREF, between the output and 
adjustment term inal. The reference voltage is impressed 
across program resistor R 1 and, since the voltage is con· 
stant, a constant current 11 then flows through the 
output set resistor R2, giving an output voltage of 

VOUT= VREF (1 + :~) + IAOJR2 

lY1n 

FIGURE 1. 

Since the 100/lA current from the adjustment terminal 
represents an error term, the LM 117 was designed to 
minimize IAOJ and make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini· 
mum ioad current requirement. If there is insufficient 
load on the output, the output will rise. ' 

External Capacitors 

An input bypass capacitor is recommended. A 0.1/lF 
disc or 1/lF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust· 
ment or output capacitors ,are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM 117 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the" 
output voltage is increased. With a 10/lF bypass capa· 
citor 80 dB ripple rejection is obtainable at any output 
level. Increases "over 1O/lF do not appreciably i"';prove 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it 'takes about 25/lF in aluminum electro
lytic to equal 1/lF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies; 

,but some types have a large decrease in capacitance at 
frequencies arou"nd 0.5 III!Hz. For this reason, 0.01/lF 
disc may seem to work better than a 0.1/lF disc as 
a bypass. 

1-26 

Although the LM 117 is stable with no output capa
citors, like any feedback circuit, certain values' of 
external capacitance can cause excessive ringing. This 
occurs with values between 500 pF and 5000 pF. 
A 1/lF solid tantalum (or 25/lF aluminum electrolytic) 
on the output swamps this effect and insures stability. 

Load R,egulation 

The LM 117 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con
nected between the adjustment terminal and the output 
terminal (usually 240n) should be tied directly to the 
output of" the regulator rather than near the load. This 
eliminates line drops from appearing effectvely in series 
with the reference and degrading regUlation. For exam
ple, a 15V regulator with 0.05n resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.05n x I L. If the set resistor is con
nected near the load the effective line resistance will be 
0.05n (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu
lator and 240n set resistor. 

V,. 
LM117 

V,N VOUT LI-''JR'JS ~t-
AO. I RI

VOUT 

~240 
t----J 

FIGURE 2. Regulator with Line Resistance 
in Output Lead 

With the TO-3 package, it is easy to minimize the resis· 
tance from the case to the set resistor, by using two 
separate leads to the case. However, with the TO-5 
package, care should be taken to minimize the wire 
length of the output lead. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any IC regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 1O/lF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the IC. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge 'into the output of the regulator. The discharge 



Application Hints (cont'd.) 
current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of VIN. In the LMl17, this discharge path is through 
a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive 
regulators. For output capacitors of 25/lF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 

V,N 

., 
IN4002 

occurs when either the input or output is shorted. 
Internal to the LMl17 is a 50n resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 10/lF capacitance. 
Figure 3 shows an LMl17 with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 

H~""--_-V'UT L-....::r::""-..J.2 C1 
1N40D2 ~ 

Schematic Diagram 

02 

D1 protects against C1 

D2 protects against C2 

FIGURE 3. Regulator with Protection Diodes 

;---~~-----t------'------1~----~--t-------------------------------~----------~--t----VIN 

025 
3 

L-~~--~~----~--'-~~~--~--~--'-~~-O------+-----~----~--------------------'-~~---VOUT 
~---------------------------------------AOJ 
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Typical Applications (cont'd:) 

Slow Turn.()n 15V Regulator 

e, AI 
,CO 

V,. 

Adjustable Rogulator with Improved 
Ripple Rejection 

T D.'pF "--"Jt;""''''' IN4DD2 

el ,s", 

High Current Adjustable Regulator 

A3 
'N'9D5-,.. __ ... __ ..,.".,.'0,,0~ __ • 

LMI11 

tSolid tantalum 
*Oischarges Cl if output is shorted to ground 

o to 30V Regulator 

V,N_ ... "",..,.. ... -I 

+ 

tSolid tantalum 

*Minimum load current = 30 rnA 
iOptional-improves ripple rejection 

5A Constant. Voltage/Constant Current Regulator 

If.t317k 

e, 
10DpF 

A3 
D.2 
sw 

V OUTPUT 
35V ~~""""""'-IV'N "OJ ouT ......... ---.... ------II---+--... -I2v-30V 

+~ ~+ 

J "':~ 1,,""1' 

01 
tN45l 

03 
LED* 

C5 RS 
75pF 33011 R7 

220 

-&VTO'-,5V el AI 
VOLTAGE 

ADJUST 1"""' 
tSolid tantalum 
*lights in constant current mode 
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'1. 
ISV 

High Stability 10V Regulator 

LUt17 

V,N VOUT ......... -~ ..... VOUT 
"OJ lOY 

A3 
261 
1% 

AI ,. 
S% 

Power Follower 

., To.,., 
,OV-4DV 

'NPUT ...... "",..,..+-1 
AI 
10. 

LM117 

1A Current Regulator 

1.2V-20V Regulator with 
Minimum, Program Currant 

V,N 

R2 
u. 
t% 

A' 
2.4 

*Minimum load current Ii:I:I 4 ~A 



Typical Applications (cont'd.) 

High Gain Ampliflar 

LMIIJ 

RI 
10. 

'NPUT -'W",",+-I 

V· 

OUTPUT 

LM195 

R2 
2.4 

Low Cost 3A Switching Regulator 

01 
2N3J92. ________ "'1>:-='-:-r.:-:r-~-::'-... .., 

r l1 6QOp:H-

'V-35V ~f-'W",",""", 

C2 
O.Ol~F 

LM317k 

....... '\I\o~ ... +----.... -I.8V TO 32V 

01 
lN3I80 

t Solid Tantalum 

+ 

*Core-Arnold A-254168-2 60 turns 

4A Switching Regulator with Ovarload Protaction Precision Current Limiter 

RI 
30 

R2 
500 LMl17 

8_:de~""''\1\0~'''-1 
+ "--T'-.... 

CI 

R4 
2.5 

V'N ~V'N VOUT 'OUT".!!' 
LMttl ~ 

ADJ R1 R1 

I 
*0.80 S Rl S 1200 

Tracking Preregulator 

.~'OM' 
R5 
15k ""--.I",, -". -." -.., -n..~ ...... _VOUT 

R2 
110 

R, 
lOa 

+ 

1.BV TO 32V 

C4 
10M' 

V'N 

t Solid Tantalum 

*Core Arnold A-254168-2 60 turns 

r-----, 
I I. 
I TRANSFORMERS, I 
I REC!~~ERS. 

fiLTER 
CAPACITOR 

VOUT" 1.25V (I +~) 

R, ,,. 
A, 
" 

AJ 
un 

V'N 

- Short circuit current Is approximately 60~~V, or 120mA 

(compared to LM117H's 1 ampere current limit) 

- (At SOmA output only ',4 volt of drop occur. In R3 and R4l. 

Adjusting Multiple On-Card Regulators 
with Singla Control" 

I 

Vourt 

'--_+-____ ---1 __ . _____ J 

1-29 

* All outputs within ±100 mV 

tMinimum load-IO rnA 



Typical Applications (cont'd.) 
AC Voltage Regulator 

LMJ17 

120 

6Vp-p 
12Vp-p IA 

rv 480 480.~ 

12V Battery Charger 

V,N 

A2 
2.4k 

• Rs-sets output impedance of charger ZOUT = RS I, + ~R21 ) 
Use of AS allows tow charging rates with fully \ 
charged battery. 

SO,rnA Constant Current Battery Charger 

LMJl1H 

Connection Diagrams 

(TO-3 STEEL) 
Metal Can Package 

BOTTOM VIEW 

Order Number: 
LMl17K STEEL 
LM217K STEEL 
LM317K STEEL 

See Package K02A 

(TO-39) 
Metal Can Package 

~::J::TMENT 
W-OUTPUT 

CASE IS OUTPUT 

BOTTOM VIEW 

Order Number: 
LMl17H 
LM217H 
LM317H 

See Package H03A 
AOJ 
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Adjustable 4A Regulator 

0.2 

H ...... ""'IIr .. --4.5V TO 25V 

" 

" 

Current Limited 6V Charger 

V,N 
9V TOGOV 

'Sets peak current (O_SA for 1 [I) 

"The 1000 I'F is recommended to filter out 
input transients 

(TO-220) 
Plastic Package 

Your 

Order Number: 
LM317T 

See Package T03B 

rrO-202) 
Plastic Package 

o 

I J 2 

LVOUT 

FRONT VIEW 

Order Number: 
LM317MP 

See Package P03A 
Tab Formed Devices 

LM317MP TB 
See Package P03E 
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~ Semiconductor 

Voltage Regulators 

LM117HV/LM217HVILM317HV 3-Terminal 
Adjustable Regulator 

General Description 

The LMI17HV!LM217HV!LM317HV are adjustable 
3·terminal positive voltage regulators capable of supplying 
in excess of 1.5A over a 1.2V to 57V output range. They 
are exceptionally easy to use and require only two 
external resistors to set the output voltage. Further, both 
line and load regulation are better than standard fixed 
regulators. Also, the LM 117HV is packaged in standard 
transistor packages which are easily mounted and 
handled. 

In addition to higher performance than fixed regulators, 
the LM 117HV series offers full overload protection 
available only in IC's. Included on the chip are current 
limit, thermal overload protection and safe area protec· 
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 

Features 
• Adjustable output down to 1 .2V 

• Guaranteed 1.5A output current 
• Line regulation typically 0.01%/V 
'. Load regulation typically 0.1% 

• Current limit constant with temperature 

• 100% electrical burn·in 
• Eliminates the need to stock many voltages 

• Standard 3·lead transistor package 

• 80 dB ripple rejection 

Typical Applications 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3·terminal regulators. 

Besides replacing fixed regulators, the LM 117HV is 
useful in a wide variety of other applications. SillCe the 
regulator is "floating" and sees only the input·to·output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output. the LM117HV can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM117HVK STEEL, LM217HVK STEEL, and 
LM317HVK STEEL are packaged in standard TO·3 tran· 
sistor packages while the LM 117HVH, LM217HVH and 
LM317HVH are packaged in a solid Kovar base TO·39 
transistor package. The LM 117HV is rated for operation 
from _55°C to +150°C, the LM217HV from _25°C to 
+150°C and the LM317HV from O°C to +125°C. 

1.2V-45V Adjustable Regulator Digitally Selected Outputs 5V Logic Regulator with 
Electronic Shutdown-

LMI17HV 

a._"F_';+-t-VOUTtt v,.-----Iv,. VOUT~--""-VOUT 
AOJ 

tOptional-improves transient response, 
Output capacit6rs in the range of 1 IlF 
to 1000 .uF of aluminum or tantalum 
electrolytic are commonly used to 
provide improved output impedance 
and rejection of transients. . 

*Needed if device is far from filter 
capacitors. 

INPUTS 

*Sets maximum V OUT 
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., 
2.0 

VIN1V-l5V 

* Min output ~ "'.2V 

C2 
D.1,..f 

I-I-'V\,..,..- TTL 

" 



Absolute Maximum Ratings 
Power Dissipation Internally limited 

Input-Output Voltage Differential 60V 
Operating Junction Temperature Range 

LMl17HV -55°C to +150°C 

LM217HV -25°C to +150°C 
LM317HV O°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C \ 

Electrical Characteristics (Note 1) 
LMl17HV ILM217HV LM317HV 

PARAMETER CONDITIONS UNITS 
MIN TYP MAX MIN TYP MAX 

Line Regulation TA;' 25°C, 3V ~ VIN - VOUT ~60V 0.01 0.02 0.D1 0.04 %!V 
INote 2) 

Load Regulation TA = 25°C. 10 rnA ~ lOUT ~ IMAX 

VOUT ~ 5V, INote 2) 5 15 5 25 mV 

VOUT::O: 5V, INote 2) 0.1 0.3 0.1 0.5 % 

Thermal Regulation T A = 25° C, 20ms Pulse 0.03 0.07 0.04 0.07 %N! 

Adjustment Pin Current 50 100 50 100 /lA 

Adjustment Pin Current Change 10mA~ IL ~ IMAX 0.2 5 0.2 5 /lA 

3.0V~ IVIWVOUT) ~ 60V 

Reference Voltage 3~(VIN-VOUT)~60V, (Note 3) 1.20 1.25 1.30 1.20 1.25 1.30 V 

lOrnA ~ lOUT:::; IMAX. P ~ PMAX 

Line Regulation 3V ~ VIN - VOUT ~ 60V. (Note 2) 0,02 0.05 0.02 0.07 %!V 
Load Regulation 10 rnA ~ lOUT ~ IMAX. (Note 2) 

VOUT~5V 20 50 20 70 mV 

VOUT::o:5V 0.3 1 0.3 1.5 % 

Temperature Stability TMIN:::; Tj ~ TMAX 1 1 % 

Minimum Load Current VIN-VOUT = 60V 3.5 7 3.5 12 rnA 

Current Limit VIWVOUT~15V 

K Package 1.5 2.2 1.5 2.2 A 
H Package 0.5 0.8 0.5 0.8 A 

VIN-VOUT =60V 

K Package 0.1 0.1 A 

H Package 0.03 0.03 A 

RMS Output Noise. % of VOUT TA = 25°C. 10 Hz ~ f ~ 10 kHz 0.003 . 0.003 % 

Ripple Rejection Ratio VOUT = 10V. f = 120 Hz 65 65 dB 

CADJ = 10/lF 66 80 66 80 dB 

Long-Term Stability TA = 125°C 0.3 1 0.3 1 % 

Thermal Resistance, Junction to Case H Package 12 15 12 15 °CN! 
K Package 2.3 3 2.3 :l °CIW 

Note 1: Unless otherwise specified, these specifications apply -55°C", Tj '" +150°C for the LM117HV. -25°C", Tj '" +150°C for the 
LM217HV and O°C '" Tj '" +125°C for the LM317HV; VIN - VOUT = 5V and lOUT = O.lA for the TO-39 package and lOUT = O.5A for the TO-3 
package. Although power dissipalion is internally limited, these specifications are applicable for power dissipations of 2W for the TO-39 
and 20W for the TO-3. IMAX is 1.5A for the TO·3 and O.5A for the TO-39 package. 
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used_ 
Note 3: Selected devices with tighlened tolerance reference voltage available. 
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Typical Performance Characteristics (K and T Packages) 
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Output Impedance 

F VIN 'ISV 
VOUT'IOV 
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Application· Hints 

In operation, the LM117HV develops a nominal 1.25V 
reference voltage, VREF; between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R 1 and, since the voltage is con
stant, a constant current 11 then flows through the 
output set resistor R2, giving an output voltage of 

VOUT= VREF (1 + R2) + IADJR2 
. R1 

LM117HV 

FIGURE 1. 

Since the 100/lA current from the adjustment terminal 
represents an error term, the LM117HV was designed to 
minimize IADJ and make it very constant with fine 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A O.l/lF 
disc or l/lF solid tantalum on the input is suitable input 
bypassing for almost .all applications_ The device is more 
sensitive to the absence of input bypassing when adjust
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LMl17HV to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10/lF ·bypass capa
citor 80 dB ripple rejection is obtainable at any output 
level. Increases over 10/lF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25/lF in aluminum electro
lytic to equal l/lF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies; 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, O.Ol/lF 
disc may seem to work better than a O.l/lF disc as 
a bypass. 

Although the LMl17HV is stable with no output capa
citors, like any feedback circuit, certain values of 
external capacitance can cause excessive ringing. This 
occurs with values between 500 pF and 5000 pF. 
A l/lF solid tantalum (or 25J.tf' aluminum electrolytic) 
on the output swamps this effect and insures stability. 

Load Regulation 

The LMl17HV is capable of providing extremely good 
load regulation but a few precautions are needed to 
obtain maximum performance. The current set resistor 
connected between the adjustment terminal and the out
put terminal (usually 240n) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectvely in series 
with the reference and degrading regulation. For exam
ple, a 15V regulator with 0.05n resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.05n x I L. If the set resistor is con
nected near the load the effective line resistance will be 
0.05n (1 + R2/R1) or in this case, 11.5 times worse. 
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Figure 2 shows the effeci of resistance between the regu
lator and 240n set resistor. 

LM117HV 

V,. V,N VOUTLl-'vRvS""' ..... 

ADI ~ RI
VOUT 

___ ~240 ..... --_ .... 

FIGURE 2. Regulator with Line Resistance 
in Output Lead 

With the TO-3 package, it is easy to minimize the resis
tance from the case to the set resistor, by using two 
separate leads to the case. However, with the TO-5 
package, care should be taken to minimize the wire 
length of the output lead. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any IC regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 10/lF capacitors 
have low enough internal series resistance to deliver 
20A spikes when short~d. Although the surge is short, 
there is enough energy to damage parts of the I C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator_ The discharge 



Application Hints (cont'd.) 
current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of VIN. In the LMl17HV, this discharge path is through 
a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive 
regulators. For output capacitors of 25,uF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 

DI 
lN40D2 

LM111HV 

occurs when either the input or output is shorted. 
Internal to the LMl17HVis a 50n resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 10,uF capacitance. 
Figure 3 shows an LMl17HV with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 

V,N VIN ADJvOUTH>--+--.... -VOUT 

IN4D~~ ~D T CI 

+ C2 

1'_ 10,.' 

VOUT = 1.25V ~ + :~) + R21AOJ 

02 

01 protects against C1 

02 protects against C2 

FIGURE 3. Regulator with Protection Diode. 

Schematic Diagram 

r---._--_1>---~--_1>---~-._---------------_.-----~-t_--V,N 

025 
3 

~-4>--~~--~-~~~_1>_~-~-~~~_6---t_-----1>---~-------------------~~~---VOUT 

L-----------------------------------ADJ 
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Typical Applications (cont'd.) 

V'N 

Slow Turn·On 15V Regulator 

LMt17HV 

C2 
AI 
2.0 

~O.1"F .... - .... >--'IM....., 

Cl 
25tlf 

lN4002 

v, • 

Adjustable Regulator with Improved 
Ripple Rejection 

tSolid tantalum 
*Discharges C1 ,if output is shorted to ground 

High Current Adjustable Regulator 

3-LMI9S'S IN PARALlel 

R3 
2N2905-,.. __ ... __ -"",'0",0y.-__ • 

tSolid tantalum 

*Minimum load current"" 30 rnA 

:t:Optional-improves ripple rejection 

V'N 
35V 

SA Constant Voltage/Constant Current Regulator 

M~'D2-,.. ________ -.~ ____ .-__ -, 

LM117HV 

C2 
100pF 

o to 30V Regulator 

'::' 

A3 
0.2 
5W 

lMIU 
12V 

A3 
.80 

-tOY 

35V-4t-'V\"",,,~V'N AO:OUTI-<P----.... ---.--I----+--.... -~~~~~~V 
-+- Cl lN4~~ C3 + 

1'"' ~ ~l 

0' 
lN457 

03 
LED'" 

tSolid tantalum 

C5 A5 
,15pF 330k 

-6VTO-1SV 

*Lights in constant current mode 

Al 
220 

R8 
5k 

VOLTAGE 
ADJUST 
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A6 
200 

A2 
3k 

V'N 
15V 

High Stability 10V Regulator' 

r-P---1p-~:JlT 
'--''T-.... 

LM129A 

A3 
2&1 
1% 

AI 
2k 
5% 

Power Follower 

Cl 

TO''"' 
'NPUT -'V'I""'-+~ 

AI 
10k 

LM111HV 

10V-40V 

'::' 

1 A Current R.,gulator 

1.2V-20V Regulator with 
Mini":,um Program Currant 

A2 
·t.Sk ,% 

A2 
2.' 

*Minimum load current R:I 4 rnA 



rypical Applications (cont'd.) 

High Gain Amplifier low Cost 3A Switching Regulator 

v' 01 ____ __ 

2.J19/2 ----------------+.:E'r.:!7!:'...., 
LMl17HV 

.2 
2.4 

BV-J5V ~~"""Iy-"'-i I-IIII,.". .... -+--------.... -1.8V TO 32V 

., 
10k 

OUTPUT 

INPUT -'W'Ir-+--t lM195 

. , 
30 

4A Switching Regulator with Overload Protection 

2.2905·r" ________ ~~~.:t-----.J""':0"'~\r""'. 

•• 2.5 

01 
lN388D 

+ 

t Solid Tantalum 

. *Core-Arnold A-2S41S8-2 SO turns 

Precision Current Limiter 

VI. 1-... l1li,.". .... -10 ur = ,*. 
L--";::<----' 

*0.8n S Rl S 120n 

8-~J~ ...... ~...,..Iy-... -i 
'--'T'----' 

Tracking Preregulator 

.2 
720 

VI. 

R. 
100 

High Voltage Regulator 

R5 
15k 

---""--J"'.-v-y-,-~,,,--VOUT 

+ 

t Solid Tantalum 

1.Bvro 32V 

C4 
10llpFt 

VI. 

*Core Arnold A-2S41S8-2 SO turns 

VIN 

Adjusting Multiple On-Card Regulators 
with Single Control· 

Your 

.J 
120 

H~-1-~oW 
I '--'T----' 1...-_-+-____ ---1 ______ ___ J 
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"* All outputs within ±lOa mV 

tMinimum load-l0 rnA 
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Typical Applications (cont'd.) 

12Vp-p 

f\J 

VIN 

l000~*· 

AC Voltage Regulator 

"0 

12V Battery Charger 

LM317HV RS' 
0.2 

120 

IVp., 
IA 

480Pq 

RI 

..... ___ .. 240 ~ 

R2 
2.4k 

'Rs-sets output impedance of charger ZOUT = 
Use of RS allows low charging rates with fully 
charged battery . 

•• The 1 000 ~F is recommended to filter out 
input transients 

50 mA Constant Current Battery Charger 

Connection Diagrams 

(TO·3 Stnll 
Metal Can Package 

ADJUSTMONT 0 V'N 

CASE IS o OUTPUT 

BOTTOM VIEW 

Order Number LM117HVK STEEL, 
LM217HVK STEEL, or 

LM317HVK STEEL 
See Package K02A 
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Adjustable 4A Regulator 

LM317HV 
0.2 

........ """.,. .. --4.6VT026V 

5. 

5. 

·Sets peak current (O.6A for, 1.1'1) 
"The 1000 /iF Is recommended to filter out 

. input transients . 

tTO·39) 
Metal Can Package 

O 'NPUT 

0+-- ADJUSTMENT 

OUTPUT 

CASE IS OUTPUT 

BOTTOM VIEW 

Order Number LM117HYH, 
LM217HVH, Dr LM317HVH 

See Package H03A 



~National 
~ Semiconductor 

Voltage Regulators 

LM120 Series 3·Terminal Negative Regulators 

Ge'neral Description 
The LM120 series are three·terminal negative regulators 
with a fixed output voltage of -5V, -12V, and -15V, 
and up to 1.5A load current capability. Where other 
voltages are required, the LM137 series provides an 
output voltage range of -1.2V to -47V. 

The LM120 need only one external component·a com· 
pensation capacitor at the output, making them easy to 
apply. Worst case guarantees on output voltage deviation 
due to any combination of line, load or temperature 
variation assure satisfactory system operation. 

Exceptional effort has been made to make the LM 120 
Series immune to overload conditions. The regulators 
have current limiting which is independent of tempera, 
ture, combined with thermal overload protection. Inter· 
nal current limiting protects against momentary faults 
while thermal shutdown prevents junction temperatures 
from exceeding safe limits during prolonged overloads. 

Although primarily intended for fixed output voltage 
applications, the LM120 Series may be programmed for 
higher output voltages with a simple resistive divider. 
The low quiescent drain current of the devices allows 
this technique to be used with good regulation. 

Typical Applications 

Preventing Positive Regulator Latch-Up 

r---------~----~--~--, 
I 
I 
I 
I 

I LOAD 
rJ.1 j COMMON 

l_J CURRENT 

I 
I 
I 
I 

r-~-----4~--~~--o.-_J 

AI a 01 .lIow Ibe P05l1l" ~Iuliiol 10 "stlrt-up" when ·V1N IS dellyed 
relltm to -VIN and I heavy load is drawn between Iitt outpub. Without 
RI & Dl, most three-mmln.1 regulators Will notslln VIIIth helVY (DolA-IA) 
100d cutlent flowing to the neg.llve ,eguillor, even though the P051bve 
DutputlsdlmpedhyD2. 
*R2Isoptlon.1. Ground pin currtnt frllm thepDSltive regulatllr flOWing 
throullh AI wdlmcrelle +VOUT .. 00 mV If R21s omltled. 
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Features 
• Preset output voltage error less than ±3% 

• Preset current limit 

• I nternal thermal shutdown 

• Operates with input·output voltage differential down 
to 1V 

• Excellent ripple rejection 

• Low temperature drift 

• Easily adjustable to higher output voltage 

LM120 Series Packages ani:l Power Capability 

RATED DESIGN 
DEVICE PACKAGE POWER LOAD 

DISSIPATION CURRENT 

LM120 TO·3 20W 1.5A 

LM320 TO.J9 2W O.5A 

LM320T TO·220 l5W 1.5A 

LM320M TO·202 7.5W O.5A 

LM320ML' TO·202 7.5W O.25A 

LM320L * TO·92+ 1.2W O.lA 

*Electrical specifications shown on separate data sheet 

'*Aequlred If reguliltor IS 

sepltltedfromfdtercapa 
eltorby more than 3" For 
vllue glv,n, capacitor must 
besohdunulum.ZSJ.lF 
• Iumlnum elec:tralyllc may 
b.substltuted. 

+ INPUT 

-INPUT 

Fixed Regulator 

tRequlled for stiblhty For value 
glftn,caplcltormustbRsahd 
untalum.25JJFBlumlnumelee· 
trolytlcmBysubstltuted Values 
gnren maybe IncreasedWllhout 
hmlt . 

FUI output capiCllanc, m uceS5 
of 10DJ.lF,lhlgh cunentdlDde from 
mputto output(1N4D01,ete.) WIJl 
protectlhe regulator from momentalY 
mpulshorts 

Dual Trimmed Supply 

1-'--.... - .... ---..... -0 +S.OV 

DI 
lN4DOI 

D2 
IN4DDI 

J-'--.... - .... - .... -~~-5.DV 

r-
S ..... 
~ 
(J) 
CD ... Or en 
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-5 VOLT REGULATORS (Note3) 

Electrical Characteristics 

LMI20K-S.O 
ORDER NUMBERS 

ITO·3) 

DESIGN OUTPUT CURRENT nD) I.SA 
DEVICE DISSIPATION ,Po) 20W 

PARAMETER CONDITIONS INOTE 1) I MIN TVI' MAX 

METAL CAN PACKAGE 

LM320K-5.o LMI20H·S.o 

ITO-3) 

I.SA 
20W 

MIN TVI' MAX 

ITO-39) 

O.SA 
ZN 

MIN 'TV..-· MAX 

Output Voltage TJ = 2SoC. ViN = 10V. 

ILOAD=5mA 

-5.1 -'\; -4.9 I -5.2 -6 -4.B I -5.1 :"5.0 -4.9 

Line Regulation 

Input Vo.ltage 

TJ= 25°C. ILOAD = 5 mAo 

VMIN '5 VIN <; VMAX 

Ripple Rejection I f:::r 120 Hz 

Load Regulation.INote 21 TJ = 25'C. VIN = 10V. 

5 mA '5 ILOAD '5ID 

Output Voltage. I Note 11 I -7.5V '5 VIN '5 VMAX. 

5 mA '5ILOAD '5ID. P '5 PD 

Quiescent Current I VMIN 'S VIN ~ VMAX 

Quiescent Current Change T J = 25°C 

Output Noise Voltage 

Long Term Stability 

Thermal Resistance 
Junction to Case 

Junction to Ambient 

VMIN '5 VIN '5 VMAX 

5 mA '5 'LOAD '510 

TA = 25'C. CL = l/.1F.IL = 5mA. 

VIN = 10V. 10 Hz '5 f '5100 kHz 

-25 

54 

-S.20 

10 

64, 

50 

0.1 

0.1 

150 

5 

25 

-7 

75 

-4.BO 

0.4 

0.4 

50 

3 

35 

-25 

54 

-5.25 

10' 

.84 

50 

0.1 
O.J 
150 

5 

40 

-7 

100 

-4.75 

0.4 

0.4· 

50 

3 

35 

-25 

54 

-5,20 

,10 25 

.,' 
84' ' 

;, <! 

-7 

30,' 50 

.• -4.80 

2 

0.05, 0.4 
0.1)4 0.4 

150 

5 50 

15 

150 

Note 1: This specification applies over-55"C;S; TJ ;S; +15O"C for the LM120and o"C;S; TJ;S; +125°C for the LM320. 

LM120 Series 

Absolute Maximum Ratings 
Power Dissipation 
Input Voltage 
Input-Output Voltage Differential 
Junction Temperatures 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Internally Limited 
-25V 

25V 
See Note 1 

-e5°C to +l50°C 
300°C 

POWER PLASTIC PACKAGE 

LM320H-S.O 

ITD-39) 

O.SA 
ZN 

MIN TYP MAX 

-5.2 '-5.0 

-25 

54 

-5.25 

10 

.~ 

30' 

0.05 

,\U14 
.'150 

5 

-4.8 

40 

-7 

50 

-4.75 

0.4 
0,4 

50 

15 

150 

LM320T -5.0 LM32OMP-5.0 

'TO·220) 
I.SA 
15W 

MIN TYP MAX 

-5.2 . ;';'5.0 ,( -4.8 

-25 

54 

-5.25 

'" 

10 

84 

:,50 

0.1 
• 0.1 

150 

10 

4, 
50 

40 

-7.5 

100 

-4.75 

I 
0.4 

0.4 

'TO·202) 
O.SA 
7.5W 

MIN 'TYP'" MAX 

-5.2 "-5.11 -4.8 

-25 

54 

-5,25 

, 'uf' 40 

-:84,:: ' 
,40 . 

'0.05,; 
0.04, 

150, 

10, • 

12 
10 

-7,5 

100 

-4.75 

2 

0.3 

0,25 

UNITS 

v 

mV 

V 

dB 

mV 

v 

mA 

mA 

mA 

/.IV 

mV 

'CIW 
°CIW 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure -constant junction temperature. low duty 
evcle, pulse testing is used. The LM120/LM320 series does have low thermal feedback. improving line and load regulation. On all other tests, even though power dissipation is internally limited. electrical specifica· 
tions apply only up to PO. 
Note 3: For -5V 3 amp regulators, see LM145 data sheet. 



-12 VOLT REGULATORS Absolute Maximum Ratings 
Power Dissipation Internally Limited 
Input Voltage -35V 
Input-Output Voltage Differential 30V 
Junction Temperatures See Note 1 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 
METAL CAN PACKAGE POWER PLASTIC PACKAGE 

LM120K-12 LM320K-12 LM120H-12 LM320H-12 LM320T-12 LM320MP-12 
ORDER NUMBERS 

(TO-31 rrO-31 (T0-391 (TO-391 (TO-2201 (TO·2021 
UNITS 

DESIGN OUTPUT CURRENT 1101 1A 1A 0.2A 0.2A 1A 0.5A 
DEVICE DISSIPATION (Pol 20W 20W 2W 2W 15W 7.5W 

PARAMETER CONDITIONS (NOTE 11 MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Output Voltage - TJ = 25"C, VIN = 17V, -12.3 -12 -11.7 -12.4 -12 -11.6 -12.3 -12 -11.7 -12.4 -12 -11.6 -12.4 -12 -11.6 -12.5 -12 -11.5 V 

ILOAD' 5 rnA 
~ 

:!! Line Regulation TJ' 25"C, ILOAD' 5 rnA, 4 10 4 20 4 10 4 20 4 20 4 24 rnV 

VMIN ~ VIN <: VMAX 

Input Voltage -32 -14 -32 -14 -32 -14 -32 -14 -32 -14.5 -32 -14.5 V 

Ripple Rejection f, 120 Hz 56 80 56 80 56 80 56 80 56 80 56 80 dB 

Load Regulation, (Note 2) TJ = 25"C, VIN = 17V, 30 80 30 80 10 25 10 40 30 80 40 100 rnV 

5 rnA ~ ILOAD ~ 10 

Output Voltage, (Note 1) 14.5V ~ VIN ~ VMAX, -12.5 -11.5 -12.6 -11.4 -12.5 -11.5 -12.6 -11.4 -12.6 -11.4 -12.6 -11.4 V 

5 rnA~ ILOAD ~ 10, P~ Po 
Quiescent Current VMIN ~ VIN ~ VMAX 2 4 2 4 2 4 2 4 2 4 2 4 rnA 

Quiescent Current Change TJ = 25"C 

VMIN ~ VIN ~ VMAX 0.1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3 rnA 

5 rnA~ ILOAD ~ ID 0.1 0.4 0.1 0.4 0.03 0.4 0.03 0.4 0.1 0.4 0.04 0.25 rnA 

Output Noise Voltage TA = 25"C, CL = lpF, IL' 5 rnA, 400 400 400 400 400 400 pV 

VIN'17V, lOHz~f~100kHz 

Long Term Stability 12 120 12 120 12 120 12 120 24 24 rnV 

Thermal Resistance 

Junction to Case 3 3 15 15 4 12 "CIW 

Junction to Ambient 35 35 150 150 50 70 "CIW 

Note 1: This specification applies over -5SoC::; TJ :::; +150°C for the LM120 and aoc::; TJ $. +12SoC for the LM320. 
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to PO. 

-
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LM120 Series 

-15 VOLT REGULATORS Absolute Maximum Ratings 
Power Dissipation Internally Limited 
Input Voltage 

LM 120/ LM320 -40V 
LM320T /LM320MP -35V 

Input·Output Voltage Differential 30V 
Junction Temperatures See Note' 1 
Storage Temperature Range ~5°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 
METAL CAN PACKAGE POWER PLASTIC PACKAGE 

LM120K-15 LM320K-15 LM120H-15 LM320H-15 LM320T·15 LM320MP-15 
ORDER NUMBERS 

ITO-31 ITO-31 (TD·391 ITO·391 ITO-2201 ITO-2021 

lA O_2A 
UNITS 

DESIGN OUTPUT CURRENT IIDI lA O.2A lA O_5A 
DEVICE DISSIPATION (PDI 20W 20W 2W 2W 15W 7.5W 

PARAMETER CONDITIONS INOTE 11 MIN TVP II'AX MIN TVP MAX MIN ,TVP MAX MIN TVI' MAX MIN TVI' MAX MIN TVI' MAX 

Output Voltage TJ = 2S"C. VIN = 20V. -15.3 -15 -14.7 -1504 -15 -14.6 -15.3 -15 -14.7 -15.4 -15 -14.6 -15.5 -15 -14.5 -15.6 -15 -14.4 V 

£ ILOAD = 5 rnA 

Line Regulation T J =2S"C. I LOAD = 5 mAo 5 10 5 20 6, IIi 5 20 '5 20 5 30 mV 

VMIN $ VIN < VMAX 

Input Voltage -35 -17 -35 -17 -35 -17 -35 -17 -35 -17.5 -35 -17.5 V 

Ripple Rejection f = 120 Hz 56 aD 56 80 56 80 56 '80 56 80 56 80 dB 

Load Regulation, (Note 2) TJ = 2S"C. VIN = 20V. 30 80 30 80 10. 25 10 40 30 80 40 100, mV 

5 mA $ ILOAD $ 10 

Output Voltage, (Note 1) 17.5V <: VIN $ VMAX. -15.5 -14.5 -15.6 -14.4 -15.5 -14.5 -15.6 -14.4 -15.7 -14.3 -15.7 -14.3 V 

5 rnA $ ILOAO $10. P < PD " 
Quiescent Current VMIN < VIN $ VMAX 2' 4 2 4 2 4 2 4 .2 4 

" 
4 mA 

Quiescent Current Change TJ = 2S"C 

VMIN $ VIN $ VMAX 0.1 0.4 0.1 004 0.05, 0.4 0.05 0.4 0.1 0.4 0_05 0.3 mA 

5 mA $ ILOAD $ 10 P,,1 0.4 0.1 004 0.03, 004 0.03 0.4 0.1 004 0.04 0.25 mA 

Output Noise Voltage TA = 2S"C. CL = lpF. IL = 5 mAo 400 . 400 400 400 400 400 pV 
VIN = 20V. 10 Hz $ f $ 100 kHz 

I 
long Term Stability 15· 150 15 150 15 150 16 150 30 00 mV 

I Thermal Resistance 

Junction to Case 3 3 15 15 4 12 °C/W 

Junction to Ambient 35 35 150 150 ·50 70 °C/W 

Note 1: This specific~tion applies over -55°C :s: TJ :s: +150°C for the LM120 and O°C S TJ S +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due'to heating effects must be taken into account separately. To ensure constant junction temperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line aryd load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to PO-

---



IPical Performance Characteristics 
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Output Voltage vs 
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JUNCTION TEMPERATURE ( C) 

Note: Shaded portion refers 
to LM320 series regulators. 
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Output Impedance TO-5 
and TO-202 Packages 
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and TO-220 Packages 

2D 10-2 L....---'_-'-_...L._.L..........l 

" ~ 
{ 
,.-

0.01. 0." Ik 10k lOOk 

25 

2.3 

2.1 

19 

IJ 

" 13 

II 

" OJ 

0.' 

13 

FREQUENCY (Hz) 

Minimum 'nput·Output 
Oifferential T0-3 and 
TO-220 Packages 

I------
f 

/ 
-r 

r-T,~ 55 t 
h 

TJ=25C-

FTJ=150C I 

o 025 05 0.15 1.0 115 1.5 

OUTPUT CURRENT (AI 

Quiescent Current vs 
Load Current 

II (;;;.-"T'--t-----j--t-----j--1 

10 

0.9 L.......--'-_'----'-_'----'-.......J 
o 025 05 01510 1.2515 

OUTPUT CURRENT (AI 

100 lk 10k lOOk 1M 

FREQUENCY IHE! 

Minimum Input-Output 
Oifferential TO-5 and 
TO-202 Packages 

2.' .---,--,..-,--,---, 
2.2 f---+---j--+-
2.0 

IB f---+---j---+-+--A 
1.6 1---t---:l--::-:t--t-7y 
I.' 

12 
1.0 ~;;.r-==:.i-....,-, 

D.' +-+--1 
06 
O. L--i_--'-_~_.L..........l 

21 

19 

11 

" 13 

II 

01 02 0] 04 05 

OUTPUT tURRENT (A) 

Maximum Average Power 
Oissipation (TO-31 

- - TO 3.2 e/W 

" 
HEATS1NK* -

\.(WAKEF1,ELD 64;' Al_ 

TO·3,5 crw 

" 
~,HEATS1NKi!:.-

X 
\. (WAKEFIELD 

6&D125AI 

TO·3*10 CIW ,\. 
HfATSINK" ~ 

" 1--1- i'..:: 
TO·J,NOSINK ---25 50 15 100 125 150 

AMBIENT TEMPERATURE ( Cl 

Note: Shaded area shows operating 
range of TO-5 and TO-202 packages. 

*These curves for LM120 and LM220. 

Maximum Average Power 
Dissipation (TO-2021 

.1 ..l INFINITE 
HEA~SINK 

,10 eM "fAT SINK - ~ r-

-,. 
r-

2~ CM HEAT SINK 

o 10 20 30 40 50 60 70 

AMBIENT TEMPERATURE ( C) 

1-43 

21 

19 

11 

15 

13 

II 

9 

Derate 25°.C further for LM320. 

Maximum Average Power 
Oissipation (TO-2201 

""'- TO 220,5 C/W 
HEATSIHK 

........ ........ 
............... \o"'lOelW-

~EAT~INK ,_ 
TO·220, NO SINK 

25 50 15 100 125 150 

AMBIENT TEMPERATURE ( cl 

Short Circuit Current 

o 5 10 152025303540 

Y,N - VOUT (V) 



Typical Applications (cont'd.) 

High Stability 1 Amp Regulator 

--1 ..... - ..... --.... ----.... -~P_-----...,.._:;;~-VouTI+1 

• .z.' 

INPUT 

f-.... __ .... ________ -'= .. _VOUT H 

lo.dlndhneregulatlon O.Ol~tlmplratule5tabl/ltv 0.2% 

tOeterm,nesZenercurrent' 
ttSolldllllntlllum. 

An LM120 12 or LMI20·15 mlY lie usad to permit hllher Input voltllses, lIullhe 
regulaled OUtput voltlge musl lie II lelSt -15V when uSln!l' Iht LM12D·1Z lind -IBV 
lortheLM120·15 
"SeletlreslsloUloletoutputvohlge. Zppml ClutklngsuggrrS1ed. 

Current Source 

DI.F 

5.0V 
"lOUT = I rnA ~ R1 

_ Wide Range Tracking Regulator 

OJ 
lN4DOl 

-~---~===~=:t=::*".,...-<t--o COMMON 

D. 
lN4qDI 

*Resistor tolerance of Rllnd R2 delernune nlat£hl1'~ 
of !~l and (-I IIIl1uts 

UNece5SilIY only d uW5I1pplyt8l1ac,tonil,emore than 
3"fromregulaton 

An lMJ086N array may ,ubslrlllle 101 ai, 01 imd 0210r 
beltelstab,lilyandtrackmg Inthealnyd.ode,tll"SISIOI$ 
05 Bnd Q4 fin pBrallel) make up 02, s,m,I"ly, 01 and Q2 
become 01 andQJreplacnthe2N2222 

Variable Output 

·Opl,ol1allll1plOvei 
l,anSlenlrl!SpOIISeam1 
IlpplelelectlDll 

R'+R2 
VOUT'VSfT ~ 

SELECT RZ AS FOLLOWS 
LM120-S -300n 
LM12D-12 -750n 
LM12D-15 -1K 

Light Controllers Using Silicon Photo Cells 

-Limp lI"ghlness IncruSts unl,III = 5V1Rl (I, cal! be sel is low 8S 1. AI 
tNeCHSIty only I' law supply t,ller caplcltor II Inote th'll 2" from LM320MP 

BV -15V 
BULB 
T15A 
MAX TURN QN 

~ CURRENT 

1·44 

"lamp b"""lnes5,rnclnle~ Imllll, - '0 ( I IIiAI • 5V Rl 

tNecesyryonlYllrawsupp1vl,1lelcapacitolrsnHllflhan 2"lruII1 LMJ20 

6V 15V 
BULB 
11SA 
MAX TURN ON 
CURRENT 



Typical Applications (cont'd.) 

+VIN 

I 
I 
I 
I 
I 

C4 ... ...l.± 
2s..F-r 

I 
I 
I 

cs**-L± 

''"'...-I 
I 

-VIN 

Connection Diagrams 

<OUTPUT 

.' INPUT GND P ~'CASEI 

U 
BOTTOM VIEW 

Metal Can Package (10·39) (H) 
Order Numbers: 

LM120H-5.0 LM120H·12 LM120H·15 
LM320H-5.0 LM320H·12 LM320H·15 

See Package H03A 

±15V.1 Amp Tracking Regulators 

'N 

.. ' 
10k 
1% 

AS' 
'Ok 
1% 

R1 C2 
+ 

" "' "J 251'F 
1k 

5k 
OUTPUT TRIM 
TO-150V 

IN DUT 

PerformaneetTYPlc.i) 

Load R.gul.tlon .,JoIL = IA 10 mY 1 mV 
Output Ripple, tIN" 3000"f,ll "'IA lDO,uV,m5 10ll,uVrms 
Temperature Stlbillty +50 mV +50 mY 
Output NOIIIt 10 Hz '$ f S' 10 kHz 150llVrms 150,.Vrms 

-RUlstor lollTallCe of R4 Ind RS delmrmlHl mltchlng of 1+1 and I-I Dutputs. 
uNecessary only If fin supply filter Clplcltors .Ie mort than 2" from regulalols. 

BOTTOM VIEW 

Steel Metal Can Package T0-3 (K) 
Order Numbers: 

LM120K-5.0 LM120K·12 LM120K·15 
LM320K-5.0 LM320K-12 LM320K-15 

See Package K02A 

VouT !t)15V 

D' 
IN40Dl 

COMMON 

D' 
IN4QOI 

YouT H1SV 

BOTTOMVI[W 

Aluminum Metal Can 
Package TO-3 (KC) 

Order Numbers: 

LM320KC·5.0 LM320KC-12 
LM320KC·15 

See Package KC02A 

INPUT 

FRONT VIEW 

Powe, Package TO-202 (P) 

Order Numbers: 

LM320MP-5.0 
LM320MP-12 
LM320MP-15 

See Package P03A 

For Tab Formed TO-202 
Order Numbers: 
LM320MP·5.0TB 
LM320MP-12TB 
LM320MP-15TB 
See Package P03E 
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~~~DUT o ICO:::;:=::=~,· 
LlbdF~GND 

FRONT VIEW 

Power Package TO·220 (T) 

Order Numbers: 

LM320T-S.0 
LM320T-12 
LM320T-15 

See Package T03B 



Schematic Diagrams 

-5V 

RIB R19 
4k 5k 

Rll 

. /--+--1>--0 VOUT 

l--1~4--r 

03 
6.2V 

R20 
20k 

R21 R16 
150 0.05 

V,N,o-..... - .... ~>---~~~--<>---~-------..... - ..... --------------' 

-12V and -15V 

RIB R19 
4k 5k 

Rll 

..;---;--1>--0 VOUT 

03 
6.2V 

R20 
20k 

R21 R16 
50 0.05 

V,No-.... - .... ~>----~--<~--<>---~-------..... - ..... --------------' 
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~National 
~ Semiconductor 

Voltage Regulators 

LM1231LM2231LM323 3 Amp, 5 Volt Positive Regulator· 
General Description . 
The LM 123 is a three-terminal positive regulator temperature, and power dissipation ensure that 
with a preset 5V output and a load driving capa- the LM 123 will perform satisfactorily as a system 
bility of 3 amps. New circuit design and processing element. 
techniques are used to provide the high output 
current without sacrificing the regulation charac
teristics of lower current devices. 

The 3 amp regulator is virtually blowout proof. 
Current limiting, power limiting, and thermal 
shutdown provide the same high level of reliability 
obtained with these techniques in the LM109 
1 amp regulator. 

No external components are required for operation 
of the LM 123. If the device is more than 4 inches 
from the filter capacitor, however, a 1J.lF solid 
tantalum capacitor should be used on the input. 
A 0.1J.lF or larger capacitor may be used on the 
output to reduce load transient spikes created by 
fast switching digital logic, or to swamp out stray 
load capacitance. 

An overall worst case specification for the combined 
effects of input voltage, load currents, ambient 

Schematic Diagram 

Connection Diagram 
Metal Can Package 

'" outPU'~'CASEI 

_0 
rOTHIMlflfW' 

Order Number LM123K STEEL, 
LM223K STEEL or LM323K STEEL 

See Package K02A 

1-47 

For applications requITing other Voltages, see 
LM 150 series data sheet. 

Operation is guaranteed over the junction tempera· 
ture range -,55°C to +150°C. An electrically 
identical LM223 operates from -25°C to +150°C 
and the LM323 is specified from O°C to +125°C 
junction temperature. A hermetic TO-3 package is 
used for high reliability and low thermal resistance. 

Features 
• 3 amp output current 

• Internal current and thermal limiting 

• 0.OH2 typical output impedance 

• 7.5 minimum input voltage 

• 30W power dissipation 

• 100% electrical burn·in 

'" " 

'" '" '" " 

" " 

Typical Applications 
Basic 3 Amp Regulator 

'" "' 

1-'---11--0 VDUI '5V 

-Required" LM12J IS more than 4" hom httel capacitor 
tRe!lulalOll5stablewllh 110 load capilcllo,"mto lesnl1ve 
loads 



Absolute Maximum Ratings 
Input Voltage ' 
Power Dissipation 
Operating Junction Temperature Range 

LM123 
LM223 
LM323 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) . 

Preconditioning 
Burn-In in Thermal Limit 

20V 
Internally Limited 

-55°C to +150oe 
-25°C to +150oe 

oOe to +125°e 
-ti5°e to +150oe 

300°C 

100% All Devices 

Electrical Characteristics (Note 1) 

PARAMETER 

Output Voltage 

Output Voltage 

Line Regulation (Note 3) 

Load Regulation (Note 3) 

Quiescent Current 

Output Noise Voltage 

Short Circuit Current Limit 

Long Term Stability 

Thermal Resistance Junction 
to Case (Note 2) 

CONDITIONS 

Tj = 25°C 
VIN = 7.5V, lOUT = 0 

7.5V~V'N~15V 
O~ lOUT ~ 3A, P ~ 30W 

TJ = 25°C 
7.5V ~ V" s: 15V 

T J =- 25°C, VIN = 75V, 

O~ lOUT ~ 3A . 

7.5V ~ V'N s: 15V, 
0~IOUT~3A 

TJ = 25°C 
10Hz~f~100kHz 

.Tj = 2Soc 

V'N = 15V 
V'N = 7.5V 

MIN 

4.7 

4.6 

LMI23/LM223 

TYP 

25 

12 

40 

3 
4 

MAX 

5.3 

5.4 

25 

100 

20 

4.5 
5 

j5 

LM323 
UNITS 

MIN TYP MAX 

4.8 5 5.2 V 

4.75 5.25 V 

5 25 mV 

25 100 mV 

12 20 mA 

40 ~Vrms 

3 4.5 A 
4 5 A 

35 mV 

2 °C/W 

Not. 1: Unless otherwise noted, specifications apply for -55°C ~ Tj ~ +150°C for the LM123, -25°C ~ Tj ~ +150°C for th~ 
LM223, and O°C ~ Tj ~ +125°C for the LM323. Although power dissipation is internalty limited, specifications apply only 
forP~ 30W. 

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 3SoC/W. With a heat sink, the effective 
thermal resistance can only approach the specified values of 2°C/W. depending on the efficiency of the heat sink. 
Note 3: Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse 
width ~ 1 ms and a duty cycle ~ 5%. 

Typical Applications (cont'd.) 
Adjustable Output 5V - 10V 0.1% Regulation 
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Typical Performance Characteristics 
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Typical Applications (cont'd.) 

10 Amp R'egulator With Complete Overload Protection 
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~National 
~ Semiconductor 

Voltage Regulators 

LM125/LM325/LM325A, LM126/LM326 
Voltage Regulators 

General Description 

These are dual polarity tracking regulators design
ed to provide balanced positive and negative out
put vo'itages at current up to 100 mA, the devices 
are set for ±15 V and ±12 V outputs respectively. 
Input voltages up to ±30 V can be used and there 
is provision for adjustable current limiting. These 
devices are available in three package types to 
accomodate various power requirements and 
temperature ranges. 

Features 

• ±15V and ±12V tracking outputs 
• Output current to 100 mA 
• Output voltages balanced to within 1 % (LM 125, 

LM 126, LM325A) 
• Line and load regulation of 0.06% 
• Internal thermal overload protection 
• Standby current drain of 3 mA 
• Externally adjustable current limit 
• Internal current limit 

Schematic and Connection Diagrams Dual~ln-Line Package 
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L-----~~r_o()0 '" 

}---~w..---__+_-oCD "" 
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" • SENSE 

" 
OJ _CURRENT 

LIMIT 

. v, .. 

V" 

CURRENT ; 
REFERfNCE 

LIMIT 

SENSE 

V,l\ .. BOOST 

Order Number LM325AN, LM325N, 
or LM326N 

Sea Paokage N14A 

Metal Can Package 
'NO 

BaOST 

You, 

-v, .. 
TOPYIfW 

Case connected to -VIN 
Order Number 

LM125H, LM325H, LM126H, 
or LM326H 

See Paokage H 1 oc 



Absolute Maximum Ratings 

Input Voltage 
Forced Vo + (min) (Note 1) 
Forced VO- (max) (Note 1) 
Power Dissipation (Note 2) 
Output Short·Circuit Duration (Note 3) 

±30V 
--{I.5V 
+0.5V 

PMAX 
Indefinite 

Operating Conditions 

Operating Temperature Range 
LM125 -55°C to +125°C 
LM325, LM325A O°C to +70°C 

Storage Temperature Range --65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics LM125/LM325/LM325A (Note 2) 

PARAMETER 

Output Voltage 

LM125/LM325A 
LM325 

Input-Output Differential 

Line Regulatioh 

Line Regulation Over Temperature 
Range' 

Load Regulation 
Vo + 
Vo -

Load Regulation Over Temperature 
Range 

Vo + 
Vo -

Output Voltage Balance 
LM125, LM325A 
LM325 

Output Voltage Over Temperature 
Range 

LM125/LM325A 
I:.M325 

Temperature Stability of Va 

Short Circuit Current Limit 

Output Noise Voltage 

Positive Standby Current 

Negative Standby Current 

Long Term Stability 

Thermal Resistance Junction to 
Case (Note 4) 

LM125H, LM325H 

Junction to Ambient 
LM325AN, LM325N 

CONDITIONS 

T, = 25°C 

V'N = 18V to 30V, IL = 20 rnA, 
T, = 2S"C 

V'N = 18Vt030V,IL = 20mA 

IL = 0 to SO mAo V'N = ±30V, 
T, = 25"C 

IL = 0 to 50 rnA, V'N = !30V 

T, = 2S"'C 

P::; PMAX • 0::; 10 ::; SO rnA, 
18V::;IV,NI::;30 

T, = 25°C 

T, = 2SoC, BW = 100 - 10 kHz 

T, = 25°C 

Tj = 2S"C 

MIN 

14.8 
14.5 

2.0 

14.65 

14.27 

Note 1: That voltage to which the output may be forced without damage to the device. 

TYp· MAX UNITS 

15 15.2 V 
15 15.5 V 

V 

2.0 10 mV 

2.0 20 mV 

3.0 10 mV 
5.0 10 mV 

4.0 20 mV 
7.0 20 mV 

±150 mV 
!300 mV 

15.35 V 

15.73 V 

±0.3 % 

260 rnA 

150 pVrms 

1.75 3.0 mA 

3.1 5.0 mA 

0.2 %/kHr 

45 °CM 

150 °CM 

Note 2: Unlesso otherwise s~ecifled these specifications apply for T(SSoC to +150°C on LM125, TtOOC to +12SoC on 
LM325A, Tj=O C to +125 C on LM32S, V IN=±20V, IL=O rnA, IMAX=I00 rnA, PMAX=2.0W for tne TO-5 H Package. 
IMAX=100 rnA. IMAX=100 rnA, PMAX=1.0W for the DIP N.Packaga. 

Note 3: If the junction temperature exceeds 150°C, the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance junction to embient of the TO-S Package is about 15O"CIW. With a heat 
sink, the effective thermal resistance can only approach the junction to case values specified, depending of the efficiency of 
the sink. 
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Absolute Maximum Ratings 
Input Voltage 
Forced Vo + (Min) (Note 1) 
Forced Vo - (Max) (Note 1) 

Power Dissipation (Note 2) 
Output Short·Circuit Duration (Note 3) 
Operating Temperature Range 

LM126 
LM326 

Storage Temperature Range 
Lead Temperature (Soldering. 10 seconds) 

±30V 
-o.5V 
+O.5V 

Tnternally Limited 
Indefinite 

-55°C to +125°C 
O°C to +70°C 

-65°C to +150°C 
300°C 

Electrical Characteristics LM126/LM326 (Note 2) 

PARAMETER CONDITIONS MIN 

Output Voltage T, ~ 25"C 
LM126, LM326 11.8 

11.5 

Input-Output Differential 2.0 

Line Regulation Y'N ~ 15V to 30V 
IL ~ 20 mA, T, ~ 25"C 

lme Regulation Over Temperature Range Y'N ~ 15Vt030V.I L ~ 20mA 

Load Regulation IL = 0 to 50 mAo Y'N = ±30V. 
Vo T, ~ 25"C 

Vo 

Load Regulation Over Temperature Range IL = 0 to 50 mA, Y'N = ±30V 
Vo 

; 

Vo 

Output Voltage Balance T, = 25"C 
LM126, LM326 

Output Voltage Over Temperature Range P$ PMAX , 0 $10 $ 50 mA 
LM126 15V $ IV,NI $ 30V 11.68 

LM326 11.32 

Temperature Stability of Vo 

Short Circuit Current Limit T, = 25"C 

Output Noise Voltage T, = 25'C, 8W ~ 100·- 10 kHz 

Positive Standby Current T, ~ 25'C, I L ~ 0 

Negative Standby Current T, ~ 25'C, I L ~ 0 

Long Term Stability 

Thermal Resistance Junction to Case (Note 4) 
LM126/LM326H 

Junction to Ambient LM326N 

Note 1: That voltage to wh ich the output may be forced without damage to the device. 

TYP MAX UNITS 

12 12.2 V 
12.5 V 

V 

2.0 10 mV 

2.0 20 mV 

3.0 10 mV 
5.0 10 mV 

'4.0 20 mV 
7.0 20 mV 

J:125 mV 
±250 mV 

12.32 V 

12.68 V 

±0.3 " ." 
260 rnA 

100 J .. lVrms 

1.75 3.0 mA 

3.1 5.0 mA 

0.2 %/kHr 

45 'CIW 

150 'C/W 

Note 2: ,Unless otherwise specified, these specifications apply for Tj=55oe to +150o e on LM126, TrOoe to +12Soe on 
LM326, VIN~±20V. IL~O rnA, IMAX~100 rnA. PMAX=2.0W for the TO,!; H Package IMAX~100 rnA. IMAX=100 rnA, 
PMAX=1.0W for the DIP N Package. . 
Not8 3: If the junction temperature exceeds 150°C the output short circuit duration is 60 seconds. 
Note 4: Without a heat sink. the thermal resistance junction to ambient of the TO-5 Package is about 150° C/W. With a heat 
sink, the effective thermal resistance can only approach the junction to case values specified. depending on the efficiency of 
the sink. 
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Typical Performance Characteristics IV,N ,= ±20V, Ie = 0 mA, T j = 25°C, unless otherwise noted.) 

~ 2.0 
z 
o 
;: 

" ~ 
o 

'" ~ 
o 
> ... 
=> 
~ ... 
il: 

4.0 

6,0 

8,0 

10 

12 

14 

16 

18 

20 

LM125 Load Regulation 

, . 
~ 

POS REG 

.~ :::::,... 

- NEG R~~ I,...., 
~ 

1 "-
1 

--- T."'+150C_ 
---- TJ = -55 C 

- --- TJ"+25C -

-

~ '-
r-----
r-----

:; 2.0 
oS 
~ 4.0 

~ 6.0 
~ 
a '.0 

10 

12 

14 

16 

o 20 40 60 80 100 

LOAD CURRENT ImAI 

LM125/126 Regulator 
Dropout Voltage for 
Positive Regulator 

~ 2.5 r--.,...-..,..--::-,-=~-= 

2.0 

1.5 I---t-'=y.--t---t---j 

1,0 f--F--f--f--I--I 

0.5 I--f-._-j---j-

10 

~ 1.0 

0.1 

20 40 60 80 10[ 

LOAD CURRENT (mAl 

LM125/126 
Maximum Average Power 
Dissipation vs 
Ambient Temperature 

INFINITE HEAT SINK 
TO·5 

l- i 1"-

f= NO HEAT SINK 
TO·5 

I ,,, 
~ ~ J 1 

-55 -25 0 +25 +50 +75 +100 +125 

LM125/126 Regulator 
Dropout Voltage for 
Negative Regulator 

~ 2.5 r--T"'-,--,..--r-"1I 
~ 

s 5 2.0 

~ c; 1.5 

... 
~ 1.0 1--+---+'~-+---:7'I"-----l 
o 
~ 
~ 

'" => 

'" z 
i 

~ 1.0 
~ 

20 40 60 80 100 

LOAD CURRENT (mAl 

LM325/326 
Maximum Average Power 
Dissipation vs . 
Ambient Temperatu re 

0,1 L_....l. __ .L_--' __ ..J 

25 50 75 100 

LM126 Load Regulation 

o 

""~~ 
PO~.R~ ~:; ~k 
TI +Z5°C "x/ 1' ...... ~~ 
T,' +150'C /' 
T,' -55'C~/ " Ie 

, ...... 

NE~. RIEG. V/ V'~ 
~i:::::~1 / VI---" 1\ , . 

r\ TI :o:+150°C 

I I 
20 40 60 80 100 

LOAD CURRENT (mAl 

LM125/126 Peak Output 
Current vs 
Junction Temperature 

500 r-r-r-r-r-",.,,.,,.,,., 

.. 400 t--t--t--t-+-+-+-+"""'-H 
oS ... 
ffi JOO .. 
B 
~ 200 

CI 100 

_ 0,80 
~ 
w ' 
~ 0.70 

~ 0.60 
w 
~ 
~ 0.50 
!:: ,. 
::l 

5 
~ 
~ 

0,40 

0.30 

0,20 

-50 50~ 100 150 

JUNCTION TEMPERATURE ( CI 

LM125/126 Current 
Limit Sense Voltage VI 

Temperature for Negative 
Regulator 

'" I' 
r'-

f', 
I" 

'" " -50 ··25 0 25 50 75 100 125 150 

TA - AM81ENT TEMPERATURE ( CI TA - AMBIENT TEMPERATURE ( CI JUNCTION TEMPERATURE ( CI 

w 
~ 

;: 0.60 

... 
~ ... 
iii .. .. 
~ 

0,50 

0.40 

0,30 

I 

I' 
r--.. 

! r--.. 
! f' 
1 

-50 -25 0 25 50 75 100125150 

JUNCTION TEMPERATURE ( CI 

.. 
oS ... 
iii 

~ 
~ 
!!. 

1·54 

LM125/126 
Standby Current Drain 

4.0 

TA" _55°C - SUPPLY 

3.0 TA" +25°C 

I 
TA "+125°C 

2.0 
+ SUPPLY 

1.0 / 
TA = -55°C % '/ TA :: +25"C 
TA" +125"C ::/ Il z 0 

18 20 22 24 26 28 30 

INPUT VOLTAGE I!VI 



Typical Performance Characteristics (cont'd.) 
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Typical Performance Characteristics (cont'd.) 
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Typical Applications (cont'd.) 

Positive Current Dependent Simultaneous Current Limiting 
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Resistor Values 

125 126 

Rl 18 20 

R2 310 180 

R3 2.4k 1.35k 

R6 300 290 

RCL 0.7 0.9 



~Nationai Voltage Regulators 
~ Semiconductor 
LM137/LM237/LM337 3-Terminal Adjustable 
Negative Regulators 
General Description 

The LM137/LM237/LM337 are adjustable 3-terminal 
negative voltage regulators capable of supplying in excess 
of -1_5A over an output voltage' range of -1.2V to 
-37V. These regulators are exceptionally easy to apply, 
requiring only 2 external resistors to set the output 
voltage and 1 output capacitor for frequency compensa
tion. The circuit design has been optimized for excellent 
regulation and low thermal transients_ Further, the 
LM137 series features internal current limiting, thermal 
shutdown and safe-area compensation, making them 
virtually blowout-proof against overloads. 

• Line regulation typically 0_01%/V 

• Load regulation typically 0.3% 
• Excellent thermal regulation, 0.002%/W 
• 77 dB ripple rejection 
• Excellent rejection of thermal transients 

• 50 ppmfC temperature coefficient 
• Temperature-independen't current limit 

.' Internal thermal overload protection 

• 100% electrical burn-in 
• Standard 3-lead transistor package 

The LM137/LM237/LM337 serve a wide variety of 
applications including local on-card regulation, program
mable-output voltage regulation or precision current 
regulation. The LM137/LM237/LM337 are ideal comple
ments to the LMl17/LM217/LM317 adjustable positive 
regulators. 

LM137 Series Packages and Power Capability 

RATED 
DEVICE PACKAGE POWER 

DISSIPATION 

LM137 TO-3 20W 

Features LM237 
TO-39 2W 

LM337 
• Output voltage adjustable from -1.2V to -37V LM337T TO-220 15W 

• 1.5A output current guaranteed, -55°C to +150°C LM337M 
LM337LZ 

Typical Applications 

Adjustable Negative Voltage Regulator 

+ 
;:~C2* 

ADJ 

LM137/ 
LM337 

~2 
).~ , 

TO-202 7.5W 
TO-92 O.62W 

tC1 = 1 ~F solid tantalum or 10 ~F aluminum electrolytic required for stability. 
Output capacitors in the range of 1 iJF to 1000 iJF of aluminum or tan
talum electrolytic are commonly used to provide improved output impe
dance and rejectior- of transients. 

*C2 = 1 .u.F solid tantalum is required only if regulator is more than 4" from 
power-supply filter capacitor 
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Absolute Maximum Ratings 
Power Dissipation Internally limited 

40V Input-Outpu,t Voltage Differential 

Operating Junction Temperature Range 

LM137 
LM237 
LM337 

Storage Temperature 

-55°C to +150°C 
-25°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

0°Cto+125°C 
-65°C to +150°C 

300°C 

Preconditioning 
Burn-In in Thermal Limit 100% All Devices 

Electrical Characteristics (Note 1) 

PARAMETER 

Line Regulation 

Load Regulation 

Thermal Regulation 

Adjustment Pin Current 

Adjustment Pin Current Change 

Reference Voltage 

Line Regulation 

Load Regulation 

Temperature Stability 

Minimum Load Current 

Current Limit 

RMS Output Noise. % of VOUT 

Ripple Rejection Ratio 

CONDITIONS 

TA = 25°C. 3V <:; IVIN-VOUTI<:; 40V 
(Note 2) 

TA = 25°C. 10 mA <:; lOUT <:; IMAX 

IVOUTI<:; 5V. (Note 2) 

IVOUTI ~ 5V. (Note 2) 

T A = 25°C. 10 ms Pulse 

10 mA<:; IL <:; IMAX 

3.0V<:; IVIN-VOUTI<:;40V. TA = 25°C 

TA = 25°C (Note 3) 

3 <:; IVIN-VOUTI <:; 40V. (Note 3) 

10 mA <:; lOUT -;:; IMAX. P <:; PMAX 

3V <:; IVIN-VOUTI<:; 40V. (Note 2) 

10 rnA <:; lOUT <:; IMAX. (Note 2) 

IVOUTI<:;5V 

iVOUTI~5V 

TMIN<:;Tj<:;TMAX 

IVIN-VOUTI<:;40V 

IVIN-VOUTI<:; 10V 

IVIN-VOUTI<:; 15V 
K and T Package 

Hand P Package 

IVIN-VOUTI = 40V. Tj = 25"C 
K and T Package 

Hand P Package 

TA = 25°C. 10 Hz <:; f <:; 10 kHz 

VOUT=-10V.f= 120Hz 

CAOJ = 10p.F 

Long·Term Stability TA = 125°C. 1000 Hours 

Thermal Resistance, Junction to Case H Package 

K Package 

T Package 

P Package 

LM137/LM237 
MIN TYP MAX 

0,01 0,02 

15 25 

0,3 0.5 

0,002 0,02 

65 100 

2 5 

-1.225 -1.250 -1.275 

-1.200 -1.250 -1.300 

0.02 0.05 

20 50 

0,3 1 

0,6 

2.5 5 

1.2 3 

1.5 2.2 

0,5 0,8 

0.24 0.4 

0.15 0.17 

0.003 

60 

66 77 

0,3 1 

12 15 

2,3 3 

' LM337 
UNITS 

MIN TYP MAX 

0.01 0.04 %IV 

15 50 mV 

0,3 1.0 % 

0.003 0.04 %IW 

65 100 JlA 

2 5 p.A 

-1,213 -1,250 ,-1.287 V 

-1.200 -1.250 -1.300 V 

0,02 0.07 %IV 

20 70 mV 

0.3 1.5 % 

0,6 % 

2.5 10 mA 

1.5 6 mA 

1.5 2.2 A 

0.5 0.8 A 

0.15 0.4 A 

0.10 0,17 A 

0,003 % 

60 dB 

66 77 dB 

0.3 1 % 

12 15 °CIW 

2.3 3 °CIW 
4 °CIW 

12 °CIW 

Note 1: Unless otherwise specified, these specifications apply - 550C ~ Tj ~ + 1500C for the LM137, - 250C ~ Tj ~ + 1500C for the 
LM237, OOC~ Tj ~ +125OC for the LM337; VIN-VOUT=5V; and IOUT=O.lA for the TO-39 and TO-202 packages and IOUT=0.5A for 
the TO-3 and TO-220 packages, Although power dissipation Is internally limited, these specifications are applicable for power dis· 
sipations of 2W for the TO-39 and TO-202 and 20W for the TO-3 and TO-220. IMAX is 1.5A for the TO-3 and TO-220 packages, and 
0.5A for the TO-202 'package and 0.2A for the TO-39 package. 
Note 2: Regulation is measured at constant Junction temperature, using pulse testing with a low duty cycle. Changes in output volt· 
age due to heating effects are covered under the specification for thermal regulation. Load regulation Is measured on the output pin at 
a pOint 1/8" below the base of the TO-3 and TO-39 packages. 
Note 3: Selected devices with tightened tolerance reference voltage available. 
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Thermal Regulation 
When power is dissipated in an IC, a temperature 
gradient occurs across the IC chip affecting the individual 
IC circuit components. With an IC regulator, this gradient 
can be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature 
gradients on output voltage (in percentage output change) 
per Watt of power, change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within 5 ms to 50 ms 
after a change in power dissipation. Thermal regulation 
depends on IC layout as weil as electrical design. The 
thermal regulation of a voltage regulator is defined as the 
percentage change ,of VOUT, per Watt; within the first 
10 ms after a step of power is applied. The LM 137's 
specification is 0.02%/W, max. 

1 
0.1% 

T 

----I 10ms I-
LM137, v OUT =-10V 

VIN-vOUT = -40V 
IL = OA -+ O.25A -+ OA 

Vertical sensitivity. 5 mV Idiv 

FIGURE 1 
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In Figure 1, a typical LM137's output drifts only 3 mV 
(or 0.03% of VOUT = -10V) when a lOW pulse is 
applied for 10 ms. This performance is thus well inside 
the specification limit of 0.02%/W x lOW = 0.2% max. 

. When the lOW pulse is ended, the thermal regulation 
again shows a 3 mV step as the LM137 chip cools 
off. Note that the load regulation error of about 8 mV 
(0.08%) is additional to the thermal regulation error. 
In Figure 2, when the lOW pulse is applied for 100 ms, 
the output drifts only slightly beyond the drift in the 
first 10 ms, and the thermal error stays well within 
0.1% (10 mV). 

1-100 ms----l' 

LM137, VOUT =-10V 

VlliI-VOUT = -40V 
IL = OA .... O.25A-+ OA 

Horizontal sensitivity, 20 ms/div 

FIGURE2 



Connection Diagrams 

TO-3 
Metal Can Package 

BOTTOM VIEW 

Order Number: 
LM137K STEEL 
LM237K STEEL 
LM337K STEEL 

See Package K02A 

TO-39 
Metal Can Package 

ADJUSTMENT 

0--'7"'--'-- INPUT 

CASE IS INPUT 

BOTTOM VIEW 

Order Number: 
LM137H 
LM237H 
LM337H 

See Package H03B 

Typical Applications (Continued) 

Adjustable Lab Voltage Regulator 

+2S¥--1r--, 

1-""'-1_-,--12VTDZOV 

p'-'-'-<I_-4---1.2V TO -20V 

-25v---<lo---' 

*The 10 J.I. F capacitors are optional to improve ripple rejection 

Current Regulator 

1.250V 
lOUT = 

Rl 
'o_sn S; Rl 5. 120n 

Negative Regulator with Protection Diodes 

-V'N_~~ ___ .J 

*When CL is larger than 20 "F, 01 protects 
the LM137 in case the input supply is shorted 

*"When C2 is larger than 10 "F and -VOUT is 
larger tlian -25V, 02 protects the LM137 in 
case the output is shorted 
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TO-220 
Plastic Package 

I 0 Ct-

, , , , , , , , , , 
" " L _________ J 

) 

V'N 

TO-202 
Plastic Package 

o 
V'N 

ADJ_ -VOUT 

"OJ ~ -v 

V'N 

FRONT VIEW 

Order Number: 
LM337T 

See Package T03B 

OUT 
V'N 

FRONT VIEW 

Order Number: 
LM337MP 

See Package P03A 

For Tab Bend TO-202 
Order Number: 
·LM337MP 

See Package P03E 

-S.2V Regulator wi'th Electronic Shutdown

TTL 
CONTROL 

787 ,% 

24' 
1% 

+ 
1,F 

-BV TO -20V--+--+----' 

*Minimum output;;; -1.3V whe~ control input is low 

Adjustable Current Regulator 

High Stability -10V Regulator 

VOUT 
1o:-411----< ... --< ... --10V 

1Sppmrc 



Typical Performance Characteristics (K Steel and T Packages) 
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~National 
~ Semiconductor 

Voltage Regulators 

LM137HV ILM237HV ILM337HV 
3-Terminal Adjustable Negative RegulC:itors (High Voltage) 

General Description 

The LMI37HV/LM237HV/LM337HV are adjustable 
3-terminal negative voltage regulators capable of sup
plying in excess of -1.SA over an output voltage range 
of -1.2V to -47V. These regulators are exceptionally 
easy to apply, requiring only 2 external resistors to set 
the output voltage and 1 output capacitor for frequency 
compensation. The circuit design has been optimized for 
excellent regulation and low thermal transients. Further, 
the LM137HV series features internal current limiting, 
thermal shutdown and safe-area compensation, making 
them virtually blowout-proof against overloads. 

The LMI37HV/LM237HV/LM337HV serve a wide 
variety of applications including local on-card regula
tion, programmable-output voltage regulation 'or pre
cision current regulation. The LM 137HV /LM237HV / 
LM337HV are ideal complements to the LMI17HV/ 
LM217HV /LM317HV adjustable positive regulators. 

Typical Applications 

Features 

• Output voltage adjustable from -1.2V to -47V 
• I.SA output current guaranteed, -SSoC to +IS0°C 

• Line regulation typically 0.01%/V 

• Load regulation typically 0.3% 
• Excellent thermal regulation, 0.002%/W 
• 77 dB ripple rejection 
• Excellent rejection of thermal transients 

• SO ppmfC temperature coefficient 
• Temperature-independent current limit 

• I nternal thermal overload protection 

• 100% electrical burn-in 
• Standard 3·lead transistor package 

Adjustable Negative Voltage Regulat~r 

-VIN 

~2 
~ 

~ -
~ > 

+ ;::~Clt ;::~C2* 
IIlF 

AOJ :>120 
? 

VIN LMI37HV/ VOUT 
VOUT LM337HV 

. ~ R2 ) -VOUT = -1.25V 1 + --
12011 

tel = 1 J,lF solid tantalum or 10 J.LF aluminum electrolytic required for stability. 
Output capacitors in the range of 1 ",F to 1000 IJF of aluminum or tan-, 
tatum electrolytic are commonly used to provide improved output impe-
dance and rejection of transients. ' 

*C2 = 1 .uF solid tantalum is required only if regulator is more than 4" from 
power-supply filter capacitor 
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Absolute Maximum Ratings 
Power D issi pation Internally limited 

Input-Output Voltage Differential 50V 

Operating Junction Temperature Range 

LM137HV -55°C to +150°C 

LM237HV -2SoC to +150°C 

LM337HV O°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

-
Preconditioning 
Burn-In in Thermal Limit 100% All Devices 

Electrical Characteristics (Note 1) 
, 

PARAMETER CONDITIONS 
LM137HV/LM237HV LM337HV 

UNITS 
MIN TYP MAX MIN TYP MAX 

Line Regulation TA = 25°C, 3V ~ IVIN-VOUTi ~ 50V, 0.01 0.02 0.01 0.04 %IV 

(Note 2) 

Load Regulation TA = 25°C, 10 mA~ IOUT~ IMAX 

IVOUTI ~ 5V, (Note 2) 15 25 15 50 mV 

IVOUTI::O: 5V, (Note 2) 0.3 0.5 0.3 1.0 % 

Therma! Regulation T A = 25°C, 10 ms Pulse 0.002 0.02 0.003 0.04 %IW 

Adjustment Pin Current 65 100 65 100 IlA 

Adjustment Pin Current Change 10mA~IL~IMAX 2 5 2 5 IlA 

2.5V ~ IVIN-VOUTI ~ 50V, 3 6 3 6 IlA 

TA= 25°C 

Reference Voltage T A = 25°C, (Note 31 -1.225 -1.250 -1.275 -1.213 -1.250 -1.287 V 

3 ~ IVIN-VOUTI ~ 50V, (Note,,3) -1.200 -1.250 -1.300 -1.200 -1.250 -1.300 V 

10mA~ IOUT~ IMAX,P~PMAX 

Line Regulation 3V ~ IVIN-VOUTI ~ 50V, (Note 2) 0.02 0.05 0.02 0.07 %IV 

Load Regulation 10 mA ~ lOUT ~ IMAX, (Note 21 

IVOUTI~5V 20 50 20 70 mV 

IVOUTI::O:5V 0.3 1 0.3 1.5 % 

Temperature Stability TMIN ~ Tj ~ TMAX 0.6 0.6 % 

Minimum Load Current IVIN-VOUTI ~ 50V ·2.5 5 2.5 10 mA 

IVIN-VOUTI ~ 10V 1.2 3 1.5 6 mA 

Current Limit IVIN-VOUTI ~ 13V 
K Package 1.5 2.2 3.2 1.5 2.2 3.5 A 

H Package 0.5 0.8 1.6 0.5 0.8 1.8 A 

IVIN-VOUTI = 50V 

K Package 0.2 0.4 0.8 0.1 0.4 0.8 A 

H Package 0.1 0.17 0.5 0.050 0.17 0.5 A 

RMS Output Noise, % of VOUT TA = 25°C, 10 Hz~f~ 10 kHz 0.003 0.003' % 

Ripple Rejection Ratio VOUT = -10V, f =120 Hz 60 60 dB 

CADJ= lO IlF 66 77 66 77 dB 

Long·Term Stability TA = 125°C, 1000 Hours 0.3 1 0.3 1 % 

Thermal Resistance, Junction H Package 12 15 12 15 °CIW 

to Case K Package 2.3 3 2.3 3 °CIW 

Note 1: Unless otherwise specified, these specifications apply -55°C", 1j '" +l50oC for the lM137HV, -:-25°C", 1j '" +l50oC for the LM237HV, 
OOC '" ~ '" +125OC for the LM337HV; VIN-VOUT=5V; and IOUT=O.lA for the TO-39 package and IOUT=O.5A for the TO-3 package. Although 
power issipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-39 and 20W for the TO-3. IMAX is 
1.5A for the TO-3 package and O.2A for the TO-39 package. 
Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating 
effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point lISN below the base of the 
TO-3 and TO-39 packages. 
Note 3: Selected 'devices with tightened tolerance reference voltage available. 
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· Schematic Diagram 
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Thermal Regulation 
When power is dissipated in an IC, a te'mperature 
gradient occurs across the IC chip affecting the individual 
ICcircuitcomponents. With an IC regulator, this gradient 
can be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature 
gradients on output voltage (in percentage olltput change) 
per Watt of power change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within' 5 ms to 50 ms 
after a change in power dissipation. Thermal. regulation 
depends on IC layout as well as electrical design. The 
thermal regulation of a voltage regulator is defined as the 
percentage change cif VOUT, per Watt, within the first 
10 ms after a step of power is applied. The LM 137HV's 
specification is 0;02%IW, max. 

-IIOms/

LMI37HV, VOUT = -IOV 

VI N-VOUT = -40V 

IL = OA - O.2SA - OA 
Vertical sensitivity. 5 mV Idiv 

FIGURE I 
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In Figure 1, a typical LM137HV's output drifts only 
3 mV (or 0.03% of VOUT = -lOV) when a lOW pulse is 
applied for 10 ms. This performance is thus well inside 
the specification limit of 0.02%IW x'IOW = 0.2% max. 
When the lOW pulse is ended, the thermal regulation 
again shows a 3 mV step as the LM137HV chip cools 
off. Note that the load regulation error of about 8 mV 
(0.08%) is additional to the thermal regulation error. 
In Figure 2, when the lOW pulse is applied for 100 ms, 
the output drifts only slightly beyond' the drift in the 
first 10 ms, and the thernial error stays· well within 
0.1% (10 mVj, 

J--IOO mS--j 

LMI37HV, VOUT = -IOV 

VIN-VOUT ~ -40V 
IL = OA- O.2SA-.OA 
Horizontal sensitivity. 20 ms/div 

FIGURE 2 
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Connection Diagrams 

TO-3 
Metal Can Packa"" 

ADJUSTMC' NT 0 vciUT 

Ordering InfOrmation 
LM137HVK STEEL 
LM237HVK STEEL 
LM337HVK STEEL ' CASE IS 

Sal Packllli. K02A 0 IIII'UT 

.dTTDMVIEW 

Typical Applications (Continued) 

Orde,ing Info"'!'atlon 
LM137HVH 
Lm237HVH 

. LM337HVH 
, Sn Packlge H03B 

TO-39 
Metal Can Package 

Cl
~ ADJUSTMENT 

@I~OUTPUT 

INPUT 

CASE IS INPUT 

IOTTOM VIEW 

Adjustable High Voldg. Regulator 

+51V-.... --, 

~~~""_-UVTD"7V 

p:::.:.t--+---UVTD-47V 

-Iov-",_--I 

*The 10 "F capacitors ore optional to improve ripple rejection 

Cumint Reguiltor 

1.2S0V 
lOUT = -;;i1 

·o.sn ~ Al ~ 120n 

Negative Regulato; With Pl'<ltection Diodes 

-Vll_ ..... ___ .... 

*WHen CL is larger than 20 "F. D1 prOtectl 
the LM137HV II case the input supplV II shorted 

**Whln C2 i. largar than 10 "F and -VOUT II 
larger than -25V. D2 protects tha LM137HV 
In ca .. the output Is shorted . 

Adjustable Current Regulator 

(1.5V) 
lOUT = R1 "5% adjustable 

High Stability -40V ROgulator 

*U .. reslltors with good tracking TC < 26 ppmf C 
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Typical Performance Characteristics (H and K-STEEL Package) 
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~National . 
~ Semiconductor 

Voltage Regulators 

LM138/LM238/LM338 
~ Amp Adjustable Power Regulators 
General Description 
The LM138/LM238/LM338' are. adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of SA over a 1.2V to 32V output range. They are 
exceptionally easy to use and require only 2 'resistors 
to set the output voltage. Careful circuit design has 
resulted in outstanding load and line regulation -
comparable to many commercial power supplies. Thel 
LM138 family is supplied in a standard 3-lead transistor 
package. 

A·unique feature of the LM138 family is time-dependent 
current limiting. The current limit circuitry allows 
peak currents of up to 12A to be drawn from the 
regulator for short periods of. time. This allows the 
LM138 to be used with heav,y transient loads and 
speeds start-up under full-load conditions .. Under" sus
.tained loading 'conditions, the current limit decreases 
to a safe value protecting the regulator. Also included 
on the chip are ·ti:1ermal overload protection and safe 
area protection for the power transistor. Overload 
protection remains functional even if the adjustment 
pin is accidentally disconnected. ' . 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 

Typical Applications 

very high ripple reje~tions ratios which are difficult 
to achieve with standard 3-terminal regulators.-

Besides replacing fixed regulators or discrete designs, 
the LM138 is useful in a wide variety of other applica
tions, Since the regulator is "floating" and sees only the 
input·to-output differential voltage, suppl ies of several 
hundred volts can be regulated as long as the maximum 
input to output differential is not exceeded. 

,,' 

The LM138/LM238/LM338 are packaged in standard 
steel TO-3 transistor packages. The LM 138 is rated for 
.operation from -SSoC to +lS0°C, the LM238 from 
-2SoC to +lS0°C and the LM338 from Oo.C to +12SoC. 

Features 
• Guaranteed 7 A peak output current 

• Guaranteed SA output current 

• Adjustable output down to 1.2V 

• Line regulation typically O.OOS%/\/ 

• Load regulation typically 0.1 % 

• Guaranteed thermal regulation 

• Current limit constant with temperature 

• , 100% electrical burn-in in thermal limit 

• Standard 3-lead transistor packag~ 

1_2V-2SV Adjustable Regulator 'lOA Regulator 
Regulator and Voltage 

Reference' 

• '.1 

• 01 

LM33B 

Your = 15V 

V,N - ... -W'lr---< ..... --I----1 OUTPUT* 
12VTOZOV 

VREF z6.95V 

01 

tOPtional~improves transient response. 
Output capacitors in the range of 1 ~F Cl 
to 1000 .uF of aluminum or tantalum lliF 

electrolytic are commonly used to 
provide improved' output impedance 
. and rejection of transients. 
*Needed if device -is far from' filter 
capacitors. 

ttVOUT = 1.25V· (1 + R2) 
. R1 

"R1 = 240n for LM138 and LM238 
R 1, R2 as an assembly 
can be ordered from 
Bourns: 
MIL parr no. 7105A-AT2-502 
COMM part no. 7105A-AT7-502 

+ 

*Minimum load-100 rnA 
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Absolute Maximum Ratings Preconditioning 
Power Dissipation I nternally limited Burn·ln in Thermal Limit All Devices 100% 
Input-Output Voltage Differential 35V 
Operating Junction Temperature Range 

LM138 -55·C to +150·C 
LM238 -25·C to +150·C 
LM338 O'C to +125·C 

Storage Temperature -6S· C to +lS0· C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics (Note 1) 

LM138/LM238 LM338 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Line Regulation TA = 2S"C, 3V s: VIN - VOUT S 3SV, 0.005 0.Q1 O.OOS 0.03 %/V 

INote2) 

Load Regulation TA = 25"C. 10 mAS IOUTS5A 

VOUT S SV. INote 2) 5 15 5 25 mV 

VOUT? 5V, INote 21 0.1 0.3 0.1 0.5 % 

Thermal Regulation Pulse = 20 ms 0.002 0.Q1 0.002 0.02 %/W 

Adjustment Pin Current 45 100 45 100 ~A 

Adjustment Pin Current Change 10mASILS5A 0.2 5 0.2 5 ~A 

3V S IVIN - VOUT} S 35V 

Reference Voltage 3 S IVIN - VOUT) S 35V, INote 3) 1.19 1.24 1.29 1.19 1.24 1.29 V 

10 mA S lOUTS 5A. P S 50W 

Line Regulation 3V S VIN - VOUT S 35V. INote 2} 0.02 0.04 0.02 0.06 %/V 

Load Regulation 10 mA S lOUT S 5A, INote 2) 

VOUTS5V 20 30 20 50 mV 

VOUT?5V- 0.3 0.6 0.3 1.0 % 

Temperature Stability TMIN S Tj S TMAX 1 1 % 

Minimum Load Current VIN - VOUT = 35V 3.5 5 3.5 10 mA 

Current Limit VIN - VOUT S 10V 
DC 5.0 8 5.0 8 A 

0.5 ms Peak 7 12 7 12 A 

VIN - VOUT = 30V 1 1 A 

,RMS Output Noise, % of VOUT TA = 25·C, 10 Hz <: f S 10 kHz 0.003 0.003 % 

Ripple Rejection Ratio VOUT= 10V,f= 120Hz 60 60 dB 

CAOJ = 10~F 60 75 60 75 dB 

Long Term Stability TA=125·C 0.3 1 0.3 1 % 

Thermal Resistance, Junction K Package 1.0 1.0 °C/W 

to Case 

Noto 1: Unless otherwise specified, these specifications apply -SS·C :s. Tj :s. +150·C for the LM138, -25·C :s. Tj :s. +150·C for the LM238 and 
oDe ~ Tj ::;, +12SoC for the LM338. VIN - VOUT "" 5V and lOUT"" 2.SA. Although power dissipation is internally limited, these specifications 
are applicable for power dissipations up to SOW. ' 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into account sep-
arately by thermal regulation. ' 

Note 3: Selected devices with tightened tol,erance reference voltage available. 

Typical Performance Characteristics 
Current Limit Current Limit Current limit 

14 16 14 

If,rRI'L'oAD'~ IIIIII II 
PRELOAD CURRENT' 0 --- PEAK CURRENT LIMIT 

IZ ~ 
TCASj ili~;cH - -- DC CURRENT LIMIT IZ ..... _ T CASE' Z5°C ~IJ.lLriPR ELOAO·IA 

5 10 - 5 IZ fo -: PR,LOAr' 0;, 
5 10 ... VI~yOUT' 10V 0- ... PRtLbhID~ i:i i i:i 

~ 
8 - ..... V:~~VOUT· 15V "- " r-t PRELrAD 13~1 

~ 
8 

PR~L6AD ~'IA 8 ~ PRELOAD' 5A-
5 6 

I~~~~vo~ 5 I "'\ .\ I I I 0- 6 

111111111 I\. ~PIRELrAD rA " ~ 4 ~ f := 4 

r0- c 4 

~""I ... 
g 

VIN' I~'V'" 
Z VIN-VOUP 30V Z VOUT" 5V 

0 
1111111 11111111 

0 
~ T CASE ~,~,~: C 

0 
0.1 1.0 10 100 0 10 ZO 30 40 0.1 I 10 100 

TIME Ims) INPUT·OUTPUT DIFFERENTIAL (V) TIME (msl 
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Typical Performance Characteristics (Continued) 
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Application Hints 

In operation, the LM138 develops a nominal 1.25V 
reference voltage, VREF, between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R 1 and, since the voltage is con· 
stant, a constant current 11 then flm.ys through the 
output set resistor R2, giving an output voltage of 

LM338 

FIGURE 1 

Since the 50 !lA current from the adjustment termi,nal . 
represents an error term, the LM138 was designed to 
minimize IADJ and make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini· 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

, Ext~rnal Capacitors 

An input bypass capacitor is recommended. A 0.1 I/F 
disc or 1 !IF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust· 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM138 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10 !IF bypass capac
itor 75 dB ripple rejection is obtainable at any output 
level. Increases over 20 !IF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging th~ device. 

In general, th~ best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25 !IF in aluminum electro· 
lytic to equal 1 !IF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies, 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01 !IF 
disc may seem to. work better than a 0.1 !IF disc as 
a bypass. 

1·71 

Although the LM 138 is stable with no outout capacitors, 
like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. This occurs 
with values between 500 pF and 5000 pF. A 1 I/F 
solid tantalum (or 25 !IF aluminum electrolytic) on the 
output swamps this effect and insures stability. 

Load Regulation 

The LM 138 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con· 
nected between the adjustment terminal and the output 
terminal (usually 240n) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectively in series 
with the reference and degrading regulation. For exam· 
pie, a 15V regulator with 0.05n resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.05n x I L. If the set resistor is con· 
nected near the load the effective line resistance will be 
0.05n (1 + R2/R 1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu
lator and 240n set resistor. 

LM338 
I RS 

VIN VOUTLt-'VI"",,,,-VOUT 
AOJ 'I 

RI' 
, 120 

FIGURE 2. Regulator with Line Resistance 
in Output Lead 

With the TO·3 package, it is easy to minimize the resis· 
tance from the case to the set resistor, by using 2 sep· 
arate leads to the case. The ground of R2 can be returned 
near the ground of the load to provide remote ·ground 
sensing and improve load regulation. 

Protecti~n Diodes 

When external capacitors are used with any IC regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 20 !IF capacitors 
have low enough internal series resistan1:e to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the IC. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of VIN. In the LM138 this discharge path is through 
a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive 



Application Hints (Continued) 

regulators. For output capacitors of 100 (.IF or less 
at output of 15V or less, there is no lJeed to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 
occurs when either the input or output is shorted. 
Internal to the LM138 is a 50n resistor which limits 
the peak discharge current. No protection is needed 
for output voltages of 25V or less and 10 (.IF capac· 
itance. Figure 3 shows an LM138 with protection 
diodes included for use with outputs greater than 
25V and high values of output capacitance. 

Schematic Diagram 

V,. 

01 
, .. 002 

1-1 .......... --.... -Vour 

01 protects against C1 
02 protects against C2 

VOUT = 1.2SV (1 + :~) + R21AOJ 

°R1 = 240(1 for LM138 and LM238 
FIGURE 3. Regulator with Protection Diodes 

r---~-------t------.------t------'-~~----------------------------~'----------1"""~----VI' 

0" , 
L--4~--4-------~--'-~~~--~--'--4~~--~----~------~--~~------------------~--'-~Vour 

V,. 

Typical Applications (Continued) 

Temperature Controller 

lMl38 

I--.... --------~ ..... VOUT 

R2 .. 

V,N 

Light Controller 

1-72 

L----------------------------------------AOJ 

V,N 

Precision Power Regulator with 
Low Temperature Coefficient 

lMJJB 

I---~----__ ----..... - Your _ 4V 

Uk 

lMJl6'.a~--~ 

01 

'" 

.2 
" 

* Adiust for 3.7SV across R1 OUTPUT 
ADJUST ':'" 



Typical Applications (Continued) 

V,. 

Slow Turn-ON 15V Regulator 

~~ ________ -,_~~~T 
L.......::r-..J 

C1 
10DjJF 

'Rl = 2400 for LM138 and LM238 

Digitally Selected Outputs 

LMJJ8 

lN4002 

V,.---------( V,N VDUTI------~ VDUT 
ADJ 

INPUTS 

R' .... 
'" 

Adjustable Regulator with Improved 
Ripple Rejection 

V'N 

tSolid tantalum 

*Oischarges Cl if output is shorted to ground 

,oRl = 24011 for LM138 and LM238 

V'N 
I5V 

High Stability 10V Regulator 

LM329B 

R3 
267 
1% 

15A Regulator 

LMJ38 R5 
0.1 

r---------------IV'N ADlDUTt--WV-.., 

Rl 
0.05 

V'N --.... -'II""'-1~----.... ---l 

"2 
0.1 

LMlJ8 
R' 
2k R6 

0.1 

*Sets maximum VOUT t---------------.... --~.-- VDUT' 

"Rl = 2400 for LM138 and LM238 

VIN1V-J5V 

5V Logic Regulator with 
Electronic Shutdown" • 

.... t-~,....~3UT 
'---'T'--""" 

Cl 
10pF 

I-I-""'''''''-TTL 

'R 1 = 24011 for LM 138 or LM238 
-Minimum output ~ 1.2V 

+ 
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*Minimum load-100 rnA 

o to 22V Regulator 

V,N 
25V 

lM113 
UV 

R3 
680 

-IOV 

Rl' 
120 

. 'Rl=240I1, R2 = 5k for LM138 and LM238 

C2 
22J,1F 



Typical Applications (Continued) 

V,N 

.00 

VIN:::: lOV LM338 

0.1 >IF 

AI 
Jk 

Adjustable Current Regulator 

AJ 

"0 

V
-5VTO -IOV 

5A Current Regulator 

V,N 

12V Battery Charger 

A6 
0.2 

+ 

TO 12V 
BATTERY 

Precision Current Limiter 

V,N ..... ~""I'v-..... -lOUT = * * 
'--T'--' 

'0.4::; R1 ::; 12011 

Tracking Pre regulator 

V,N 

Adjusting Multiple On-Card Regulators 
with Single Control * 

tMinimum load-l0 rnA 

* All outputs within ± 100 mV 

1-74 

A2 
120 

Your 

A3 
120 



Typical Applications (Continued) 

Adjustable 15A Regulator 

0.1 
V,N-...... ~-I 

t-,....""'rv-... -- 4 5V TO 25V 

5k 

5k 

Simple 12V Battery Charger 

Power Amplifier 

.----.... ----------.... - .... -35V 

tOOk 

AV ~ 1, RF ~ 10k, CF ~ 100 pF 
AV ~ 10, RF ~ lOOk, CF ~ 10 pF 
Bandwidth 2: 100 kHz 
Distortion::; 0.1% 

Current Limited 6V Charger 

VIN 
gV TO JOV 

IUnOpF-' 

LMJ38 

VIN VOUTt---1>---, 
AOJ 

"0 

lM338 

+ 

* Rs-sets output impedance of charger ZOUT = RS (1 + :~) 
Use of RS allows low charging rates with fully 
charged battery. 

*-The 1000 ~F is recommended to filter out 
input transients 

Connection Diagram 

Metal Can Package 

BOTTOM VIEW 

Order Number 
LM138K STEEL 
LM238K STEEL 
LM338K STEEL 

See NS Package K02A 
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·Sets max charge current to 3A 

**The 1000 ~F is recommended to filter Qut 
input transients 



~National 
~ Semiconductor 

Voltage Regulators 

LM140AlLM140/LM340A/LM340 Series 
3-Terminal Positive Regulators' 
General Description 

The LM140A/LM 140/LM340A/LM340 series of positive 
3-terminal voltage regulators are designed to provide 
superior performance as compared to the previously 
available 78XX series regulator_ Computer programs 
were used to optimize the electrical and thermal perfor
mance of the packaged IC which results in outstanding 
ripple rejection, superior line and load regulation in high 
power applications lover 15W). 

With these advances in design, the LM340 is now guarar)
teed to have line and load regulation that is a factor of 
2 better than previously available devices_ Also, all 
parameters are guaranteed at 1 A vs 0_5A output current_ 
The LM140A/LM340A provide tighter output voltage 
tolerance, ±2% along with 0_01%N line regulation and 
0.3%/A load regulation, 

Current limiting is included to limit peak output current 
,to a safe value. Safe area protection for the output 
transistor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over limiting die temperature. 

Considerable effort was expended to make the LM 140-XX 
series of regulators easy to use and minimize the, number 
of external components. It is not necessary to bypass the 
output, although this does improve transient response_ 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

Although designed prima~ilY as fixed voltage regulators, 
these devices can be used with external components to 
obtain adjustable voltages and currents. 

The entire LM140A/LM140/LM340A/LM340 series of 
regulators is available in the metal TO-3 power package 
and the LM340A/LM340 series is also available in the 
TO-220 plastic power package. 

Typical Applications 

For output voltages other than 5V, 12V, and 15V, 
the LM 117 series provides an output voltage range 
from +1.2V to +57V_ 

Features 
• Complete specifications at 1 A load 
• Output voltage' tolerances of ±2% at Tj = 25°C and 

±4% over the temperature range (LM140A/LM340A) 

• Fixed output voltages available 5, 12, and 15V 

• Line regulation of 0_01% of VOUTN L:.VIN at 1A 
load (LM140A/LM340A) 

• Load regulation of 0.3% of VOUT/A L:.I LOAD 
(LM140A/LM340A) 

• I nternal thermal overload protection 
• Internal short-circuit current limit 
• Output transistor safe area protection 

• ' 100% thermal limit burn-in 
• Special circuitry allows start-up even if output is 

pulled to negative voltage (± supplies) 

LM140 Series Package and Power Capability 

RATED DESIGN 
DEVICE PACKAGE POWER LOAD 

DISSIPATION CURRENT 

LM140 
TO-3 20W 1.5A. 

LM340 
LM340T TO-220 15W 1.5A 
LM341 TO-202 7.5W O.5A 
LM342 TO-202 7.5W O.25A 

LM140L 
TO-39 LM340L 2W O.lA 

LM340L TO-92 1.2W O.1A 

Fixed Output Regulator Adjustable Output Regulator CUrrent Regulator 

INPUT 11 LM340.XXt-12;...--.=o",UT;,,;P;;;U_;T 

I . 3 GNO .1 
Cl*..L. O.22"F.T T C2** 

*Required if the regulator is located far from 
the power supply filter 

** Although no output capacitor is needed for 
stability. it does help transient response. (If 
needed, use 0.1 ",F. ceramic disc) 

INPUT 1 I 12 OUTPUT 
.;;,;;,,;~-"-tl LM340-5.0 1t-=---1~""-

3\ 
"--...... 

Rl 

VOUT = 5V + (5V/Rl + 101 R2 

5V/Rl > 310, load regulation (Lrl '" 
[(Rl + R21/Rl] (Lr of LM340-51 
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V2-3 
IOUT= R1 + 10 

Rl 

OUTPUT 

Ala = 1.3 rnA over line and load changes 



Absolute Maximum Ratings 
Input Voltage (VO = 5V, 12V, 15V) 35V 

, Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range (T A) 

LMl40A/LMl40 -55°Cto + 125·C 
LM340A/LM340 O·Cto +70°C 

Maximum Junction Temperature 
(TO-3 Package K, KC) 150·C 
(TO-220 Package n 125·C 

Storage Temperature Range -65°Cto +l50·C 
Lead Temperature (Soldering, 10 Seconds) 

TO-3 Package K, KC 300·C 
TO-220 Package T 230·C 

Electrical Characteristics LM140A/LM340A (Note 2) 
IOUT=lA,-55·C" TJ" + 150·C (LM140A), or o·c" TJ" +125"C (LM340A) unless otherwise specified. 

OUTPUT VOLTAGE IV 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V ltV 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Tj=25'C 4.9 5 5.1 11.75 12 12.25 14.7 15 15.3 V 
Vo Output Voltage PD" 15W,5mA .. 10" lA U 5.2 11.5 12.5 14.4 15.8 V 

VMIN" VIN .. VMAX (7.5 .. VIN .. 20) (14.8 .. VIN .. 27) (17.9 .. VIN .. 30) V 

10=5OOmA 10 18 22 mV 
aVIN (7.5 .. VIN .. 20) (14.8 .. VIN .. 27) (17.9 .. VIN .. 30) V 

Tj=25'C 
, 

3 10 4 18 4 22 mV 
avO Line Regulation aVIN (7.3 .. VIN .. 20) (14.5 .. VIN .. 27) (17.5 .. VIN .. 30) V 

Tj=25'C 4 9 10 mV 
Over Temperature 12 30 30 mV 
a VIN (8 ... VIN" 12) (18 .. VIN .. 22) (20 .. VIN .. 26) V 

. . I SmA .. 10" 1.5A 10 25 12 32 12 35 mV 
avo Load Regulation TJ = 25 C 250 mA .. 10" 750 mA 15 19 21 mV 

Over Temperature, 5 mA .. 10" lA 25 80 75 mV 

IQ Quiescent Current 
Tj=25'C 6 6 6 mA 
Over Temperature 6.5 6.5 6.5 mA 

5mA .. 10 .. 1A 0.5 0.5 0.5 mA 

Quiescent Current 
TI=25'C,10=lA 0.8 0.8 0.8 mA 

alQ Change VMIN" VIN .. VMAX (7.5 .. VIN" 20) (14.8 .. VIN .. 27) (17.9 .. VIN .. 30) V 

10=5OOmA 0.8 0.8 0.8 mA 
VMIN .. VIN" VMAX (8 .. VIN" 25) (15 .. VIN .. 30) (11.9 .. VIN .. 30) V 

VN Output Noise Voltage TA=25'C,10 Hz .. I .. 100kHz 40 75 90 ~V 

Tj =25'C, 1= 120 Hz, 10= lA or 68 60 61 72 80 70 dB 

aV~~T Ripple Rejection 

f= 120 Hz, 10=500 mA' 68 61 60 dB 

Over Temperature, 
VMIN .. VIN .. VMAX (8 .. VIN" 18) (15 .. VIN .. 25) (18.5 .. VIN .. 28.5) V 

Dropout Voltage Tj=25'C,10=lA 2.0 2.0 2.0 V 
Output Resistance 1=1 kHz 8 18 19 mil 

RO Short-CIrcuit Current Tj=25'C 2.1 1.5 1.2 A 
Peak Output Current Tj=25'C 2.4 2.4 2.4 A 
Average TC 01 Vo Min, Tj =O'C, 10=5mA -0.6 -1.5 . -1.8 mV/'C 

Input Voltage 
VIN Required to 

Tj'=25'C 7.3 14.5 17.5 v 
Maintain Line 
Regulation 

Note 1: Thermel resistance o! the TO-3 package (K, KC) Is typically 4' C/W junction to case and 35' C/W case to ambient. Thermal resistance 
o! the TO·220 package (T) Is typically 4 'C/W junction to case and 50' C/W case to ambient. 

Not. 2: All characteristics are measured with a capacitor across the Input 01 0.22 ~F and a capacitor across the output 01 0.1 ~F. All 
characteristics except noise voltage and ripple relectlon ratio are measured using pulse techniques (tw" 10 ms, duty cycle .. 5'10). Output 
voltage changes due to changes In Internal temperature must be taken Into account separately. 
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Electrical Characteristics LM140 (Note 2) - 55·C " TJ" + 150·C unless otherwise noted. 

" 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unle •• otherwl.e noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Tj=25·C,5mA .. 10" lA 4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 V 
Vo Output Voltage 

PO" 15W, 5 mA" 10< lA 4.75 5.25 11.4 12.6 14.25 15.75 V 
VMIN" VIN .. VMAX (8 .. ViN" 20) (15.5 .. VIN .. 27) (18.5 .. VIN .. 30) V 

Tj=25·C 3 SO 4 120 4 ISO mV 

A VIN (7," VIN .. 25) (14.5 .. VIN .. 30) (17.5 .. VIN .. 30) V 
lo=5OOmA 

-55·C .. Tj" +150·C 50 120 150 mV 
A VIN (8 .. VIN" 20) (15 .. VIN .. 27) (18.5 .. VIN .. 30) V 

AVO Line Regulation 
Tj =25°C SO 120 150 mV 
A VIN ' (7.3 .. VIN .. 20) (14.6 .. VIN .. 27) (17.7 .. VIN .. 30)' V 

10" lA 
..,55·C .. Tj" +ISO·C 25 60 75 mV 
A VIN (8 .. VIN" 12) (16 .. VIN .. 22) (20 .. VIN .. 26) V 

Tj=25·0 5mA" IO .. I.5A 10 50 12 120 12 150 mV 
250 mA .. Ip .. 750 mA 25 60 75 mV 

AVO Load Regulation 
-'55·0 .. Tj'''':+150·C.5mA''10''' lA 50 120 150' mV 

IQ Quiescent Currenl 10 .. IA Tj=25·C 6 6 6 mA 
-55·C .. TI" + lSO·0 7 7 7 mA 

5mA .. 10" lA 0.5, 0,5 0,5 mA 

Quiescent Cur~ent Tj=25·0, 10" lA 0.8 0.8 0.8 mA 
AIQ Change VMIN" VIN .. VMAX (8 .. VIN" 20) (15 .. VIN .. 27) (18.5 .. VIN .. 30 V 

10" SOOmA, -55·C .. Tj" + 150·0 0.8 0.8 0.8 mA 
VMIN" VIN .. VMAX (8 .. VIN" 25) (15 .. VIN .. 30) (18.5 .. VIN .. 30) V 

VN Output Noise Voltage TA=25·0, 10 Hz .. I .. 100 kHz 40 75 90 ~V 

{IO" lA, Tj=25·0 or 68 80 61 72 60 70 dB 
AVIN ' 1=120Hz 10" SOOmA, ' 68, 61 60 dB 

AVOUT Ripple Rejection -55·, .. Tj" +150·0 
VMIN .. VIN .. VMAX (8 .. VIN" 18) (15 .. VIN" 25) (18.5 .. VIN .. 28.5) V 

Dropout Voltage Tj-25·0"IOUT=IA 2.0 2.0 2.0 V 
Output Resistance 1=1 kHz 8 18 19 mQ 

RO Short·Clrcuit Ourrent' Tj=25·0 2.1 1.5 1.2 A 
Peak Output Ourrent Tj=25·0 2.4 2.4 2.4 A 
Average TC 01 VOUT 0·0 .. Tj" +150·0, 10=5mA -0.6 -1.5 -1.8 mV/oO 

Input Voltage 
TI=25·0, 10" lA, VIN Requ,lred to Maintain 7.3 ' 14.6 17.7 V 

LI~e Regulation 

Note 2: All characteristics are measured with a capacitor across the input 01 0.22 ~F and a capacitor across the output 01 0.1 ~F. All 
chllracterlstlcs except noise voltage and ripple relectlon ratio are measured using pulse techniques (tw " 10 ms, duty cycle .. 5%). Output 
voltage changes due to changes In Internal temperature must be taken into account separately. 

• 
~ 
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Electrical Characteristics LM340 (Note 2) o·c ~ Tj ~ + 125·C unless otherwise noted. 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VO~ TAGE (unless otherwise noted) 10V 19V 23V. UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Tj=2S·C,5mA" 10" lA 4:8 5 5.2 11.5 12 12.5 14.4 15 15.6 V 

Vo Oulput Voltage PD" 15W, 5 mA " 10" lA 4.75 5.25 11.4 12.6 14.25 15.75 V 

VMIN " VIN " VMAX (7" VIN" 20) (14.S" VIN " 27) (17.5" VIN " 30) V 

Tj=2S·C 3 50 4 120 4 ISO mV 
6VIN (7" VIN" 25) 114.S" VIN " 30) (17.5" VIN " 30) V 

10=500 mA 
O·C" Tj" + 12S·C 50 120 ISO mV 
6VIN (8" VIN" 20) lIS" VIN " 27) (18.5" VIN " 30) V 

6VO Line Regulation Tj=25·C SO 120 ISO mV 
6VIN (7.3" VIN .. 20) (14.6" VIN " 27) (17.7 .. VIN " 30) V 

10" lA O·C" Tj" + 12S·C 2S 60 7S mV 
6VIN (8 .. VIN" 12) (16 .. VIN " 22) (20" VIN " 26) V 

Tj=2S·C SmA" 10" 1.S A 10 SO 12 120 12 ISO mV 
6VO Load Regulation 2S0 mA .. 10" 7S0 mA 2S 60 75 mV 

SmA" 10" lA, O·C" Tj" +12S·C SO 120 ISO mV 

IQ Quiescent Current 10" lA 
Tj =2S·C 8 8 .8 mA 
O·C" Tj" +12S·C 8.S a.s 8.S mA 

SmA"IO,,'A O.S O.S O.S mA 

Quiescent Current Tj=2S·C, 10" lA 1.0 1.0 1.0 mA 
61Q Change VMIN .. VIN .. VMAX (7.S" VIN ,. 20) (14.8 .. VIN " 27), (17.9,. VIN ,. 30) V 

10" SOO mA, O·C" Tj" +12S·C 1.0 1.0 1.0 mA 
VMIN .. VIN ,. VMAX (7" VIN" 25) (14.S" VIN .. 30) (17.S" VIN " 30) V 

VN Output Noise Voltage TA=2S·C, 10Hz,. I" 100kHz 40 75 90 ~V 

{ 10" lA, Tj =2S·C or 62 80 S5 72 S4 70 dB 

6~IN Ripple Reject;on 1 = 120 Hz 10" SOO mA, 62 5S S4 dB 
6 OUT O·C"Tj" +12S·C 

VMIN " VIN " VMAX (8 .. VIN" 18) (15" VIN"" 2S) (1a.S" VIN " 28.S) V 

Dropout Voltage Tj=25·C,IOUT=1A 2.0 2.0 2.0 V 
Output Resistance 1= I kHz 8 la 19 mQ 

RO Short·Circuit Current Tj=2S·(: 2.1 1.S 1.2 A 
Peak Output Current Tj=2S·C 2.4 2.4 .2.4 A 
Average TC 01 VOUT O·C"Tj" +12S·C,10=SmA -0.6 -1.S -1.8 mVl·C 

Input Voltage 
VIN . Required to Maintain Tj=25·C, 10" lA 7.3 14.6 17.7 V 

Line Regulation 

Note 2: All characteristics are' measured with a capacitor across the input 01 0.22 ~F and a capacitor across the output 01 O. I ~F. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw" 10 ms, duty cycle" S%). Output 
voltage changes due to changes In internal temperature must be taken into account separately. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

a 

Load Regulation 
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Application Hints 

The LM340 is designed with thermal protection, O\ltput 
short·circuit protection and output transistor safe area 
protection. However, as with any Ie regulator, it becomes 
necessary to take precautions to assure that the regulator 
is not inadvertently damaged. The following describes 
possible misapplications and methods to prevent damage 
to the regulator. . 

Shorting the Regulator Input: When using' large capaci· 
tors at the output of these'regulators, a protection diode 
connected input to output (Figure 1) may be required if 
the input is shorted to ground. Without the protection 
diode, an input short will cause the input to rapidly 
approach ground potential, while the output remains 
near the initial VOUT because of the stored charge in 
the large output capacitor. The capacitor will then 
discharge through a large internal input ·to output 
diode and parasitic transistors. If the energy released 
by the capacitor is large enough, this diode, low current 
metal and the regulator will -be destroyed. The fast 
diode in Figure 1 will shunt most of the capacitor's 
discharge current around the regulator. Generally no 
protection diode is required for values of output capac· 
itance .;; 1 OIlF. 

0 
I~ 
I ...... 

IN4002 

VIN 
, 

340 I vOUT 

1 
- I I 

II --= Y''"' 
FIGURE 1. Input Short 

Raising the Output Voltage above the Input Voltage: 
Since the output of the LM340 does not sink current, 
forcing the output high can cause damage to internal 
low current paths in a. manner similar to that just 
described in the "Shorting the Regulator Input" section. 

Regulator Floating Ground (Figure 2): When the ground 
pin alone becomes disconnected, the output approaches 
the unregulated input, causing possible damage to other 
circuits connected to VOUT. If ground is reconnected 
with power "ON", damage may also occur to the regula· 
tor. This fault is most likely to occur when plugging in 
regulators or modules with on' card regulators into 
powered up sockets. Power should be turned off first, 
thermal limit ceases operating, or ground should be 
connected first if power must be left on. 

Transient Voltages: If transients exceed the maximum 
rated input voltage of the 340, or reach more than O.BV 
below ground and have sufficient energy, they will 
damage the' regulator. The solution is to use a large 
input capacitor, a series input breakdown diode, a choke, 
a transient suppressor or a combination of these. 

VIN 

I I 340 I I 
VOUT 

I 

T f r 
FIGURE 2. Regulator Floating Ground 

VIN--4I ..... --t' 340 I ''-----,..-----' , 
VOUT 

...L 

"'" I 
I 

...L 

FIGURE 3. Transients 
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Connection Diagrams 

TO-3 Metal Can Package IK and KC) 

BOTTOM VIEW 

Steel Package Order Numbers: 

LM140AK-5_0 LM140K-5_0 LM340AK-5_0 LM340K-5_0 
LM140AK-12 LM140K-12 LM340AK-12 LM340K-12 
LM140AK-15 LM140K-15 LM340AK-15 LM340K-15 

See Package K02A 

Aluminum Package Order Numbers: 

LM340KC-5_0 
LM340KC-12 
LM340KC-15 

See Package KC02A 
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TO-220 Power Package IT) 

~"--"-----lI" II ~:i.::' 
TOPVIEW 

Plastic Package Order Numbers: 

LM340AT-5_0 LM340T-5_0 
LM340AT-12 LM340T-12 
LM340AT-15 LM340T-15 

See Package T03B 
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~ National' Voltage Regulators 
~ Semiconductor 
LM140ULM340L Series 3-Terminal Positive Regulators 
General Description 
The LM 140L series of three terminal positive regulators 
is available with several fixed output voltages making 
them useful in a wide range of applications. The 
LM140LA is an improved version of the LM78LXX 
series with a tighter output voltage tolerance (specified 
over the full military temperature range), higher ripple 
rejection, better regulation and lower quiescent current. 
The LM 140LA regulators have ±2% VOUT specification, 
0.04%1V line regulation, and O.Ol%/mA load regulation . 
When used as a zener diode/resistor combination replace· 
ment, the LM 140LA usually results in an effective output 
impedance improvement of two orders of magnitude, 
and lower quiescent current. These regulators can 
provide local on card regulation, eliminating the distribu· 
tion problems associated with single point regulation. 
The voltages available allow the LM140LA to be used in 
logic systems, instrumentation, Hi-Fi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators, these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM140LA/LM340LA are available in the low pro
file metal three lead TO·39 (H) and the LM340LA are 
also available in the plastic TO-92 (Z). With adequate 
heat sinking the regulator can deliver 100 mA output 
current. Current limiting is included to limit the peak 
output current to a safe value. Safe area protection for 
the output transistor is provided to limit internal power 
dissipation. If internal power dissipation becomes too 

Equivalent Circuit 

high for the heat sinking provided, the thermal shut
down circuit takes over, preventing the Ie from over
heating. 

For application's requiring other voltages, see LMl17 
Data Sheet. 

Features 
• Line regulation of 0.04%1V 

• Load regulation of 0.01 %/mA 

• Output voltage tolerances of ±2% at TJ = 25°C and 
±4% over the temperature range (LM140LA) 
±3% over the temperature range (LM340LA) 

• Output current of 100 mA 

• I nternal thermal overload protection 

• Output transistor safe area protection 

• Internal short circuit current limit 
• Available in metal TO·39 low profile package 

'(LM140LA/LM340LA) and plasticTO·92 (LM340LA) 

Output Voltage Options 
LM140LA-5.0 
LM140LA-12 
LM140LA-15 

5V 
12V 
15V 

LM340I.A-5.0 
LM340LA-12 
LM340LA-15 

Connection Diagrams 

5V 
12V 
15V 

,-..-----1r--------------1>--..----..,.-<: '" TO-39 Metal Can Package (H) 

Rl RS 
l!9~ 18. 

"" '" 
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"" 221. 

"" " 
Order Number: 

LM140LAH·5.0 
LM140J-AH·12 
LM140LAH·15 

LM340LAH-5.0 
LM340LAH·12 
LM340LAH-15 

See Package H 03A 

TO·92 Plastic Package (Z) 

o""~'"' 

G~~~ 
Order Number: 
LM340 LAZ·5.0 
LM340LAZ·12 
LM340LAZ·15 

See Package Z03A 



Absolute Maximum Ratings 
Input Voltage 

5.0V, 12V, 15V Output Voltage Options 35V 
Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range 

LM140LA -55"Cto + 125"C 
LM340LA 0"Ct070"C 

Maximum Junction Temperature +150"C 
Storage Temperature Range 

Metal Can (H package) -65"Cto +150"C 
Molded TO·92 -55"to +150"C 

Lead Temperature (Soldering, 10 seconds) +300"C 

Electrical Characteristics (Note 2) 
Test conditions unless otherwise specified 
TA= -55"C to +125"C (LM140LA) 
T A = O"C to + 70"C (LM340LA) 
10=40 mA 
CIN = 0.33,AF, Co = O,01"F 

OUTPUT VOLTAGE OPTION 5.0V 12V 15V 

INPUT VOLTAGE (unless olherwlse noled) 10V leV 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Oulput Voltage Tj =25'C 4.9 5 5.1 11.75 12 12.25 14.7 15 15.3 

Output Voltage lM140lA 10=1-100mA 4.8 5.2 tl.5 12.5 14.4 15.6 
Over Temp. lM240lA 10= 1-40 mA and (7.2-20) (14.5-27) (17.6-30) V 
(Note 4) VIN=( )V 

10= 1-100 mA or 4.85 5.15 11.65 12.35 14.55. 15.45 
lM340lA 10 = 1-40 mA and (7-20) (14.3-27) (17.5-30) 

VIN=( )V 

AVO line Regulation 10,.40mA 18 30 30 65 37 70 

Tj,.25·C VIN=( )V (7-25) (14.2-30) (17.3-30) 

10=100mA 18 30 30 65 37 70 mV 

VIN=( )V (7.5-25) (14.5-30) (17.5-30) 

load Regulation Tj=25'C 10=1-40mA 5 20 10 40 12 50 

10=1-100 mA 20 40 30 80 35 100 

long Term 12 24 30 mV 
Stability 1000 hrs 

10 auiescent Tj=25'C 3 4.5 3 4.5 3.1 4.5 
mA 

Current Tj =125'C 4.2 4.2 4.2 

Ala aulescent ll.Load 10=1-40mA 0.1 0.1 0.1 

Current Change Tj =25'C ll.lIne 0.5 0.5 0.5 mA 

VIN=( )V (7.5-25) (14.3-30) (17.5-30) 

VN Output Noise Tj ,; 25'C (Note 3) 
40 80 90 ~V Voltage 1=10 Hz-10kHz 

AVIN Ripple Rejection 
1=120Hz,VIN=( )V 

55 62 47 54 45 52 
dB 

AVOUT (7.5-18) (14.5-25) (17.5-28.5) 

Input Voltage 
Required to Tj=25'C, 10=40 mA 7 14.2 17.3 V 
Maintain line 
Regulation 

Notal: Thermal resistance 01 the Metal Can Package (H) without a heat sink Is 40'CIW junction to case and 140'CIW junction to ambient. 
Thermal resistance 01 the TO·92 package Is 180'CIW junction to ambient with 0.4 Inch I\lads Irom PC board and 160'C/W junction to 
ambl\lnt with 0.125 Inch lead length to a PC board. 

Nola 2: The maximum steady state usable output current and Input voltage are very dependent on the heat sinking andlor lead length of the 
package. The dala above represent pulse test conditions with junction temperatures as Indicated at the Initiation of lests. 

Nol. 3: It Is recommended that a minimum load capacitor 01 O.Q1~F be used to limit the high Irequency nols8 bandwidth. 

Not. 4: The temperature coefficient of VOUT Is typically within O.Ol%VO/·C. 
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~National 
~ Semiconductor 

Voltage Regulators , 

LM145/LM345 Negative Three Amp Regulator 
General Description 
The LM145 is a three·terminal negative regulator with a 
fixed output voltage of -5V or -5.2V, and up to 3A load 
current capability. This device needs only one external 
component-a compensation capacitor at the output. 
making it easy to apply. Worst case guarantees on output 
voltage deviation due to any combination of line, load 
or temperature variation assure satisfactory system 
operation. 

Exceptional effort has been made to make the LM 145 
immune to overload conditions. The regulator has cur· 
rent limiting which is independent of temperature, 
combined with thermal overload protection. Internal 
current limiting protects against momentary faults while 
thermal shutdown prevents junction temperatures from 
exceeding safe limits during prolonged overloads. . 

Although primarily intended for fixed output voltage 
applications, the LM145 may be programmed for higher 

Schematic Diagram 

output voltages with a simple resistive divider. The low 
quiescent drain current of the device allows this tech· 
nique to be used with good regulation. 

The LM145 comes in a hermetic TO·3 package rated at 
25W. A reduced temperature range part LM345 is also 
available. 

Features 
• Output voltage accurate to better than ±2% 

• Current limit constant. with temperature 

• Internal thermal shutdown protection 

• Operates with input·output voltage differential of 2.SV 
at full rated load over full temperature range 

• Regulation guaranteed with 25W power dissipation 

• 3A output current guaranteed 

• Only one external component needed 

• 100% electrical burn·in 

Your 

03 
62V 

R20 
20k 

RI6 
0.05 

V'No---__ --~--__ ----_'--~~--~----_'----------------~~--__ ------------------__ ------~ 

Connection Diagram. 
Metal Can Package 

INPUT 
ICASE) 

BOTTQMVIEW 

Order Number LM145K·5.0, 
LM345K·5.0, LM145K·5.2, 

or LM345K·5.2 
Sao NS Packago K02A 

Typical Applications 

tRlqulfrd IOf slabflltv. far ,IIOf ,n"R, tapEllOI musl be H111d unt.lum. SIWF 
aluminum eleclrolytlc may b, 5ub5tltuted. Values glun may b. Inc,used With 
out IImll. 

eAeqlulld,I ,eguillor Issepar.tldlromllltercaPICI!OI.FoIYllulglnn, 
tlpaciiol must be sohd lantalum. SU)lF Ilummum eleetlolYllc may be 
subn,luted 

Fixed Regulator 
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Absolute Maximum Ratings 

Input Voltage 20V 
Input·Output Differential 20V 
Power Dissipation Internally Limited 
Operating Junction Temperature Range 

LM145 -55°C to +150°C 
LM345 O°C to +125°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

i;lectrical Characteristics (-5V & -5.2V) (Note 1) 

LIMITS 

PARAMETER CONDITIONS LM145 LM345 UNITS 

MIN TYP MAX MIN TYP MAX 

Output Voltage Tj = 25°C, lOUT = 5 rnA, 
5.0V VIN = -7.5 -5.1 -5.0 -4.9 -5.2 -5.0 -4.8 V 
5.2V -5.3 -5.2 -5.1 -5.4 -5.2 -5.0 V 

~ine Regulation (Note 2) Tj = 25°C 5 15 5 25 mV 
-20V $ Y'N $ -7.5V 

Load Regulation (Note 2) T, = 25'C, Y'N = -7.5V 30 75 30 100 mV 
5 rnA $ lOUT $ 3A 

Output Voltage -20V $ Y'N $ -7.IIV 
5.0V 5 mA$loUT ~3A -5.20 -4.80 '-5.25 -4.75 V 
5.2V P$25W -5.40 -5.00 -5.45 -4.95 V 

TMIN $ Tj ~:rMA)( 

Quiescent Current -20V $ Y,N $ -7.5V 1.0 3.0 1.0 3.0 rnA 
5mA~ lOUT ~3A 

, 

Short Circuit Current Y'N = -7.5V, Tj = +25°C 4 5.5 4 5.5 A 
Y'N = -20V, Tj = +25°C 2 3.5 2 3.5 A 

Output Noise Voltage TA = 25°C, CL = 4.7,.,F 150 150 ,.,V 
10 Hz ~ f~ 100 kHz 

Long Term Stability 5 50 5 50 mV 

Thermal Resistance 2 2 °CIW 

Junction to Case 

Note 1: Unleas otherwise specified, theae ape.lfl.atlona apply: -55"C< TI<+15O"C for the LM145 and O"C< TI" +125"C lor the LM345. VIN = 7.5V and 
tOUT = SmA. Although power dlaalpatlon Is Intamally limited, electrical specifications apply only for power leve s up to 25W. For calculations of lunctlon 
temperature rlae due to power dissipation, use • thermal nsslstance 0135"CIW forth. T0-3 with no heat sink. With a heat sink, use 2"CIW for lunctlon to case 
thermal resistance. 
Nots 2: Regulation is measured at constant" junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. To enlure constant junction temperature, pulse testing with slow duty cycle is used. 

, 
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Typical Performance Characteristics 
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Typical Applications (Continued) 
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TANTALUM 

Villi - VOUT ~ 3V 

5V:.,. V+ _25V 
(UNREGULATED! 

High Stability Regulator 
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SHUTDOWN 
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T - TEMPERATURE I CI 
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-2V Eel Termination Regulator 
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Typical Applications (Continued) 
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~National 
~ Semiconductor 

Voltage Regulators 

LM150/LM250/LM350 
3 Amp Adjustable, Power Regulators 

General 'Description 
The LM 150/LM250/LM350 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 3A over a 1_2V to 33V output range_ They are 
exceptionally easy to use and require only 2 external 
resistors to set the output voltage_ Further, both line 
and load regulation are comparable to discrete designs_ 
Also, the LM 150 is packaged in standard transistor 
packages which are easily mounted and handled_ 

In addition to higher performance than fixed regulators, 
the LM150 series offers full overload protection available 
only in IC's_ Included on the chip are current limit, 
thermal overload protection and safe area protection_ 
All overload protection circuitry remains fully functional 
even if the adjustmen~ terminal is accidentally discon
nected_ 

Features 
II Adjustable output down to 1_2V 
II Guaranteed 3A output current 
II Line regulation typically 0_005%/V 
II Load regulation typically 0.1 % 
II Guaranteed thermal regulation 

.. Current limit constant with temperature 

II 100% electrical burn-in in thermal limit 

II Eliminates the need to stock many voltages 
II Standard 3-lead transistor package 
II 86 dB ripple rejection 

Typical Applications 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators or discrete designs, 
the LM 150 is useful in a wide variety of other applica
tions. Since the regulator is "floating" and sees only the 
input-to-output differential voltage, supplies of several 
hundred volts can be regulated as long as the maximum 
input to output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator,. or by 
connecting a fixed resistor between the adjustment and 
output, the LM 150 can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM150K/LM250K/LM350K are packaged in stand
ard steel TO-3 transistor packages. The LM350T is pack
aged in a TO-220 plastic package. The LM 150 is rated 
for operation from -55°C to +150°C, the LM250 from 
-25°C to +150·C and the LM350 from O°C to +125°C. 

'_2V-25V Adjustable Regulator 6A Regulator 
Regulator and Voltage 

Reference 

AI 
0.1 

A' 
0.1 

LMI5D LM150 

VIN VOUy-15V 

VI. - .... -'Wlr--~ ...... ---i-'----i OUTPUT 

VREF=8.95V 

01 

tOptional-improves transient response. 
OutpUt capacitors in the range of 1 JlF &1 

to 1000 SlF of aluminum or tantalum I,..F 

electrolytic are commonly used to 
provide improved output impedance 
and rejection of transients. 

*Needed if' device is far from filter 
capacitors. 

ttVOUT = 1.25V (1 + :~) 
Note. Usually R 1 = 240n for 
LM 150 and LM250 and 
R1 = 120n for LM350. 

+ 
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Absolute Maximum Ratings Preconditioning 
Power Dissipation Internally limited 

35V Input-Output Voltage Differential 
Operating Junction Temperature Range 

LM150 -55°C to +150°C 

L.:M250 -25"C to +150°C 
LM350 0°Cto+125°C' 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER 

Line Regulation 

Load Regulation 

Thermal Regulation, 

Adjustment Pin Current 

CONDITIONS 

T A = 2!lC, 3V S VIN - VOUT S 35V, 
(Note 2) 

TA = 25°C, 10 mA-:; lOUTS 3A 

VOUT S 5V, (Note 2) 

VOUT~ 5V, (Note 2) 

Pulse = 20 ms 

Adjustment ,Pin Current Change 10 rnA S I L S 3A 

3V S (VIN - VOUT) -:; 35V 

Referenc~ Voltage 3 S (VIN - VOUT) ~ 35V, (Note 3) 

10 mAS IOUTS3A, PS30W 

Line Regulation 3V S VIN - VOUT S 35V, (Note 2) 

Load Regulation 10 rnA S lOUT S 3A, (Note 2) 

VOUTS5V 

VOUT~ 5V 

Temperature Stability TMIN S Tj S TMAX 

Minimum Load Current VIN - VOUT = 35V 

Current limit VIN - VOUT S 10V 

VIN :... VOUT = 30V, Tj = +25°C 

RMS Output Noise, % of VOUT TA = 25°C, 10 Hz S f S 10 kHz 

Ripple Rejection Ratio VOUT = 10V, f = 120 Hz 

CADJ = 10pF 

Long Term Stability 

Thermal Resistance, Junction 

to Case 

TA= 125°C 

K Package 

T Package 

Burn-In in Thermal Limit 

LM15D/LM250 

MIN TYP MAX 

0.005 0.01 

5 15 

0.1 0.3 

0,002 0.01 

50 100 

0.2 5 

1.20 1.25 1,30 

0.02 0.05 

20 50 

0.3 1 

1 

3.5 5 

3.0 4.5 

0.3 1 

0.001 

65 

66 86 

0.3 1 

1.5 
3 4 

All Devices 100% 

LM350 
UNITS 

MIN TYP MAX 

0.005 0.03 %N 

5 25 mV 
• 0.1 0.5 % 

0.002 0.03 %IW 

50 100 pA 

0.2 5 JJ,A 

1.20 1.25 1.30 V 

0.02 0.07 %N 

20 70 mV 

0.3 1.5 % 
, ' 

1 % 

3.5 10 rnA 

3.0 4.5 A 

0.25 1 A 

0.001 % 

65 dB 

66 86 dB 

0.3 1 % 

1.5 °CIW 
3 4 °C/W 

Note 1: Unless otherwise specified, these specifications apply--55"C::; Tj::; +15o"C for the LMI50,-25"C::; Tj::; +15o"C for the LM250and 
o"C ::; Tj ::; +125"C for the LM350. VIN' - VOUT = 5V and lOUT = 1.5A. These specifications are applicable for power dissipations up to 30W 
for the K package and 25W for the T package. Power dissipation is guaranteed at these values up to 15 volts input·output differential. Above 
15 volts differential, power dissipation will be limited by internal protection circuitry. 
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is usect. 

Note 3: Selected devices with tightened tolerance reference voltage available. 

Connection Diagrams 

Order Number LM150K Steel, 
LM250K Steel or LM350K Steel 

See NS Package K02A 

(TO·3 STEEL) 
Metal Can Package 

ADJ"moONT 0 -,N 

CASE IS 
, 0 OUTPUT 

BOTTOM VIEW 

Order Number LM350T 
See NS Package T03B 

1·92 

(TO·220) 
Plastic Package 

FRONT VIEW 



Typical Performance Characteristics 
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Application Hints 

In operation, the LM 150 develops a nom inal 1.25V 
reference voltage, VREF, between the output and 
adjustment'terminal. The reference voltage is impressed 
across program resistor R 1 and, since the voltage is con
stant. a constant current 11 then flows through the 
output set resistor R2, giving an output voltage of 

lM15D 

FIGURE 1 

Since the 50 ~A current from the adjustment terminal 
represents an error term, the LM150 was designed to 
minimize IADJ and make it very constant with lin~ 
and load changes. To do this, all quiescent operating 
current is ,returned to the output establishing a mini
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 ~F 
disc or 1 ~F solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust-" 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

Tire adjustment terminal can be bypassed to ground on 
the LM 150 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10 JlF bypass capac
itor 86 dB ripple rejection is obtainable at any output 
level. Increases over 10 ~F do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor, is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from dischargingthrougli internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
constr,uction, it takes aeout 25 ~F in aluminum electro
lytic to equal 1 ~F solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies, ' 
bu't some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01 ~F 
disc may seem to work better\ than a 0.1 ~F disc as 
a bypass. 
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Although the LM 150 is stable with no output capacitors, 
like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. This occurs 
with- values between 500 pF and 5000 pF. A 1 ~F 
solid tantalum (or 25 ~F aluminum electrolytic) on the 
output swamps this effect and insures stability. 

Load Regulation 

The LM 150 is capable of providing extremely good load 
regulation but a few precautions' are needed to obtain 
maximum performance. The current set resistor con
nected between the adjustment terminal and the ou'tput 
terminal (usually 24(0) should be tied directly to the 
output of the regulator rather than near the load. This 
eliininates line drops from appearing effectively in series 
with the reference and degrading regulation. For exam
ple, a 15V regulator with 0.05S1 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.05S1 x I L. If the set resistor is con
nected near the load the effective line resistance will be 
0.05S1 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu- , 
lator and 240S1 set resistor. 

VIN 

LMI60 

-' RS 
VIN AD~DUTI""'WIr""l-VDUT 

RI 
240 .--_ .... 

;. 
=-:2 

FIGURE 2. Regulator with Line Resistance 
,in Output Lead 

With the TO-3 package, it is easy to minimize the resis
tance from the case to the set resistor, by using 2 sep
arate leads to the case. The ground of R2 can be returned 
near the ground of the load to provide remote ground 
sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any I C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging' through low 
current points into the regulator. Most 10 ~F capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy' to damage parts of the IC. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
current depends' on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of VIN. In the LM150, this discharge path is through 
a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive 



Application Hints (Continued) 

regulators. For output capacitors of 25 IlF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharg~ through a low current junction. Discharge 
occurs when either the input or output is shorted. 
Internal to the LM150 is a 50Q resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 10 IlF capacitance. 
Figure 3 shows an LM 150 with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 

Schematic Diagram 

DI 
IN4D02 

01 protects against C1 
D2 protects against C2 . . 

. ( R2) VOUT = 1.25V 1 + R1 + R21ADJ 

FIGURE 3. Regulator with Protection Diodes 

~---'------~~-----'------~----~f-~~------------------------------~~--------~f-~~---V'N 

.25 
3 

~~~--~------~~----~--~--~~~~~~~--------~----~~--~~------------------~~~~--VOUT 

Typical Applications (Continued) 

Temperature Controller Light Controller 

LM150 LM350 

V,N 1-.... ----------... VOUT 
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'------------------------------------------AOJ 

V'N 

Precision Power Regulator with 
Low Temperature Coefficient 

LM350 

1----.----------"""1r-VDUT~4V 

12k 

HI 
J15 

"' 2k 

* Adjust for 3.75V across R1 
OUTPUT 
ADJUST ~ 



Typical Applications (Continued) 

V,N 

Slow Turn-~N 15V Regulator 

LMI50 

~IN Ao'VOUy ........ ----.. -re,yy 

C2 
81 
m 

~ 0.1 pF ..... - ... ,..,.,\I'r, 

Cl 
l00"F 

Digitally Selected Outputs 

IN4DD2 

V,N-----I I----+-VOUT 

V,N7V-3IN 

V,N 
35V 

INPUTS 

·Sats maximum VOUT 

5V Logic Regulator with 
Electronic Shutdown-

H'-~~~QUY 
.......... T-~ 

C2 
O.lIlF 

81 
241 

I-I-..,..fYo-TTL 

*Min output .. 1.2V 

o to 30V Regulator 

A3 
III 

-tOY 

I. 

Adjustllble Regulator with Improved 
Ripple Rejection High Stability 10V Regulator 

LMI50 

V,N v,. VOUT 
IIV "OJ 

01· 
IN_ CI 

+C3 ~o.IPF 
hlFt 

tSolid tantalum 
*Discharge. Cl if output is shorted to ground ~ 

10A Regulator 

LM35D 

A3 
287 
111 

0.1 
r----------IV,N AD,VOUyl--,\M~" 

2. 
LM35D 

U5 0.1 
VI.-.... .I\fo""" ... --~~-I 

2. 

a.t 

VOUT 
10V 

81 
2. 
III 82 

Uk 
1% 

1--------t---.-VOUy· 

120 

10,..F 

*Minimum load current 50 mA 

5A Constant Voltage/Constant Current Regulator 

MM5I2r-_________ -. ____ ~---, 

81 LM3111 
31 

3SV V,. VOuy 

+Cl 
AOJ 

l"PF R4 
no 

01 03 
.1457 LED* 

tSolid tantalum 
* Lights In constant current mode 
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C5 81 
71pF 3311t 

-IVTO-15V 

87 
229 

II ... 
VOLTAGE 

ADJUIT 

83 
OJ 
5W 

C3 + 

""ft T 

AI 
240 

ZZIlF. 

OUTPUT 
UV-31Y 



Typical Applications (Continued) 

12V Battery Charger 

8.1 ~F 

500 

lM350 

81 
3. 

1.2V - 20V Regulator with 
Minimum Program Current 

*Minimum load current ~ 4 rnA 

R. V,N 

0.2 

+ 

TO l2V ':' 
BATTERY 

3A Current Regulator 

Adjustable Current Regulator 

AI 
0.3 

lOUT 
OTOlA 

A2 
150 

LM111 

R3 
120 

V-
-5VTD -10V 

Precision Current Limiter 

'0.4 ~ Rl ~ 12011 

Tracking Pre regulator 
02 
120 

VOUT 

83 
120 

Adjusting MUltiple On-Card Regulators 
with Single Control* 

12Vp-p 

f\.; 

AC Voltage Regulator 
lM35D 

120 

6Vp.p 
3. 

480 '"0 Po 

tMinimum load-l0 mA 
* All outputs within ±100 mV 
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Simple 12V Battery Charger 

* Rs-sets output impedance of charger ZOUT = RS (1 + :~) 
Use of RS allows low charging rates with fully' 
charged battery. 

**1000 p.F is recommended to filter 
out any input transients. 

r-s: ..... 
C1I e 
r-s: 
N 
C1I e 
r-s: 
W 
C1I 
0 
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Adjustable 10A Regulator 

0.1 
LM3&a 

~~M..-4_-4.5VT025V 

5t 

5k 
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Current Limited 6V Charger 

Y,N 
IV TO 30V 

*Seu peak current (2A for 0.3m 

""1000 "F is recommended to filter 
out any input transients. 



~National 
~ Semiconductor· 

Voltage Regulators 
PRELIMINARY 

LM196/LM396 10 Amp Adjustable 
Voltage Regulator 
General Description 

The LM196 is a 10 amp regulator, adjustable from 1.25V to 
15V, which uses a revolutionary new IC fabrication struc
ture to combine high power discrete transistor technology 
with modern monolithic linear IC processing. This combi
nation yields a high-performance single-chip regulator 
capable of supplying in excess of 10 amps and operating 

,at power levels up to 70 watts. The LM196 features on-Chip 
trimming of reference voltage to ±0.8% and simultaneous 
trimming of reference temperature drift to 30 ppml"C 
typical. Thermal Interaction between control circuitry and 
the pass transistor which affects the output voltage has 
been reduced to extremely low levels by strict attention to 
Isothermal layout. This interaction, called thermal regula
tion, is 100% tested. 

This new regulator has all the protection features of 
popular lower power adjustable regulators such as LM117 
and LM138, Including current limiting and thermal 
limiting. The combination of these features makes the 
LM196 immune to blowout from output overloads or 
shorts, even If the adjustment pin Is accidentally discon
nected. All devices are "burned-in" in thermal shutdown to 
guarantee proper operation of these protective features 
under actual overload conditions. 

Output voltage Is continuously adjustable from 1.25V to 
15V. Higher output voltages are possible if the maximum 
Input/output voltage differential specification Is not ex
ceeded. Fuilioac! current of lOA Is available at all output 
voltages, subject only to the maximum power limit of 70W 
and of course, maximum junction temperature. 

The LM196Is exceptionally easy to use. Only two external 
resistors are used to set output voltage. On-chip 
adjustment of the reference voltage allows a much tighte'r 

Typical Applications 
Your'" U.2iVI (R~: H2) 

VI"r 
MAIN 

FILTER 

CAPACITOI ....... h-_________ ..,. 

LOAD 

• For best TC of VOUT, Al should be wlrewound or metal film, 
1% or better. 

•• A2 should be same type as AI, with TC tracking of 30 ppmJ'C 
or better. 'j 

t Cl Is necessary only If main filter capacitor is more than 600 

away, assuming #18 or larger leads. . 

ttC21s not absolutely necessary, but Is suggested to lower high 
frequency output impedance. 

, C31mproves ripple rejection, output Impedance, and noise. C2 
should be 1 ~F or lar~er close to the regulator If C3 Is used. 

FIGURE 1. Basic 1.25V to 15V Regulator 
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specification of outp~t voltage, eliminating any need for 
trimming in most cases. The reglliator will tolerate an 
extremely wide range of reactive loads, and does not de
pend on external capaCitors for frequency stabilization. 
Heat sink requirements are much less stringent, because 
overload situations do not have to be accounted for-only 
worst-case full load conditions. 

The LM196 Is In a TO-3 package with oversized (0.060") 
leads to provide best possible load regulation. Operating 
junction temperature range is - 55'C to + 150'C. The 
LM396 Is specified for a O'C to + 125'C junction 
temperature range. 

Available In 1982-a 5-terminal version of the LM196. The 
LM196·5 will be able to operate at Input-output voltage dif
ferentials as low as 1V at full load current In addition to 
having output sense capability. This device will also be il) a 
TO-3 pack~ge. 

F$atures 

• Output pre-trimmed to ± 0.8% 
• 10A guaranteed output current 
• 100% burn-In In thermal limit 
• 70W maximum power dissipation 
• Adjustable 0Iltput-1.25V to 15V 
• Internal current and power limiting 
• Guaranteed thermal resistance 
• Output voltage guaranteed under worst·case 

conditions 

STANDARDNHi POWERNPN 

Power NPNs have low collector resistance, and do not require 
collector bond wires. Collectors are all common to substrate.· 
Standard NPNs are stili isolated. 

FIGURl= 2. 10 Amp Process 

rs: ..... 
CO 
0') -r-s: 
fg 
0') 



.. 

Absolute Maximum Ratings 

Power Dissipation Internally Limited 
Input-Output Voltage Differential 20V 
Operating Junction Temperature Range 

LM196 Control Section - 55'C to + 150'C 
Power Transistor - 55'C to + 200'C 

LM396 Control Section O'C to + 125'C 
Power Transistor O'C to + 175'C 

Storage Temperature -65'Ctll + 150'C 
Lead Temperature (Soldering, 10 seconds) 300'C 

Pre·Conditioning 
100% Burn-In in The~mal Limit 

\ 

I 

Electrical Characteristics (Note 1) 

Parameter Conditions 
LM196 LM396 

Min Typ Max Min Typ Mljx 
Units 

Reference Voltage lour'" 10 rnA 1.24 1.25 1.26 1.23 1.25 1.27 V 

Reference Voltage 3V:5 (V IN':' Vour):5 20V 1.22 1.25 1.28 1.21 1.25 1.29 V 
(Note 2) 10 mA:5l oUT 10A, P:5P MAX 

Full Temperature Ran~e 

Line Regulation 2.5V:5 (V IN - Vour):5 20V 0.005 0.01 0.005 0.02 %N 
(Note 3) Full Temperature Range 0.05 0.05 %N 

Load Regulation 10 mA:5l our :510A 0.1 0.1 %/A 
(Note 4) 3V:5VIN-Vour:510V, P:5PMAX 

Full Temperature Range 0.15 0.15 %/A 

Ripple Rejection CADJ = 251'F, f = 120 Hz 60 74 66 74 dB 
(Note 5) Full Temperature Bange 54 54 dB 

Thermal Regulation VIN-Vour=5V,louT=10A 0.003 0.005 0.003 0.015 %/W 
(Note 6) 

Average Output Voltage TjMIN :5Tj:5TjMAX _ 0.003- 0.003 %I'C 
Temperature Coefficient (See Curves for Limits) 

Adjustment Pin Current 50 100 50 100 I'A 

Adjustment Pin Current 10 mA:5l oUT :510A 3 3 I'A 
Change (Note 7) 3V :5VIN - Voui:520V 

P:5 PMAX, Full Temperature Range 

Minimum Load Current 2.5V:5 (V IN - Vour):5 20V 10 10 rnA 
(Note 9) Full Temperature Range 

Current Limit 3V:5(V IN - VouT):57V 10 14 20 10 14 20 A 
VIN - Vour = 20V 1.5 3 8 1.5 3 8 A 

Rms Output Noise 10 HZ:5f:510 kHz 0.001 0.001 %Vour 

Long Term Stability Tj = 125'C, t = 1000 Hours 0.3 1.0 0.3 1.0 % 

Thermal Resistance Control Circuitry 0.3 0.5 0.3 0.5 'C/W 

Junction to Case Power Transistor 1.0 1.2 1.0 1.2 'CIW 
(Note 10) 

Power Dissipation (PMAxl 7.0V:5 VIN - VouT :512V 70 100 70 100 W 
(Note 11) VIN -Vour=15V 50 ,50 W 

VIN-Vour=18V 36 36 W 

Drop-Out Voltage IQUT = 10A 2.1 2.5 2,1 2.75 V 
(Note 12) 
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Nolel: Unleas olherwlse alaled, lhasa apaclflcallons apply for Tj =2S'C, VIN - Vour = SV, lour = 10 mA 10 IDA. 
NGIe 2: Thl. I. a worsl-case specification which InclUde. all effecl8 due 10 Inpulvollage, oulput current, lemperalure, and power dlsslpallon. Maximum 
power (PMAX) I. specified under Electrical Characterlsllc •. 
Note 3: Line regulallon Is measured on a short-pul.e, low-duly-cycle be.lslo malnleln con.tanljuncllon temperalure. Change. In oulpulvollage due 10 Iher
mal gradlenls or lemperalure changes musl be taken Inlo accounl separalely. See dlscu.slon of line regulallon under Appllcallon Hlnl •. 
NGIe 4: LOad regulallon on Ihe 2-pln package I. delermlned primarily by the vollage drop along Ihe oulpul pin. Speclflcallon. apply for an exlernal Kelvin 
aen .. connecllon at a point on Ihe oulpul pin 114" from the bcllom of the package. Te.tlng I. done on a .hort·pul .... wldlh, low-duly-cycle ba.l. to malnlaln 
constant junction temperature. Changes In output vollage due to thermal gradlenta or temperalure changes must be laken Inlo accounl .eparalely. See 
dlacuaslon of load regulation under Application Hints. 
NGIe 5: Ripple rejection Is measured wllh the adjustmsnl pin bypassed wllh a2S~F capacllor, and Is Ihereforelndependenl ofoulput vollage. Wllh no load or 
bypass capacitor, ripple relecllon Is delermlned by line regulation and may be calculated from; RR = 20 10910 [lool(K x Vour)} where K Is line regulation 
expressed In 'I,N. AI frequencle. below 100 Hz, ripple rejection may bellmlled by thermal effecls, If load current Is above IA. 
Nole 8: Thermal regulallon I. defined as Ihe change In output vollage during the time period of 0.2 ms 10 20 ms after a change In power dis.lpallon in Ihe 
regulalor, due to ellher a change In Input vollage or oulput current. See graphs and discussion of thermal effecl. under Appllcallon Hints. 
Nole 7: AdJuslmenl pin currenl change Is .peclfled for the worsl-case combination of Inpul vollage, oulpul currenl, and power dlsslpallon. Change. due to 
temperature must be taken Into account separately. See graph of adjustment pin current va temperature. 

Not. 8: Current IImll Is measured 10 ms after a shorlls applied 10 the output. DC measurements may differ .lIghtly due to the rapidly changing Juncllon 
lamperature, tending to drop .lIghtly as temperature Increases. A minimum available load current of IDA I. guaranteed overlhe full temperalure range as long 
as power dlsslpallon does not exceed 70W, and VIN - Vour Is less than 7.0V. 
Not.9: Minimum load current of 10 mA Is normally .atlsfled by Ihe resl.lor dlvldar which sets up output voltage. 
NolelO: Tolallhermal re.lstance, junction to amblenl, will Include junction to case thermal resistance pluslnlerlace resistance and heat sink reslslance. 
See discussion of heal .Inklng under Application Hlnls. 
Nolell: Although power dissipation Islnlarnally limited, aleclrlcal speCifications apply only for power dls.lpatlon up 10 Ihe IImlls .hown. Derating wllh 
temparaturels a function of bolh power transletor temperature and control area temperature, which are spaclfled differently. See discussion of heal sinking 
under Application Hlnls. For VIN - Vour less than 7V, power dls.lpallon Is IImlled by current limit of IDA. 
NGIe 12: Dropoul voltage Is Input-output vollage differential measured at a forcad referance voltage of 1.15V, with a lOA load, and Is a measurement of Ihe 
minimum Input/output differential at full load. 

Application Hints 

Heat Sinking 

Because of Its extremely high power dissipation capabili
ty, the major limitation In the load driving capability of the 
LM196Is heat sinking. Previous regulators such as LM109, 
LM340, LMl17, etc_, had Internal power limiting circuitry 
which limited power dissipation to about30W_ The LMl96 
is gUaranteed to dissipate up to 70W continuously, as long 
as the maximum juncllon temperature limit Is not exceed
ed. This requires careful attention to all sources of thermal 
resistance from junction-tOoamblent, Including junctlon
to-case resistance, case-tOoheat-slnk interface resistance 
(0.1-1.0'CIW), and heat sink resistance itself. A good ther
mal joint compound such as Wakefield type 120 or Ther
malloy Thermacote must be used when mounting the 
LMl96, espeCially if an electrical Insulator Is used to 
Isolate the regulator from the heat sink. Interface 
resistance without this compound will be no better than 
0.5°CIW, and probably much worse. With the compound, 
and no insulator, Interface resistance will be 0.2'CIW or 
less, assuming 0.005" or less combined flatness run-out 
of T()'3 and heat sink. Proper torquing of the mounting 
bolts Is Important to achieve minimum thermal resist
ance. l70ur to six Incfl pounds Is recommended. Keep In 
mind that good electrical, as well as thermal, contact 
must be made to the case. 

The actual heat sink chosen for the LMl96 will be deter
mined by the worst-case continuous full load current, 
Input voltage and maximum amblent'temperature. Over
load or short circuit output conditions do not normally 
have to be considered when selecting a heat sink because 
the thermal shutdown built Into the LMl96 will protect It 
under these conditions. An exception to this Is In sltua
lions where the regulator must recover very quickly from 
overload. The LM196 may take some time to recover to 
within specified output tolerance following an extended 
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overload, if the regulator is cooling from thermal shut
down temperature (approximately 175°) to specified 
operating temperature (125°C or 150°C). The procedure for 
heat sink selection Is as follOWS: 

Calculate worst-case continuous average power 
dissipation In the regulator from P = (VIN - VOUT) X 
(lOUT)' To do this, you must know the raw power supply 
voltage/current characteristics fairly accurately. For 
example, consider a 10Voutput with 15V nominal input 
voltage. At full load of lOA, the regulator will dissipate 
P=(15-10)x(10)=50W_lf Input voltage rises by 10%, 
power dissipation will Increase to (16.5 -10) x 
(10)=85W, a 30% IncreaSe. It Is strongly suggested 
that a raw supply be assembled and tested to deter
mine Its average DC output voltage under full load with 
maximum line voltage. Do not over-design by using 
unloaded voltage as a worst-case, since the regulator 
will not be dlssl~atlng any power under no load condi
tions. Worst-case regulator dissipation normally oc
curs under full load condillons except when the. effec
tive DC resistance of the raw supply (AV/AI) is larger 
than (VIN· - VOUT)/21f1 .• where VIN· is the IIghlly-loaded 
raw supply voltage and IfL is full load current. For 
(VIN·-VOUT)=5V-BV, and IfL=5A-l0A, this gives a 
resistance of 0.250 to O.BO. If raw supply resistance is 
higher than this, the regulator power diSSipation may 
be less at full load current, than at some Intermediate 
current, due to the large drop In Input voltage. For
tunately, most well designed raw supplies have low 
enough output resistance that regulator dissipation 
does maximize at full load current, or very close to It, so 
tedious testing Is not usually required to find worst
case power dissipation. 

rs:: ..... 
CO e 
r-s:: 
fi 



Application Hints (Continued) 

A very Important consideration is the size of the filter ca
pacitor in the raw supply. At these high current levels, ca
pacitor size is usually dictated by ripple current ratings 
rather than just obtaining a certain ripple voltage. Capac
itor ripple current (rms) is 2-3 times the DC output current 
of the filter. If the capacitor has just 0.050 DC resistance, 
this can cause 30W internal power dissipation at lOA out
put current. Capacitor life is very sensitive to operating 
temperature, decreasing by a factor of two for each 15°C 
rise in internal temperature. Since capacitor life is not'all 
that great to start with, it is obvious that a small capacitor 
with a large internal temperature rise is inviting very short 
mean·time-to-failure. A second consideration is the loss 
of usable Input voltage to the regulator. The LM196 re
quires 2V-2.5V minimum input/output voltage differential 
to maintain regulation. If the capacitor is small, the large 
dips in the input voltage may cause the LM196 to drop out 
of regulation. 2000 I'F per ampere of load current is the 
minimum recommended value, yielding about 2 Vp-p rip
ple of 120 Hz. Larger values will have longer life and the 
reduced ripple will allow lower DC Input voltage to the 
regulator, with subseq'uent cost savings in the trans
former and heat sink. Sometimes several capacitors In 
parallel are better to decrease series resistance and in
crease heat dissipating area. 

After the raw supply characteristics have been determin
ed, and worst-case power dissipation in the LM196 is 
known, the heat sink thermal resistance can be found 
from the graphs titled Maximum Heat Sink Thermal Resis
tance(page 7). These curves indicate the minimum size 
heat sink required as a function of ambient temperature. 
They are derived from a case-to-control·area thermal 
resistance of 0.5°CIW and a case-to-power transistor ther
mal resistance of 1.2°CIW. 0.2°CIW is assumed for inter
face resistance. A maximum control area temperature of. 
150°C is used forthe LMI96 and 125°Cforthe LM396. Max
imum power transistor temperature is 200°C for the 
LM196 and 175°(; forthe LM396. For conservative designs, ' 
It Is suggested that when using these curves, you assume 
an ambient temperature 25°C-50°C higher than is actually 
anticipated, to avoid running the regulator right at Its 
design limits of operating temperature. 

A quick look at the curves shows that heat sink resistance 
(8sAl will normally fall into the range of 0.2°CIW -1.5°CIW. 
These are not small heat sinks. A model 441, for Instance, 
which Is' sold by several' manufacturers; has a 8SA of 
0.6°CIW with natural convection and is about five Inches 
on a side. Smaller sinks are more volumetrically efficient, 
and larger sinks, less so. A rough formula for estimating 
the volume of heat sink required, is: V = 5018sA1.5 CU IN. 
This holds for natural convection only. If the heat sink is in· 
side a small sealed enclosure, 8SA will increase substan· 
tially because the air is not freeto form natural convection 
currents. Fan-forced convection can reduce8sA by a factor 
of two at 200 FPM air velocity, and by four at 1000 FPM. 
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Ripple Rejection 

Ripple rejection at the normal ripple frequency of 120 Hz is 
a function of both electrical and thermal effects in 'the 
LMI96.lfthe adjustment pin'is not bypassed with a capac
Itor, it is also dependent on output voltage. A 25 p.F capac
itor from the adjustment pin to ground will make'ripple re
jection Independent of output voltage for frequencies 
above 100 Hz. If lower ripple frequencies are encountered, 
the capacitor should be increased proportionally. 

Keep In mind that the bypass capacitor on the adjustment 
pin will limit the turn-on time of the regulator. A 25 I'F 
capacitor, combined with the output divider resistance, 
will give an extended output voltage settling time follow· 
ing the application of Input power. 

Load Regulation 

Because the LM196 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula
tion will be limited by the resistance of the output pin and 
the wire connecting the regulator to the load. For the data 
sheet specification, regulation is measured 1/4" from the 
bottom of the package on the output pin. Negative side 
sensing is a true Kelvin connection, with the bottom of the 
output divider returned to the negative side of the load. 
Although It may not be Immediately obvious, best load 
regulation is obtained when the top of the divider is con· 
nected directly to the output pin, not to the load. This is iI· 
lustrated in Figure 3. If Rl were connected to the load, the 
effective reSistance between the regulator and the load 
would be 

(Rw)x (R2+ R~) 
\ Rl ' 

Rw = L1ne'Resistance 

Connected as ,shown, Rw is,not multiplied by the divider 
ratio. Rw is about 0.0040 per foot using 16 gauge wire. This 
translates to 40 mVIft at lOA load current, so It, Is impor
tant to keep the positive lead between regulator and load 
as short as possible. ' 

Rw 

LM396 J LIN~ARRts~~~~Ni:E DO NOT CONNECT 
,A Rl TO LOAD 

VIN VOUll It, ~ 
ADJ I \ 

+ 

l LOAD J 
:: R2 

~~ 
-....,.-----~,.., .. :-, ~l . CONNECT R2 

TO LOAD 

FIGURE 3; Proper Divider Connection 



Application Hints (Continued) 

Thermal, as well as electrical, load regulation must be 
considered with IC regulators. Electrical load regulation 
occurs in microseconds, thermal regulation due to die 
thermal gradients occurs in the 0.2 ms-20 ms time frame, 
and regulation due to overall temperature changes in the 
die occurs over a 20 ms to 20 minute period, depending on 
the time constant of the heat sink used. Gradient induced 
load regulation is calculated from 

IlVour= (V ,N - Vour) x (Illour) x (.8) 

fJ = Thermal regulation specified on data sheet. 

For V,N =9V, Vour=5V, Illour=10A, and fJ=0.005%1W, 
this yields a 0.2% change In output voltage. Changes in 
output voltage due to overall temperature rise are 
calculated from 

Vour=(V,N - Vour) x (Illour) x (TC) x (OjAl 

TC = Temperature coefficient of output voltage. 
OrA = Thermal resistance from junction to ambient. 0jA 

Is approximately 0.5·CIW + 0 of heat sink. 

For the same conditions as before, with TC = 0.003%I·C, 
and eiA = 1.5·CIW, the change in output voltage will be 
O~ 1B%. Because these two thermal terms can have either 
polarity, they may subtract from, or add to, electrical load 
regulation. For worst-case analysis, they must be as
sumed to add. If the output of the regulator is trimmed 
under load, only that portion of the load that changes need 
be used In the previous calculations, significantly improv
ing output accuracy. 

Line Regulation 

Electrical line regulation is very good on the LM196-
typically less than 0.005% change'in output voltage for a 
1 V change in Input. This level of regulation is achieved on
ly for very low load currents; however, because of thermal 
effects. Even with a thermal regulation of 0.002%1W, and a 
temperature coefficient of 0.003%I·C, DC line regulation 
will be dominated by thermal effects as shown by the 
following example: 

Assume Vour=5V, V,N =9V, 10ur=BA 

Following a 10% change in input voltage (0.9V), the output 
will change quickly (:s 1001's), due to electrical effects, by 
(0.005 0/0 V) x (0.9V) = 0.0045%. In the next 20 ms, the out
put will change an additional (0.002%/W) x (BA) x 
(0.9V) = 0.0144% due to thermal gradients across the die. 
After a much longer time, determined by the time constant 
of the heat sink, the output will change an additional 
(O.003%I·C) x (BA) x (0.9V) x (2·CIW) = 0.043% due to the 
temperature coefficient of output voltage and the thermal 
resistance from die to ambient. (2·CIW was chosen for 
this calculation). The sign of these last two terms varies 
from part to part, so no assumptions can be made about 
any cancelling effects. All three terms must be added for a 
proper analysis. This yields 0.0045 + 0.0144 + 0.043 = 
0.062% using typical values for thermal regulation and 
temperature coefficient. For worst-case analysis, the 

1-103 

maximum data sheet specifications for thermal regula
tion and temperature coefficient should be used, along 

, with the actual thermal resistance of the heat sink being 
used. 

Paralleling Regulators 

Paralleling regulators is not normally recommended, 
because they do not share currents equally. The regulator 
with the highest reference voltage will supply all the cur
rent to the load until it current limits. With an 1BA load, for 
instance, one regulator might be operating in current limit 
at 16A while the second device Is only carrying 2A. Power 
dissipation in the high current regulator is extremely high 
with attendant high junction temperatures. Long term 
reliability cannot be guaranteed under these conditions. 

Quasi-paralleling may be accomplished ,if load regulation 
is not critical. The connection shown in Figure 6 will 
typically share to within 1A, with a worst-case of about 3A. 
Load regulation is degraded by 150 mV at 20A loads. An 
external op amp may be used as in Figure 8 to improve 
load regulation. 

Input and Output Capacitors 

The LM196 will tolerate a wide range of input and output 
capacit~nce, but long wire runs or small values of output 
capacitance can sometimes cause problems. If an output 
capacitor is used, it should be 1 I'F or larger. We suggest 
10 I'F solid tantalum if significant improvements in high 
frequency output impedance are needed (see output im
pedance graph). This capacitor should be as close to the 
regulator as possible, with short leads, to reduce the ef
fects of lead inductance. No input capacitor is needed if 
the regulator is within 6 inches of the power supply filter 
capacitor, using 1B gauge stranded wire. For longer wire 
runs, the LM196 input should be bypassed locally with a 
4,7 I'F (or larger) solid tantalum capacitor, or a 100 I'F (or 
larger) aluminum electrolytic capaCitor. 

Correcting for Line Losse,s 

Three-terminal regulators' can only provide partial Kelvin 
load sensing (see Load Regulation). Full remote sensing 
can be added by usi ng an external op amp to cancel the ef
fect of voltage drops in the unsensed positive output lead. 
In Figure 8, the LM301A op amp forces the volta.Qe loss 
across the unsensed output lead to appear across R3. The 
current through R3 then flows out the V - pin of the op 
amp through R4. The voltage drop across R4 will raise the 
output voltage by an amount equal to the line loss, just 
cancelling the line loss itself. A small (-::: 40 mV) initial 
output voltage error is created by the quiescent current of 
the ali amp. Cancellation range is limited by the maximum 
output current of the op amp, about 300 mV as shown. This 
can be raised by increasing R3 or R4 at the expense of 
more initial output error. 

Transformers and Diodes 

Prope.r transformer ratings are very important in a high 
current supply because of the conflicting requirements of 
efficiency and tolerance to low-line conditions. A 
transformer with a high secondary voltage will waste 
power and cause unnecessary heating in the regulator. 

r-s: ..... 
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Application Hints (Continued) 

Too Iowa secondary voltage will cause loss of regulation 
under low-line conditions. The following formulas may be 
used to c!llculate the required secondary voltage and cur
rent ratings using a full-wave center tap: 

Vrms = Cour+ VREG+~Ecr+ VRIPPLE)(~:~;)( 1.1*) 
Inns = (lour) (1.2) (Full-wave center tap) 

where: 

Vour= DC regulated output voltage 

VREG = Minimum input-output voltage of regulator 

VREcr = Rectifier forward voltage drop at three times DC 
output current 

VRIPPLE = 112 peak-te-peak capacitor ripple voltage 
= (5.3 x 10-3) (lour) 

2C 

VNOM = Nominal line voltage AC rms 

VLOW = Low line voltage AC rms 

lour= DC output current 

Example: lour = 10A, Vour= 5V 

Assume: VREG = 2.2V, VREcr= 1.2V 

VRiPPLE=2Vp-p, VNOM =115V, 

VLOW = 105V 

Vrms =e+2.~.2+1)( ~~) 1.1 

=8.01 Vrms 

CapaCitor C = (5.3 x 10 -3) (lour> 

2' VRIPPLE 

= (5.3 x 10 -3)(10) = 26,500 I'F 
2' 

'The factor of 1.11. only an approximate factor accounting for load regula· 
tlon of the transformer. • 

Typical Performance Characteristics 

The diodes used In a full-wave rectified capacitor Input 
supply must have a DC current rating considerably higher 
than the average current flowing through them. In a 10A 
supply, for Instance, the average current through each 
diode Is only 5A, but the diodes should have a rating of 
10A-15A. There are many reasons for this, both thermal 
and electrical. The diodes conduct current in pulses about 
3.5 ms wide with a peak value of 5-8 times the average 
value, and an rms value 1.5-2.0 times the average value. 
This results In long term diOde heating roughly equivalent 
to 10A DC current. The most demanding condition how
ever, may be the one cycle surge through the diOde during 
power turn on. The peak value of the surge is about 10-20 
times the DC output current of the supply, or 100A-200A 
for a 10A supply. The diodes must have a one cycle non
repetitive surge rating of 200A or more, and this Is usually 
not found in a diode with less than 10A average current 
rating. Keep in mind that even though the LM196 may be 
used at current levels below 10A, the diodes may still have 
to survive shorted output conditions where average cur
rent could rise to 12A-15A. Smaller transformers and filter 
capacitors used In lower current supplies will reduce 
surge currents, but unless specific information Is avail
able on worst-case surges, It is best not to economize on 
diodes. Stud-mounted devices in a 00-4 package are rec
ommended. Cathode-te-case types may be bolted directly 
to the same heat sink as the LM196 because the case of 
the regulator Is Its power Input. Pari numbers to consider 
are the 1N1200 series rated at 12A average current in a 
00-4 stud package. Additional types include common 
cathode duals In a T().3 package, both standard and 
Schottky, and various duals In plastic filled assemblies. 
Schottky diodes will Improve effiCiency, especially In low 
voltage applications. In a 5V supply for instance, Schottky 
diOdes will decrease wasted power by up to 6W, or alter
natively provide an additional 5% "drop out" margin for 
low-line conditions. Several manufacturers are producing 
"high efficiency" diodes with a forward voltage drop near
ly as goOd as Schottkys at high current levels. These 
devices do not have the low breakdown voltages of Schot
tkys, so are much less prone to reverse breakdown Induc
ed failures. 
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Typical Performance Characteristics (Continued) 
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Typical Performance Characteristics '(Continued) 
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Typical Applications (Continued) 

10k 

ior-----------i .... ---4I1- VOUT = 3.15V + (11 rnA x RZ) 
= 5.0VOC 

383 
1% 

+ 

OUTPUT ~ .... --.... 
LM336 
2.5V 

Cl 
10llF 

. TANT 
ADJUST 

R3* 

R2 
111 
1% 

*Regulation can be improved by adding an LM336 reference diode to in
crease the effective reference Yoltage to 3.75V. Load and line regula
tion are improved by 3:1, including thermal effects. 

FIGURE 4. Improving Regulation" 

*R3 is selected to supply partial load current. Therefore, a minimum load 
must always be maintained to prevent the regulated output from rising 
uncontrolled. R3 must be greater than (VMAX - VOUTIIiMIN, where VMAX 
Is worst-case high Input voltage, and IMIN is the minimum load current. 
R3 must be rated for at least (VIN - Vourl2/R3 watts. Regulator power 
dissipation will be reduced by a factor'of 2 - 3 in a typical situation 
where minimum load current is 112 full load current. Regulator dissipa
tion will peak at: 

VIN ~ (R31(lourl + Vour 
2 

and will be equal to: 

PMAX ~ (R3)(lour)2 Assuming: (R3)(lour),,;VMAx - Vour 
4 

A few words of caution; (1) R3 power rating must be Increased to 
(VMAX)21R3 if continuous output shorts are possible. (2) Under normal 
load conditions, system power dissipation is not changed, but under 
short circuit conditions system power dissipation Increases by 
(VIN)2/R3 watts over the already high power of a s~orted regulator. The 
LM196 will not be harmed and neither will R31f it Is rated properly, but 
the raw supply components must be able to withstand the overload 
also. Thermal shutdown of the LM196 will probably occur for sustained 
shorts, somewhat alleviating the problem. 

FIGURE 5. Reducing Regulator Power Dissipation 
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Typical Applications (Continued) 

FIGURE 6. Paralleling Regulators 

Output will be within ± 20 mV at 2S'C, no load. Regulation of tracking 
units Is Improved byVOUTI1.2S compared toa normal connection. Regula· 
tion of master unit is unchanged. Load or input voltage changes on slave 
units do not affect other units, but all units will be affected by changes on 
master. A short on any output will cause all other outputs to drop to ap
proximately 2V. 

FIGURE 7. Tracking Regulators 
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Typical Applications (Continued) 

-Vl; ..... ~--------~~_--....;;;....-.:....;~ 

'Parasltlc lin. resistance created by wiring, connectors, or parallel ballasting. 

FIGURE 8. Correcting for Line Lo .... 

LM196 Schematic Diagram 

r---.----1~--~--~~--~-._-----------------_.-----~-._--~N 

.Ii , 
L-~~-~---_'-~-~~~_4--~-~-t_~~--~----~~--_'------------~--t_--VO.T L-------____________________ A~ 
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I Connection Diagram 
:E .... 
i 
.~ 

:E .... 

Metll Cln Plcklge 

.BOTTOM VIEW 

Order Number LM198K Steel or LM398K Steel 
See NS PI~klge K02B 
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~National 
~ Semiconductor 

Voltage Regulators 

LM317L 3·Terminal Adjustable Regulator 

General Description 
The LM317L is an adjustable 3-termlnal positive voltage 
regulator capable of supplying 100 mA over a 1_2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Fur
ther, both line and load regulation are better than standard 
fixed regulators. Also, the LM317L is packaged In a stan
dard TO-92 transistor package which is easy to use. 

In addition to higher performance than fixed regulators, 
the LM317Loffers full overload protection. Included on the 
chip are current limit, thermal overload protection and 
safe area protection. All overload protection circuitry 
remains fully functional even if the adjustment terminal Is 
disconnected. 

Features 
• Adjustable output down to 1.2V 
• Guaranteed 100 mA output current 
• Line regulation typically 0,01 %N 
• Load regulation typically 0.1 % 
• Current limit constant with temperature 
• Eliminates the need to stock many voltages 
• Standard 3-lead transistor package 

• 80 dB ripple rejection 

Normally, no capacitors are needed unless the device Is 
situated far from the input filter capacitors in which case 
an input bypass is needed_ An optional output capacitor 
can be added to Improve transient response. The adjust
ment terminal can be bypassed to achieve very high ripple 
rejection ratios which are difficult to achieve with stand
ard 3-terminal regulators. 

Typical Applications 

Besides replacing fixed regulators, the LM317L Is useful in 
a wide variety of other applications. Since the regulator is 
"floating" and sees only the input-to-output differential 
voltage, supplies of several hundred volts can be regu
lated as long as the maximum Input-to-output differential 
Is not exceeded. 

Also, It makes an especially simple adjustable switching 
, regulator, a programmable output regulator, or by connect

Ing a fixed resistor between the adjustment and output, 
the LM317L can be used as a precision current regulator. 
Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground which pro
grams the output to 1.2V where most loads draw little 
current. 

The LM317L is packaged in a standard T0-92 transistor 
package. The LM317L Is rated for operation over a - 25°C 
to 125°C range. 

Connection Diagram 

BOTTOM VIEW 

Order Number LM317LZ 
See NS Package Z03A 

1.2V-25V Adjustable Regulator 
Fully Protected (Bulletproof) 
Lamp Driver Lamp Flaaher 

1-1 __ -'VoUytt 

HI 
240 

+ 

t Optional-Improves Iranslenl 
response 

• Needed If device I. far from 
filler capacitors 

,ttVOUT=I.25V (1+~) 

zav 
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zav at co mA 
INCANDESCENT 

Oulput rale - 4 flashes per second all0% duly cycle 



.oJ 
"- Absolute Maximum Ratings 
Z;; Power Dlsslpatlbn Internally Limited 
:E Input-Output Voltage Differential 40V 
.oJ Operating Junction Temperature Range _40°C to +125°C 

Storage Temperature -55°Cto + 150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

Parameter Conditions Min Typ Max Units 

Line Regulation TA=25°C,3Vs(VIN-VOUT)s40V, 0.Q1 0.04 %N 
(Note 2) 

Load Regulation TA = 25°C, 5 mAs lOUTS IMAX, (Note 2) 0.1 0.5 % 

Thermal Regulation TA = 25°C, 10 ms Pulse 0.04 0.2 %IW 

Adjustment Pin Current ,50 100 p.A 

Adjustment Pin Current Change 5 mAslLs100 mA 0.2 5 p.A 
3VS(VIN-Vour)s40V, Ps625 mW 

Reference Voltage 3VS(VIN-Vour)s40V, (Note 3) 1.20 1.25 1.30 V 
5 mAs lours 100 mA, Ps625 mW 

Line Regulation 3VS(VIN-VOUT)s40V, (Note 2) 0.02 0.07 %N 

Load Regulation 5 mAs lOUTS 100 mA, (Note 2) 0.3 1.5 % 

Temperature Stability TMINSljsTMAX 0.65 % 

Minimum Load Current (VIN-VOUT)s40V 3.5 5 mA 
3V s (VIN-Vour)S 15V 1.5 2.5 mA 

Current Limit 3V s (VIN-VOUT)S 13V 100 200 300 mA 
(VIN-VOUT) = 40V 25 50 150 mA 

Rms Output NOise, % of VOUT TA = 25°C, 10 Hzsfsl0 kHz 0.003 % 

Ripple Rejection Ratio VOUT = 10V, f = 120 Hz, CADJ = 0 65 dB 
CADJ = lOI'F 66 80 dB 

Long·Term Stability Tj = 125°C, 1000 Hours 0.3 1 % 

Note 1: Unle •• otherwise specified, these specification. apply -25'CSTjS125'C for the LM317L; VIN-VOUT=5V and IOUT=40 mAo Although power 
dlsslpallon II Internally limited, these apeclflcatlons are applicable for power dlaalpallons up to 625 mW. IMAX I. 100 rnA. 
Note2: Regulation I. measured at constant junction temperature, using puis. testing with a low duty cycle. Changealn output vollage duelo'heatlng effecls 
are covered under the specification for thermal regulation. 
Note 3: Thennal reslslance of the T0092 package Is 180'C/W junclton to ambient with 0.4 'leads from a PC board and 160'C/W junction 10 amblenl with 0.125' 
lead length to PC board. 



Typical Performance Characteristics (Output capacitor = 0 I'F unless otherwise noted.) 
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Application Hints 
In operation, the LM317L develops a nominal 1.25V 
reference voltage, VREF, between the output and adjust
ment terminal. The reference voltage is impressed across 
program resistor Rl and, since the voltage is constant, a 
constant current 11 then flows through the output set 
resistor R2, giving an output voltage of 

v V'1+R2 
OUT= REF Rl 

Since the 100 p.A current from the adjustment terminal 
represents an error term, the LM317L was designed to min· 
imize IADJ and make it very constant with line and load 
changes. To do this, all quiescent operating current is 
returned to the output establishing a minimum load cur· 
rent requirement. If there is insufficient load on the output, 
the output will rise. 

LM317L 

FIGURE 1 

External Capacitors 

An input bypass capacitor is recommended in case the 
regulator is more than 6 inches away from the usual large 
filter capacitor. A 0.1 p.F disc or 1 p.F solid tantalum on the 
input is suitable input bypassing for almost all applica· 
tions. The device is more sensitive to the absence of input 
bypassing when adjustment or output capacitors are 
used, but the above values will eliminate the possibility of 
problems. 

The adjustment terminal can be bypassed to ground on 
the LM317L to improve ripple rejection and noise. This 
bypass capacitor prevents ripple and noise from being 
amplified as the output voltage is increased. With a 10 p.F 
bypass capacitor 80 dB ripple rejection is obtainable at 
any output level. Increases over 10 p.F do not appreciably 
improve the ripple rejection at frequencies above 120 Hz. If 
the bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor from 
discharging through internal low current paths and dam· 
aging the device. 

1·114 

In general, the best type of capacitors to use is solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor con
struction, it takes about 25 p.F in aluminum electrolytic to 
equal 1 p.F solid tantalum at high frequencies. Ceramic 
capacitors are also good at high frequencies; but some 
types have a large decrease in capacitance at frequencies 
around 0.5 MHz. For this reason, a 0.Q1 p.F disc may seem 
to work better than a 0.1 p.F disc as a bypass. 

Although the LM317L is stable with no output capacitors, 
like any feedback circuJt, certain values of external 
capacitance can cause excessive ringing. This occurs 
with values between 500 pF and 5000 pF. A 1 flF solid 
tantalum (or 25 flF aluminum electrolytic) on the output 
swamps this effect and insu"res stability. 

Load Regulation 

The LM317L is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con
nected between the adjustment terminal and the output 
terminal (usually 2400) should be tied directly to the output 
of the regulator rather than near the load. This eliminates 
line drops from appearing effectively in series with the 
reference and degrading regulation. For example, a 15V 
regulator with 0.050 resistance between the regulator and 
load will have a load regulation due to line resistance of 
0.050 x I L. If the set resistor is connected near the load the 
effective line resistance will be 0.050 (1 + R2IRl) or in this 
case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the 
regulator and 2400 set resistor. 

With the TO·92 package, it is easy to minimize the resist· 
ance from the case to the set resistor, by using two 
separate leads to the output pin. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

LM317L 

FIGURE 2. Regulator with Line Resistance 
in Output Lead 



Application Hints (Continued) 

Thermal Regulation 

When power is dissipated in an IC, a temperature gradient 
occurs across the IC chip affecting the individual IC cir
cuit components. With an IC regulator, this gradient can 
be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature gra
dients on output voltage (in percentage output change) 
per watt of power change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within 5 ms to 50 ms 
after a change in power dissipation. Thermal regulation 
depends on IC layout as well as electrical design. The ther· 
mal regulation of a voltage regulator is defined as the 
percentage change of VOUT, per watt, within the first 10 ms 
after a step of power is applied. The LM317L specification 
is 0.2%/W, maximum. 

In the Thermal Regulation curve at the bottom of page 3, a 
typical LM317L's output changes only 7 mV (or 0.07% of 
VOUT= -10V) when a 1W pulse is applied for 10 ms. This 
performance is thus well inside the specification limit of 
0.2%/W x 1W = 0.2% maximum. When the 1W pulse is 
ended, the thermal regulation again shows a 7 mV change 
as the gradients across the LM317L chip die out. Note that 
the load regulation error of about 14 mV (0.14%) is addi
tional to the thermal regulation error. 

Protection Diodes 

When external capacitors are used with any'lC regulator It 
is sometimes necessary to add protection diodes to pre-

...... 
LM317L 

vent the capacitors from discharging through low current 
points into the regulator. Most 10 "F capacitors have low 
enough internal series resistance to deliver 20A spikes 
when shorted. Although the surge is short, there is enough 
energy to damage parts of the IC. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capaCitor will discharge in· 
to the output of the regulator. The discharge current 
depends on the value of the capaCitor, the output voltage 
of the regulator, and the rate of decrease of VIN' In the 
LM317L, this discharge path is through a large junction 
that is able to sustain a 2A surge with no problem. This is 
not true of other types of positive regulators. For output 
capacitors of 25"F or less, the LM317L's ballast resistors 
and output structure limit the peak current to a low 
enough level so that there is no need to use a protection 
diode. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 
occurs when either the input or output is shorted. Internal 
to the LM317L is a 5011 resistor which limits the peak dis
charge current. No protection is needed for output volt
ages of 25V or less and 10 "F capaCitance. Figure 3 shows 
an LM317L with protection diodes included for use with 
outputs greater than 25V and high value~ of output 
capaCitance . 

VIN - U VIN VOUT II--i .... _~ __ - T--- VOUT 
""'I AOJ 'I -L-

02 - ~ > Rl Cl 
lN400d~ • 240 T 

+ _ ..... C2 

110~F 
VOUT = 1.25V (1 + ~ ) :,. R2 IAOJ 

01 protects against Cl 

02 protects against C2 

FIGURE 3. Regulator with Protection Diodes 
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Typical Applications (Continued) 

Digitally Selected Outputs 

v'N-----I 

,NPUTS 

t----4f~VOUT ., 
240 

"Sets maximum VOUT 

Adjustsble Current Limiter 

............... 1.2 
I-4 ..... W"'""_'OUT· R1 

L...--T----' 

12sAls240 

Slow Tum·On 15V Regulator 

~~ ______ ~~~~T 

~~ ...... 
Rl 
241 

Cl 
26,<F 

High Stability 10V Regulator 

H~--..... - ~3J'T 

LM329 

R3 
2B1 
1% 

Rl 
2k 
5% R2 

Uk 
1% 
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High Gain Amplifier 

LM311L 

., 
10k 

'NPUT -'\M..-tH 

R2 
12 

Precision Current Limiter 

Adjustable Regulator with Improved 
Ripple Rejection 

tSolidtantaium 

"Discharges Cl If output is shorted to ground 

Adjustable Regulator with Current Limiter 

r----.,+ 
I I 
, I 
I , 
I I 
I I 
I TRANSFORMER,: , :~~T:r~~:~ I 

",,+--VOUT·1.Z50V (~+1) 
~,.;.;r---~ 

, CAPACITOR , 
I , 
, I 
I , 
I , 
, I 

I' ~-~~~Yr~ L _____ .1 

Short circuit current is approximately 600 mV/A3, or 60 mA 
(compared to LM317LZ's 200 rnA current limit), 

At 25 rnA output only 314V of drop occurs in A3 and A4. 



Typical Applications (Continued) 

OV-30V Regulator Regulator With 15 mA Short Circuit Current Power Follower 

-10V 

100 mA Current Regulator 

Adjusting Multiple On-Card Regulators 
with Single Control* 

t-.... - VOUT VIN 

15V 

1.2V-12V Regulator with 
Minimum Program Current 

* Minimum load currant_2 mA 
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10V--40V 

Cl . 

*O.I~r-F_ ........ 

INPUT -"""",. ......... 
HI 
10k 

LM317L 

·'~lIoUlpUI.wllhln ., 100 mV 

t Minimum load-5 mA 

LM395 

OUTPUT 

R2 
12 

50 mA Constant Current BaHery Charger 
for Nlckel·Cadmlum BaHeries 



Typical Ailplications (Continued) 

5Y logic Regulator with 
Electronic Shutdown· 

Mt-4'-:OUT 
"'-.-r;..-. ... 

* Minimum outpul-1.2V 

C2 
O.lpF 

lk 

Current Limited BV Charger 

VIN 
aVTD 30V 

• Sel. peak currenl, IpEAK = O.6V/RI 

* • 1000 pF Is recommended 10'fIIler 
oul any Input Iransienls. 

240 

Uk 

AI 
10· 

Short Circuit Protected 80Y Supply 

115~~11'-+----4 
BlACK·YELLOW 
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11/8 AMP, TYPEIAG 
I FUSE OR CIRCUIT BREAKER 

I 
oJ 

--

33V 
lW 



typical Applications (Continued) 

Basic High Voltage Regulator 

VIN~17'V---4""----"'-"" 

Qt, Q2: NSDt34 or similar 

Ct, C2: t ~F,.200V mylar 

"Heet.lnk 

02 
lN4801 

VOUT 
LM317L VOUT t--t----+-::O~~25mA 

ADJ H7 

H4 
100 

H6 
20k 
&W 

H5 
t50 

2.7 

Prlcilion High Volt. Regulator 

VIN~17OV ---4~----+-.., 

Qt, Q2: NSDt34 or similar 

Ct, C2: 1 ~F, 200V myla, 

*Heat.lnk 

02 
tN400t 

LM317L 

ADJ· 
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VOUT 
VOUT.t-t--",-+-+-8VTO 

H5 
Uk 

H7 
20k 
&W 

t60VI25mA 

HI 
2.7 



Typical Applications (Continued) 

Tracking Regulator 

H .... _ .... -VOUT 

4.1k 

-VIN -4 .... ----.... 

Al = LM30IA, LM307, or LFI3741 oniy 

Rl 
10k' 

r-r GNO 

R2 ~. _~._ •• 
10k' II'F TANTALUM 

AI, A2-matched resistors with good TC tracking 

Regulator with Trimmable Output Voltage 

VIN (25V TO 40V) 

Trim Procedura: 

VOUT (22V ±1%) 

Rl 
249 
1% 

R2 
3.92k 
1% 

R4 
B.2k 
5% 

R5 
16k 
5% 

-If VOUT Is 23.08V or higher, cut out R3 (if iower, don't 
cut it out). 

-Then if VOUT is 22.47V or higher, cut out A4 (if lower, 
don't). 

-Then if VOUT is 22.16V or higher, cut out A5 (if lower, 
don't). 

This will trim the output to well within :!: I % of 
22.00 VOC, without any of the expense or uncertainty of 
a trim pot (see LB-46). Of course, this technique can be 
used at any output voitage level. 

Precision Reference with Short·Clrcuit· 
Proof Output 

15V--~------------~e------, 

r 
I 
I 
I 
I 
I 
I 
L 

C::~~:-----e~---------4~---------------4~----------.r 
* R1-R4 from thin-film network, 

Beckman 694-3-A2K·O or similar 
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10.000V OUTPUT 
1 ppmf'CMAX 

OUTPUT 
RETURN 



~National 
~ Semiconductor 

Voltage Regulators 

LM320LlLM320ML Series 
3-Terminal Negative Regulators 
General Description 
The LM320L/LM320M L series of 3-terminal negative 
voltage regulators features fixed output voltages of -5V, 
-12V, and -15V, with output current capabilities in 
excess of 100 mA, for the Ll'y1320L series, and 250 mA 
for the LM320M L series. These devices were designed 
using the latest computer techniques for optimizing the 
packaged Ie thermal/electrical performance. The 
LM320L/LM320ML series"even when combined with a 
minimum output compensation Capacitor of 0.1 fJ.F, 
exhibits an excellent transient response, a maximum 
line regulation of 0.07% VON, and a maximum load 
regulation of 0.01% VO/mA. 

The LM320LlLM320ML series also includes, as self· 
protection 'circuitry: safe operating area circuitry for 
output transistor power dissipation limiting, a tempera· 
ture independent sho(t circuit current limit for peak 
output current limiting, and a thermal shutdown circuit 
to prevent excessive junction temperature. Although 
designed primarily as fixed voltage regulators, these 
devices may be combined with simple external circuitry 
for boosted and/or adjustable voltages and currents. The 
LM320L series is available, in the 3-lead TO-92 package, 
and the LM320ML series is available in the 3·lead 
TO-202 package. 

Connection Diagrams 

TO·202 Power Package (PI 

o 

I 
.'0_ ~DUTPUT 

-INPUT 

FAO!IITVIEW 

Order Numbers: 

LM320MLP-5.0 
LM320MLP·12 
LM320MLp-15 

See Pack_ P03A 

For Tab Band TO-202 
Order Number.: 

LM320MLP-5.0 TB 
LM320MLP-12 TB 
'LM320MLP·15 TB 
See Package P03E 

1·122 

For output voltages other than -5V, -12V and -15V, 
the LM 137 series provides an output voltage range 
from -1.2V to -47V. 

Features 
• Preset output voltage error is less than ±5% over load, 

line and temperature 
• LM320L is specified at an output current of 100 mA 
• LM320M L is specified at an output current of 250 mA 
• Internal short'circuit, thermal and safe operating area 

protection 
• Easily adjustable to higher output voltages 
• Maximum line regulation less than 0.07% VOUTIV 
• Maximum load regulation less than 0.01% VOUT/mA 
• Easily 'compensated with a small 0.1 J.lF output 

capacitor 

DEVICE 

LM320ML 

LM320L 

RATED 
PACKAGE POWER 

DISSIPATION 

TO-202 7.5W 

TO·92 0.6W 

TO·92 Plastic Package (ZI 

BonOMVIEW 

Order Numbers: 

LM320LZ·5.0 
LM320LZ·12 
LM320LZ·15 

See Package Z03A 

DESIGN 
OUtPUT 

CURRENT 

0.25A 

O.IA 



Absolute Maximum Ratings 
Input Voltage 
VOUT= -5V 12V and 15V -35V 
Internal Power Dissipation 

(Notes 1 and 3) Internally Limited 
Operating Temperature Range O·Cto +70·C 
Maximum Junction Temperature + 125·C 
Storage Temperature Range 

Molded TO-92 - 55·Cto + 150·C 
Molded TO-202 -65·Cto +150·C 

Lead Temperature 
(Soldering, 10 seconds) 300·C 

Electrical Characteristics LM320ML (Note 2) T A = O·C to + 70·C unless otherwise noted. 

OUTPUT VOLTAGE -5V -t2V -t5V 

INPUT VOLTAGE (unless otherwise noted) -tOY -17V -20V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage Tj =25°C, 10 =250 mA -5.2 -5 -4.8 -12.5 -12 -11.5 -15.6 -15 -14.4 

1 mA.; '0'; 250 mA -5.25 -4.75 -12.6 -11.4 -15.75 -14.25 V 

(VMIN " Y,N " VMAX) (-20" Y,N "-7.5) (-27.; V,N" -14.8) (-30'; V,N'; -18) 

6.VO Line Regulation Tj =25°C, 10 =250 mA 50 40 40 mV 

(VMIN " Y,N " VMAX) (-25" V,N'; -7.3) (-30'; V,N" -14.6) (-30" V,N" 17.7) V 

6.VO Load Regulation Tj=25°C 50 120 150 mV 

1 mA " 10 " 250 mA 

6.VO Long Term Stability 10=250 mA 20 48 60 mV/khr 

IQ Quiescent Current 10 =250 mA 2 6 2 6 2 6 mA 

6.IQ Quiescent Current 1 mA" 10 " 250 mA 0.3 0.3 0.3 mA 
Change 10=250 mA 0.25 0.25 0.25 

(VMIN " V,N " VMAX) (-20" VIN" -7.5) (-27" V,N" -14.8) (-30'; V,N'; -18) V 

Vn Output Noise Voltage Tj _25°C, 10 =250 mA 40 100 120 ~V 
1 = 10 Hz-l0 kHz 

6.V,N Ripple Rejection Tj = 25°C, 10 = 250 mA 54 56 54 dB 
6.VO 1=120 Hz 

Input Voltage Required Tj=25°C -7.3 -14.6 -17.7 V 
to Maintain Line 10=250 mA 
Regulation 

Note 1: Thermal resistance 01 the TO·202 Package (P) without a heat sink is 12°C/W junction to case and 70°C/W case to ambient. 

Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used. 

Note 3: Thermal resistance, junction to ambient, 01 the TO·92 (Z) Package is 180 °C/W when mounted with 0.40 inch leads on a PC board, and 
160°C/W when mounted with 0.25 inch leads on a PC board. 
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Electrical Characteristics LM320L . (Note 4) TA=O·C to + 70·C unless otherwise noted . 

OUTPUT VOLTAGE -SV -12V -15V 

INPUT VOLTAGE (unless otherwise noted) -10V -17V -20V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage TI =25·C, 10= 100 rnA -5.2 -5 -4.8 -12.5 ":12 -11.5 -15.6 -15 -14.4 

lmA"lo"100mA -5.25 -4.75 -12.6 -11·.4 -15.75 -14.25 

VMIN" VIN " VMAX (-20" VIN" -7.5) (-27" VIN" -14.8) (-30" VIN" -18) V 

1 mA" 10" 40 rnA -5.25 -4.75 -12.6 -11.4 -15.75 -1425 

VMIN " VIN " VMAX (-20" VIN" -7) (-27" -14.5) (-30" VIN" -17.5) 

"'VO Line Regulation TI =25·C, 10= 100 mA 60 45 45 mV 

VMIN " VIN " VMAX (-20" VIN" -7.3) (-27 .. VIN" -14.6) (-30" VIN" -17.7) V 

Tj =25·C, 10=40 mA 60 45 45 mV 

VMIN " VIN " VMAX (-20"VIN" -7) (-27' VIN" -14.5) (-30" VIN" -17.5) V 

"'VO Load Regulation Tj=25·C 50 100 125 mV 
I mA"IO" 100mA 

"'VO Long Term Stability 10=100mA 20 48 60 mVlkhr 

IQ Quiescent Current 10=100 mA 2 6 2 6 2 6 mA 

"'IQ Quiescent Current I mA"IO" 100mA 0.3 0.3 0.3 
Change mA 

1 mA" 10" 40mA 0.1 0.1 0.1 

10=100mA 0.25 0.25 0.25 mA 

VMIN " VIN " VMAX (-20" VIN" -7.5) (-27" VIN" -14.8) (-30" VIN" -18) V 

Vn Output Noise Voltage Tj =25·,10= 100 mA 40 96 120 ~V 
f = 10 Hz-l0 kHz 

",VIN Ripple Rejection Tj =25·C, 10= 100 mA 50 52 50 dB 
'XiJQ f=120Hz 

Input Voltage TI=25· 
Required to Maintain 10=100 mA -7.3 -14.6 -17.7 V 
Line Regulation 10=40 mA -7.0 -14.5 -17.5 

Note 4: To ensure constant junction temperature, low duty cycle pulse testing Is used. 

I 
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Typical Performance Characteristics 
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Dropout Voltage, LM320L 

-5V 

",VOUT"tOOmv 

...!!,UT-l00mA .1: lour=40 mA --10UT=OmA 

o 25 50 75 100 125 

JUNCTION TEMPERATURe (OCI 

Output Voltage vs. 

Temperature (Normalized 

to 1V at Tj = 25°CI 
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Maximum Average Power 

Dissipation (T()'921 

LM320L- O.12S"lEAD LENGTH 
FADM PC BOARD -:-. FREE AIR -:-...... 

~-..........L 

I ~ 
0.4" LEAD LENGTH 
FROM PC BOARD 

FRETR I -

o 15 3D 45 6D 75 

. AMBIENT TEMPERATURE (OCI 

Dropout Voltage, LM320ML, 

-5V 

AIOUT = 100 mV 
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Schematic Diagrams 
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Typical Applications 

Fixed Output Regulator 

Cl* + 
O.JJpF 

-VINo--",--f LMJ20 1--..... --0 -Your 

. *Required if the regulator is located far from the power supply 
filter. A 1 IlF aluminum electrolytic may be substituted.· 

**Required for stability. A 11lF aluminum electrolytic may 
be substituted. 

Cl 
O.JJpF 

+ 

Adjustable Output Regulator 

-VIN 0-.... --/ 1--..... -----4 ..... 0 -Yo 

-Vo = -SV - (SV/Rl + 10) • R2, 
SV/Rl > 310 

:: 
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i ~Nattonal :s ~ Semiconductor 
Voltage Regulators 

LM330 3-Tenninal Positive Regulator 
General Description 
The LM330 5V 3-terminal positive voltage regulator 
features an ability to source 150 rnA of output current with 
an input-output differential of O_SV or less. Familiar 
regulator features such as current limit and thermal over
load protection are also provided. 

The low dropout voltage makes the LM330 useful for cer
tain battery applications since this feature allows a longer 
battery discharge before the output falls out of regulation. 
For example, a battery supplying the regulator input 
voitage may discharge to 5.SV and still properly regulate 
the system and load voltage. Supporting this feature, the 
LM330 protects both itself and regulated systems from 
negative voltage inputs resulting from reverse installa
tions of batteries. 

Other protection features inolude line transient protection 
up to 2SV, when the output actually shuts down to avoid 
damaging internal and external circuits. Also, the LM330 
regulator cannot be harmed by a temporary mirror-image 
insertion. 

Schematic and Connection Diagrams 

Features 
• Input-output differentiai less than 0.6V 
• Output current of 150 rnA 
• Reverse battery protection 
• Line transient protection 
• Internal short circuit current limit 
• Internal thermai overload protection 
• Mirror-Image Insertion protection 
• 100% electrical burn-in In the thermal limit 

Voltage Range 
LM330T-5.0 5V 

(T0-220) 
. Plastic Package 

FRONT VIEW 

Order Number LM330T·5.0 
See NS Package T038 

1·126 



Absolute Maximum Ratings 

Input Voltage 
Operating Range 26V 
Line Transient Protection (1000 ms) 40V 

Internal Power Dissipation Internally Limited 

Operating Temperature Range O·Cto + 70·C 

Maximum Junction Temperature +125·C 
Storage Temperature Range -65·Cto +150·C 
Lead Temperature (Soldering, 10 seconds) +300·C 

Electrical Characteristics (Note 1) 

Parameter Conditions Min Typ Max Units 

Vo Output Voltage Tj =25·C 4.8 5 5.2 
V 

Output Voltage 5< 10< 150 mA 
4.75 5.25 

Over Temp 6 < VIN < 26V; 0·C:5Tj :5100·C 

AVo Line Regulation 9<VIN <16V,lo =5rnA 7 25 
6<VIN <26V, 10=5 mA 30 60 rnV 

Load Regulation 5< 10< 150 mA 14 50 

Long Term Stability 20 mV/1000 hrs 

10 Quiescent Current 10=10 rnA 3.5 7 
10=50 mA 5 11 
10= 150 mA 18 40 rnA 

Line Transient VIN =40V, RL=10011, 1 sec 14 
Reverse Polarity VIN = -6V, RL = 10011 -80 

Ala Quiescent Current 
6<VIN <26V 10 % 

Change 

VIN Overvoltage Shutdown 
26 30 Voltage 

Max Line Transient 100 ms Va:55.5V 60 
V 

1 sec Vo:55.5V 50 

Reverse Polarity 100 ms Va> -0.3V RL=10011 -30 
Input Voltage DC Va> ~0.3V RL = 10011 -12 

Output Noise Voltage 10 Hz-100 kHz 50 I'V 

Output Impedance 10 = 100 mADC + 10 mArms 200 mil 

Ripple Rejection 56 dB 

Current Limit 150 400 700 mA 

Dropout Voltage 10= 150 mA ·0.32 0.6 V 

Thermal Resistance Junction to Case 4 
·C/W 

Junction to Ambient 50 

Nole 1: Unless otherwise specified: VIN ~ 14V, la~ 150 mA, Ti ~ 25°C, Cl ~ 0.1 .F, C2 ~ 10 .F. All characteristics except noise voltage and ripple rejection 
are measured using pulse techniques (tw:S; 10 ms, duty cycle s 5%). Output voltage changes due to changes In Internal temperature must be taken Into 
account separately. 
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Typical Perfonnance Characteristics 
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Typical Performance Characteristics (Continued) 

Peak Output Current 
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Quiescent Current 
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Typical Performance Characteristics (Continued) 

Output Impedance Overvoltage Supply Current Reverse Supply Current . 

10 

§ .. .. 
z .. 
co 

~ 

3D 

25 

" .§ 
20 .... 

el 
0: 15 0: 

B 

RL'100n 
Ti' 25°C 

lo'50mA 
Ti· 25°C 

If".... 

t-= 0.1 
I!: 

~ 10 
II: 

V 

= co ill 

0.01 

" 
,. 

./ 

" .§ 

50 

~ -50 

0: 

~ -100 .. 
~ It -150 
ill 

-200 

-250 

Ti· 25°C 

./ 
V 

LV 
/ ...... 

,/ 

10 100 lk 10k lOOk 1M 20 25 3D 35 40 -12 -10 -B -6 -4 -2 

FREOUENCY (Hz) INPUT VOLTAGE (V) INPUT VOLTAGE (V) 

Output at Reverse Supply Output at Overvoltage 
Output Voltage (Normalized 
to SV at TJ = 2S0C) 

0.1 
RL .~ 
Ti = 25°C 

2 .. .. 
~ 

-0.1 CI .. 
t-

~ 

,/ 

I-f-" 
~ 

= -02 CI 

-0.3 
-12 -10 -B -6 -4' -2 

If 

0.2 

2 0.15 
w 
to 

~ o 0.1 .. .... = I!: 
~ 0.05 

l-

3D 

RL =~ 
Tj' 25°C 

-
I--

35 40 

5.025 

2 
~ 5.000 

~ 
CI 
;: 4.975 

= 
~ 
CI 4.950 

ffi 
N 

~ 4,925 
:; 
0: 
CI 
z 4.900 

~ "'-

" I\. 

vlf14V 

-60 -40 -20 0 20 40 60 Bo 100 120 140 

INPUT VOLTAGE (V) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (OC) 

Typical Applications 
The LM330 is designed specifically to operate at lower In
put to output voltages. The device Is designed utilizing a 
power lateral PNP transistor which reduces dropout 
voltage from 2.0V to O.3V when compared to IC regulators 
using NPN pass transistors. Since the LM330 can operate 
at a much lower input voltage, the device power dissipa
tion Is reduced, heat sinking can be simpler and device 

VIN 
UNREGULATED 

INPUT 

"Required If regulator is located far 
from power supply filter. 

""C2 may be either an Aluminum or 
Tantalum type capacitor but must be 
rated to operate at -40·C to guarantee 
regulator stability to that temperature 
extreme. 10~F Is the minimum value 
required for stability and may be 
Increased without bound. Locate as 
close as possible to the regulation. 

reliability Improved through lower chip operating 
temperature. Also, a cost savings can be utilized through 
use of lower powerlvoltage components. In applications 
utilizing battery power, the LM330 allows the battery 
voltage to drop to within O.3V of output voltage prior to the 
voltage regulator dropping out of regulation. 
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Note: Compared to IC regulator with 2.0V dropout 
voltage and IOmax.=6.0mA. 
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Definition of Terms 

Dropout Voltage: The input·output voltage differential at 
which the circuit ceases to regulate against further 
reduction in input voltage. Measured when the output 
voltage has dropped 100 mV from ·the nominal value 
obtained at 14V input, dropout voltage is dependent upon 
load current and junction temperature. 

Input Voltege: The DC voltage applied to the input ter· 
minals with respect to ground. 

Input·Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques· such that the average chip temperature is not 
significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 
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Long Term Stability: Output voltage stability under 
accelerated life·test conditions after 1000 hours with 
maximum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak·to·peak input rip· 
pie voltage to the peak·to·peak output ripple voltage. 

Temperature Stability of Vo: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 



~National ' 
~ Semiconductor 

Voltage Regulators' 
PRELIMINARY 

LM337L 3·Terminal Adjustable Regulator 
General Description 
The LM337L is an adjustable 3-terminal negative voltage 
regulator capable of supplying'100 mA over a 1.2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Fur
thermore, both line and load regulation are better than 
standard fixed regulators. Also, the LM337L is packaged 
in a standard TO-92 transistor package which is easy to 
use. 

In addition to higher performance than fixed regulators, 
the LM337Loffers full overload protection. Included on the 
chip are current limit, thermal overload protection and 
safe area protection. All overload protection circuitry 
remains fully functional even if the adjustment terminal is 
disconnected. 

Features 
• Adjustable output down to 1.2V 
• Guaranteed 100 mA output current 
• Line regulation typically 0.01 %N 
• Load regulation typically 0.1 % 

• Current limit constant with temperature 
• Eliminates the need to stock many voltages 
• Standard 3-lead transistor package 

• 80 dB ripple rejection 

Normally, only a single 1/,F soUd tantalum output capaci
tor is needed unless the device is situated far from the 
input filter capacitors, in which case an input bypass is 
needed. A larger output capaCitor can be added to improve 
transient response. The adjustment terminal can be by
.passed to achieve very high ripple rejection ratios which 
are difficult to achieve with standard 3-terminal regulators. 

Typical Applications 
1_2V-2SV Adjustable Regulator 

,A 

;~C2' 
l,oJ 

-VIN 
vlNI lMJJ7L (VOUT 

I I 

-VOUT= -1,2SV (1 + ~) 
24011 

1.2 
-4:-

;~ c. t 'p' 
o. 
2.0 

-VOUT 

tC1 = 1,...Fsolidtantalumor10IlFaluminumelectrolyticre
qui red for stability 

·C2 = 11lF solid tantalum is required only if regulator Is 
more than 4" from power supply filter capacitor 

Besides replacing fixed regulators, the LM337L is useful 
in a wide variety of other applications. Since the regulator 
is "floating" and sees only the input-te-output differential 
voltage, supplies of several hundred volts can be regu
lated as long'as the maximum Input:to-output differential 
is not exceeded. 

Also, It makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by connect-, 
ing a fixed resistor between the adjustment and output, 
the LM337L can be used as a preCision current regulator." 
Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground which pro
grams the output to 1.2V where most loads draw little 
current. 

The LM337L is packaged in a standard TO-92 transistor 
package. The LM337L is rated for operation over a - 25°C 
to + 125°C range. 

For applications requiring greater output current in ex
cess of 0.5A and 1.5A, see LM137 series data- sheets. For 
the positive complement, see series LM117 and LM317L 
data sheets. 

Connection Diagram 

'O~VIN 

vou><--/ 
BOTTOM VIEW 

Order Number LM337LZ 
See NS Package Z03A 

Regulator with Trlmmable Output Voltage 

02 
3.9b1" 

O. 
2.9 
.% 

03 
3.9' 
5% 

O. 
8.2k 
5% 

lM331L I AOJVOUTII-_.V'--________ .... _ VOUT 
~I VIN (-22V:!:1%) 

I -VIN (-25V TO -40VI 

Trim Procedure: 
-If VOUT Is -23,08Vor bigger. cut out A3(lf smaller. don't 

cut it out). 

-Then If VOUT Is - 22.47V or bigger. cut out A4 (If smaller, 
don·t). 

-Then if VOUT Is - 22,16V or bigger, cut out AS (if smaller. 
don·t). 

This will trim the output to well within 1% of -22.00 VOC, 
without any of the expense or trouble of a trim pot (see 
LB-46). Of course. this technique can be used at any output 
voltage level. 
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Absolute Maximum Ratings 
Power Dissipation Internally Limited Operating Junction Temperature Range -25'Cto +125'C 

Input-Output Voltage Differential 40V Storage Temperature -55'Cto +150'C 

Lead Temperature(Soldering, 10 seconds) 300'C 

Electrical Characteristics (Note 1) 

Parameter Conditions Min Typ Max Units 

Line Regulation TA = 25'C, 3V s I VIN-VOUT I s 40V, 0.01 0.04 'ioN 
(Note 2) 

Load Regulation TA = 25'C, 5 rnA s lOUT s IMAX, (Note 2) 0.1 0.5 % 

Thermal Regulation TA = 25'C, 10 ms Pulse 0.04 0.2 %/W 

Adjustment Pin Current 50 100 ~A 

Adjustment Pin Current Change 5 mAsILsl00 rnA 0.2 5 ~A 

3V s I V1N-VOUT I s 40V 

Reference Voltage 3V s I VIN-VOUT I s 40V, (Note 3) 1.20 ·1.25 1.30 .V 
10 mAs lOUTS 100 rnA, Ps625 mW 

Line Regulation , 3V s I V1N-VOUT I s 40V, (Note 2) • 0.02 0.07 %IV 

Load Regulation 5 rnA s lOUTS 100 rnA, (Note 2) 0.3 1.5 % 

Temperature Stability TMINSljsTMAX 0.65 % 

Minimum Load Current IV1N-VOUTI s40V 3.5 5 rnA 

3V s I V1N-VOUT I s 15V 2.2 3.5 rnA 

'Current Limit 3Vs I V1N-VOUT I s13V 100 200 320 rnA 

I V1N-VOUT I = 40V 25 50 120 rnA 

Rms Output Noise, % of VOUT TA=25'C, 10 Hzsfs 10 kHz 0.003 % 

Ripple Rejection Ratio VOUT = -10V, f = 120 Hz, CADJ = 0 65 dB 

CADJ= 10pF 66 80 dB 

Long·Term Stability TA=125'C 0.3 1 % 

Nole 1: Unless otherwise specified, these specifications apply -25'CsTj" +125'C for the LM337L; IVIN-VOUTI =5V and IOUT=40 rnA. 
Although power dissipation Is Internally limited, these specifications are applicable for power dissipations up to 625 mW. IMAX is 100 mAo 
Nole 2: Regulation Is measured at constant Junction temperature, using pulse testing with a low duty cycle. Changes In output voltage due to 
heating effects are covered under the specification for thermal regulation. 
Nole 3: Thermal resistance of the TO·92 package Is 180'CIW junction to ambient with 0.4 "leads from a PC board and 160'CIW junction to ambient 
with 0.125· iead length to PC board. 
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LM341 Series 3-Terminal Positive Regulators 

General Description 
The LM341·XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regula.tors these devices can. be used 
with external components to obtain adjustable voltages 
and currents. 

The LM341-XX series is available in the plastic TO·202 
package. This package allows these regulators to deliver 
over O.SA if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis' 
tor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the Ie from overheating. 

Considerable effort was expended to make the LM341·XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve trarisient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For output voltage other than SV, 12V and ISV the 
LM 117 series provides an output voltage range from 
1.2V to 57V. 

Features 
.• Output current in excess of O.SA 
• Internal thermal overload protection' 
• No external components required 
• Output transistor safe area protection 
• Internal short circuit current limit 
.. Available in plastic TO·202 package 
• Special circuitry allows start·up even if output is 

pulled to negative voltag!l (± supplies) 

Schematic and Connection Diagrams 
r-.... ----4...--------.-----~--..... -oVIN 

"" '.5 

L.....--'IoIVY-If---+-+-OV.UT 
"20 
1kYOZOk 

I----.....;;.;-+----+------t ('V) 
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Plastic Package 

o 
GND 

INPUT ___ _OUTPUT 

LGND 

FRONT VIEW 

Order Numbers 
LM341P-6.0 
LM341P·12 
LM341P·15 

See Package P03A 

For Tab Bend TO'202 
Order Numbers 
LM341P-6.0 TB 
LM341p·12 TB 
LM341p·15 TB 

See Package POlE 



Absolute Maximum Ratings 
Input Voltage 

(VO=5V,12V,15V) 35V 
Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range O·Cto +70·C 
Maximum Junction Temperature +125·C 
Storage Temperature Range - 65·C to + 150·C 
Lead Temperature (Soldering, 10 seconds) +230·C 

Electrical Characteristics T A = o·c to 70 ·C, 10 = 500 mA, unless otherwise noted. 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage Tj; 25'C 4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 V 

PO" 7.5W. 5mA" 'o,,:al rnA 4.75 5.25 11.4 12.6 14.25 15.75 V 

and VMIN " VIN " VMAX (7.5" VIN " 20) (14.8" VIN " 27) (18" VIN " 30) V 

" Vo Line Regulation Tj; 25'C. 10; 100 mA 50 120 150 mV 
Tj ;25'C. 10 ;500 rnA 100 240 300 mV 

(7.2" VIN <; 25) (14.5 <; VIN <; 30) (17.6 <; VIN " 30) V 

" Vo Load Regulation Tj;25'C,5mA" 10" :almA 100 240 300 mV 

" Vo Long Term Stability 20 48 60 mVlkhrs 

IQ Quiescent Current Tj; 25'C 4 10 4 10 4 10 rnA 

"IQ Quiescent Current Tj; 25'C 0.5 0.5 0.5 mA 
Change 5 mA " 10 " 500 mA 

Tj ;25'C 1 1 1 rnA 

VMIN " VIN " VMAX (7.5" VIN " 25) (14.8" VIN " 30) (18" VIN " 30) V 

Vn Output Noise Voltage Tj; 25'C, I; 10 Hz -100kHz 40 75 90 ~V 

"VIN Ripple Rejection 
"VOUT 

f;120 Hz 78 71 69 dB 

Input Voltage Tj; 25'C, 10; 500 mA 7.2 14.5 17.6 V 
Required to 
Maintain Line 
Regulation 

Note 1: Thermal resistance without a heat sink for junction to case temperature is 12'C/W for the TO-202 package. Thermal resistance for 
case to ambient temperature is 70 'C/W for the TO·202 package. 

1-137 



Typical Performance Characteristics 

Maximum Average Power 
DisSipation Peak Output Current Ripple Rejection 
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90 2.5 

i;;;;!oL,s!omA 

1.015 
I-120Hz > 
V,N - VOUT "IVOC ~ ~1.010 

+ 3.5 Vrms ~ 
~.O .. .. 

m BO lOUT" 500mA ;:: ~ 1.005 :!! 
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~ ~ z > .1 .. 
~ PAR ' VIN 

1.5 -IOUT'250mA r- 5 ..... ...... r-..... 
;;: 10 LM1BM05C.IOV • c; ~, ~ 0.995 

:--... a: LM1BMI2C.19V ... 1.0 co 

" lOUr 0.0 r r- ~ 0.990 .. LM1BMI5C. 23~ 
~ I-~ 

~ 60 ~ 0.985 

~ 0.5 

.. WO~T" 10~mv 
:I! 
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0 5 10 15 20 25 0 25 50 15 100 125 150 0 25 50 15 100 125 150 

OUTPUT VOLTAGE (VI JUNCTION TEMPERATURE rC) JUNCTION TEMPERATURE rCI 

Quiescent Current Quiescent Current Output Impedance 

6.0 4.5 10 
VOUT' 5V VIN"0V 

" 5.5 'OUT=5mA 

" 
VOUT' 5V 

oS Tj' 25"C oS 4.0 ~ S lOUT' 250 mA ./ 
... ... -r- .. 1.0 

TI" 25"C 
ffi 5.0 i " z 

~ r-, ;\l 
,/ 

4.5 3.5 ::! 0.1 

E I-~ 
r- ... ! 

I-- i 5 
i1i 4.0 If 3.0 ~ 0.81 LJ 
is is VIN"DV .. .. 3.5 .. 

VOUT' 5V 
IOUT=5mA 

3.0 2.5 0.001 
5 10 15 20 25 3D 35 0 25 50 15 100 125 150 10 100 lk 10k lOOk 1M 

INPUT VOLTAGE (VI JUNCTION TEMPERATURE rCI FREQUENCY (HzI 
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~National 
~ Semiconductor 

Voltage Regulators 

LM342 Series 3·Terminal Positive Regulators 
General Description 
The LM342·XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
loca~ on card regulation, eliminating the distribution 
problems associated with single point regu lation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation" HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and cu rrents. 

The LM342·XX series is available in the plastic TO·202 
package. This package allows these regulators to deliver 
over O.25A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis· 
tor is provided to limit internal power dissipation. If 
internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the IC from overheating. 

Considerable effort was expended to make the LM342·XX 
series of regulators easy to use and minimize the number 

Schematic and Connection Diagrams 

of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the 
LM 117 series provides an output voltage range from 
1.2V to 57V. 

Features 
• Output current in excess of O.25A 
• Internal thermal overload protection 
• No external components required 
• Output transistor safe area protection 
• Internal short circuit current limit 
• Available in plastic TO·202 package 
• Special circuitry allows start·up even if output is 

pulled to negative voltage (± supplies) 

Voltage Range 
LM342·5.0 5V 
LM342·12 12V 
LM342·15 15V 

r--...... --~-------------~--..... ---...... -Ov" 

.9 

., 
RI R. 
389k 18k 

•• 

R. 
284k 

.B 

All 

" 
'-------1-.... -+-0 VOUT 

C1 .,F R12 

RB 
15k 

R13 
Z2Jk 

L-~_~~ __ ~~~"" ___ ~~ ___________ ~~GN. 

1·139 

Plastic Package 

o 
GND 

INPUT_ _OUTPUT 

L GN• 

fRONT VIEW 

Order Numbers: 

LM342p·5.0 
LM342p·12 
LM342p·15 

See Package P03A 

For Tab' Bend TO·202 
Order Numbers: 
LM342p·5.0 TB 
LM342P·12 TB 
LM342p·15 TB 

See Package POlE 



Absolute Maximum Ratings 
Input Voltage 

Va=;5V 30V 
Va ='12Vand 15V 35V 

Internal Power Dissipation 
(Note 1) Internally Limited 

Operating Temperature Range O·Cto +70·C 
Maximum Junction Temperature 125·C 
Storage Temperature Range. -65·Cto +150·C 
Lead Temperature (Soldering, 10 Seconds) 300·C 

, 
Electrical Characteristics ITA = O·C to '+70 ·C,; 10 = 250 rnA (Note 2) unless noted. 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage T] =25'C 4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 V 

(Note 3) 1 mA " 10 " 250 mA and 4.75 5.25 11.4 12.6 14.25 15.75 V 

VMIN " VIN " VMAX (7.5" VIN " 20) (14.8" VIN " 27) (18" VIN " 30) V 

DoVO Line Regulation T] =25'C, 10=250 mA 55 100 100 mV 
(7.3" VIN " 25) (14.6" VIN " 30) (17.7" VIN" 30) V 

DoVO Load Regulation T] = 25'C, 1 mA" 10" 250 mA 50 120 150 mV 

DoVO long Term Stability 20 48 60 mV/khrs 

IQ Quiescent Current T] =25'C 6 6 6 mA 

DoIQ Quiescent Current Tj=25'C,1 mA" 10" 250mA 0.5 0.5 0.5 mA 

Change Tj = 25'C, VMIN" VIN" VMAX 1.5 1.5 1.5 mA 
(7.3" VIN " 25) (14.6" VIN " 30) (17.7" VIN" 30) V 

Vn Output Noise Voltage Tj=25'C, 1=10 Hz-10 kHz 40 ·96 120 "V 
DoV . 

Do V IN Ripple Rejection 1=120 Hz 50 64 44 58 42 56 dB 
OUT 

Input Voltage TI=25'C, 10=250 mA 7.3 14.6 17.7 V 
Required to Maintain 
line Regulation 

Note 1: Thermal resistance 01 the TO-202 package (P) without a heat sink Is 12' C/W junction to case and 80'C/W ]untlon to ambient. 

Note 2: The electrical characteristics data represent pulse test conditions with junction temperatures as shown at the initiation 01 tests. 

Note 3: The temperature coefficient 01 VOUT Is typically within 0.01 % VO/'C. 

1-140 



Typical Performance Characleri$lics 
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en 
CD Typical Applications <·c 
~ 

Fixed Output Regulator 

INPUT 0--"--1 1--,,--0 OUTPUT 

*Required if the regulator is located far from power 
supply filter 

** Although not required, C2 does improve transient 
response. (If needed, use 0.11'F ceramic disc.) 

Adjustable Output Regulator 

INPUTOO-.... _~ ~-.. --o OUTPUT 

AI 

A2 

~----------~~t-~.GNO 

Va = SV + (SV/R1 + la) R2 

SV/R1 > 31a, load Regulation (lR) = 
[(R1 + R2)/R1)' (lr of lM342.(JS) 

Current Regulator 

INPUT 00-""---1 

Al 
CI 

0.2M J 
L..----.. ---o OUTPUT 

lOUT = V2- 3/R1 + la 

-lOUT 

.o.la ~ 1.S mA over line and load changes 

High Output Voltage Regulator 

....... - .. -oVOUP39VIIII250mA 

A 
470 
5W 

"Necessary if regulator is located far from the power supply filter 
++03 aids in full load start·up and protects the regulator during short 

circuits from high input to output voltage differentials 

± 1SV. 250 mA Dual Power Supply 

~-"---O VOUT"15VU50 mA 

GNOo-~~------~-------+---'--<>GNO 

-VIN' -20V 00-.... --1 1--"'---0 -vOUT' -15V,. 250 mA 

Variable Output Regulator 0.5V - 18V 

VIN .20Vo-.... --I 

CI TO.22pF 

Al 

AZ 

A3 

-V IN • -IOV 00-.:;-,""~---4""--"'''''::''< 

30pF 

VOUT= VG + SV, R1 = (-VIN/la LM342) 
VOUT = 5V(R2/R4) for (R2 + R3) = (R4 + RS) 

j 
A5 

A O.SV output will correspond to (R2/R4) = 0.1, (R3/R4) = 0.9 
·Solid tantalum 
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~Nalional 
~ Semiconductor 

Voltage Regulators 

LM723/LM723C Voltage Regulator 

General Description 
The LM723/LM723C is a voltage regulator design· 
ed primarily for series regulator appl ications. By 
itself, it will supply output currents up to 150 mA; 
but external transistors can be added to provide 
any desired load current. The circuit features ex· 
tremely low standby current drain, and provision 
is made for either linear or foldback current limit· 
ing. I mportant characteristics are: 

• 150 mA output current without external pass 
transistor 

• Output currents in excess of 10A possible by 
adding external transistors 

'\ 

• I nput voltage 40V max 

• Output voltage adjustable from 2V to 37V 

• Can be used' as either a lioear or a switching 
regulator. 

The LM723/LM723C is also useful in a wide range 
of other applications such as a shunt regulator, a 
current regulator or a temperature controller. 

The LM723C is identical to the LM723 except 
that the LM723C has its performance guaranteed 
over a O°C to 70°C temperature range, instead of 
_55°C to +125°C. 

Schematic and Connection Diagrams· 

" '" 

v." 

Equivalent Circuit * 

11011 INVERTING 
III'lIT 

INVERTINr. 
IIII"UT 

" . 

*Pin numbers refer to.metal can package. 
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Dual-In-Line Package 

,0 v""' 

Y~II 6 , '. 

Order Number LM723CN 
See NS Package N14A 

Order Number LM723J or LM723CJ 
See NS Package J 14A 

Metal Can Package 
CURRENT 

liMIT 

Note: PinS connected to case. 

Order Number LM723H or LM723CH 
See NS Package H 1 OC 



0 
CW) 
N ...... 
:?! 
...J 
CW5 
N ...... 
:?! 
...J 

Absolute Maximum Ratings 
Pulse Voltage from V+ to V- (50 ms) 50V 
Continuous Voltage from V" to V- 40V 
Input-Output Voltage Differential 40V 
Maximum Amplifier Input Voltage (Either Input) 7.5V 
Maximum Amplifier Input Voltage (Differential) 5V 
Current from V z 25mA 
Current from V REF 15mA 
Inter~al Power Dissipation Metal Can (Note 1) 800mW 

Cavity DIP (Note 1) 900mW 
Molded DIP (Note 1) 660 mW 

Operating Temperature Range lM723 -5S"C to +12S"C 
LM723C oOe to +70"C 

Storage Temperature Range Metal Can -65"C to +150"C 
DIP -5S"C to +12S"C 

Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics(Note 2) 

LM723 LM723C 
PARAMETER CONDITIDNS 

MIN TVP MAX MIN TVP 

Line Regulation Y'N = 12V to Y'N = 15V .01 0.1 .01 

_55°C ~ TA ~ +125°C 0.3 

O°C ~ TA ~ +70oC 

V ,N "" 12V to VlN = 40V .02 0.2 0.1 

Load Reg.Jlation IL = 1 rnA to 'L = 50 rnA .03 0.15 .03 

-55°C~TA~+125°C 0.6 

0°C~TA~=+70°C 

Ripple Rejection f = 50 Hz to 10 kHz, CAE' = 0 74· 74 

f = 50 Hz to 10 kHz, CAEF • 5pF 86 86 

Average Temperature _55°C ~ T A ~ +125°C .002 .015 
Coefficient of Output Voltage O°C:O; TA:O; +70°C .003 

Short Circuit Current Limit Rse = lOn, V OUT = 0 65 65 

Reference Voltage 6.95 7.15 7.35 6.80 7.15 

Output Noise Voltage BW = 100 Hz to 10 kHz, CAE' = 0 20 20 

BW = 100 Hz to 10 kHz, CAE' = 5pF 2.5 

Long Term Stability 0.1 

Standby Current Drain I L = 0, Y'N = 30V 1.3 3.5 

Input Voltage Range 9.5 40 9.5 

Output Voltage Range 2.0 37 2.0 

Input-Output Voltage Differential 3.0 38 3.0 

Note 1: See derating curves for maximum power rating above 25°C. 

Note 2: Unless otherwise specified, T A = 25°C, VIN • V+ • Vc = 12V, V- = 0, VOUT • 5V, 
IL • 1 rnA, RSC = 0, Cl = 100 pF, CREF = 0 and divider impedance as seen by error amplifier 
< 10 kn connected as shown in Figure 1. line and load regulation specifications are given for the 
rondition of constant chip temperature. Temperature drifts must be taken into account separately 
for high dissipation conditions. 

Note 3: L1 is 40 turns of No, 20 enameled copper wire wound on Ferroxcube P36/22·387 pot core 
or equivalent with 0.009 in. air gap . . 

Note 4: Figures in parentheses may be used if 'R1/R2 divider is placed on opposite input of error amp, 

Note 5: Replace R1/R2 in figures with divider shown in Figure 13. 

Note 6: V+ must be connectep to a +3V or greater supply. 

Note 7: For metal can applications where Vz is required, an external 6.2 volt zener diode should be 
connected in series with VOUT. 
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2.5 

0.1 

1.3 

UNITS 
MAX 

0.1 % VOUT 

%VOUT 

0.3 %VOUT 

0.5 %VOUT 

0.2 % VOUT 

%V OUT 

0.6 %V OUT 

dB 

dB 

%tc 
.015 %tc 

mA 

7.50 V 

.uVrms 

.uVrms 

%/lOOO hrs 

4.0 mA 

40 V 

37 V 

38 V 



Maximum Power Ratings 
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TABLE I RESISTOR VALUES (kn) FOR STANDARD OUTPUT VOLTAGE 

POSITIVE APPLICABLE 
FIXED OUTPUT 

NEGATIVE APPLICABLE 
FIXED 5% OUTPUT 

OUTPUT ADJUSTABLE OUTPUT ADJUSTABLE 
OUTPUT VOLTAGE FIGURES' 

±5% ±10% (Note 5) 
OUTPUT VOLTAGE FIGURES 

±5% ±10% 

(Note 4) Rl R2 Rl PI R2 Rl R2 Rl PI R2 

+3.0 1,5,6,9, 4.12 3.01 1.8 0.5 1.2 +100 7 3.57 102 2.2 10 91 
12141 

+3.6 1,5,6,9, 3.57 3.65 1.5 0.5 1.5 +250 7 3.57 255 2.2 10 240 
12141 

+5.0 1,5,6,9, 2.15 4.99 .75 0.5 2.2 -6 (Note 6) 3, {101 3.57 2.43 1.2 0.5 .75 
12 {41 

+6.0 1,5,6,9, 1. 15 6,04 0.5 0.5 2.7 -9 3,10 3.48 5.36 1.2 0,5 2.0 
12 {41 

+9.0 2 .. 4, (5, 6, 1.87 7.15 .75 1.0 2.7 -12 3,10 3.57 8.45 1.2 0.5 3.3 
12,9) 

+12 2,4, {5, 6, 4.87 7.15 2.0 1.0 3,0 -15 3,10 3.65 11.5 1.2 0.5 4,3 
9,121 

+15 2,4,15,6, 7.87 7.15 3.3 1.0 3.0 "28 3,10 3,57 24.3 1,2 0.5 10 
9,121 

+28 2,4, {5, 6, 21.0 7.15 5.6 1.0 2.0 -45 8 3.57 41.2 2.2 10 33 
9,121 

+45 7 3.57 48.7 2.2 10 39 -100 8 3.57 97.6 2.2 10 91 

+75 7 3.57 78.7 2.2 10 68 -250 8 3.57 249 2.2 10 240 

TABLE II FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES 

Outputs from +2 to +7 volts Outputs from +4 to +250 volts Current Limiting 
(Figures 1. 5, 6, 9,12, (4)) [Figure 71 VSENSE 

VOUT = [VREF X R1 R+2 R21 VOUT = I V~eF X R2;1 R1}, R3 = R4 
I LIMIT ,= R;;-

Outputs from +7 to +37 volts Outputs from -6 to -250 volts Foidback Current Limtting 

{Figures 2, 4, (5. 6, 9, 1211 [Figures 3, 8, 101 _ [ V OUT A3 VSENSE tA3 + R4) 1 
Rl + R2 V AEF R1:" R2 'KNEE - Rse R4 + Rsc R4 

VOUT = [V AEF X ~ 1 VouT=1-2-'X -R-,-I;R3= R4 

ISHOATCKT=( V~~:SE X A3;4R4] 

Typical Applications .. 
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FIGURE 1. Basic Low Voltage Regulator FIGURE 2. Basic High Voltage Regulator 

(VOUT = 2 to 7 Volts) (VOUT = 7 to 37 Volts) 
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FIGURE 3. Negative Voltage Regulator FIGURE 4, Positive Voltage Regulator 
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Typical Applications (Continued) 

TYPICAL PERfORMANCE 
R.,..latad Output Voltage +!iV 
Line Rllllliation Il:r.V1N • 3V} 0.5 mV 
load "!lulatlon 1l!.IL '" IA) 5 mV 

FIGURE 5. Positive Voltage Regulator 
I External PNP Pass Transistor). 

TYPICAL PERFORMANCE 
Regulated Output Voltaga +50V 
Line Regul.tion (.6.V1N " 20Y) 15 mV 
load Regulation (tilL" 50 mAl 20 mY 

FIGURE 7. Positive Floating Regulator 

TYPICAL PERFORMANCE 
Regul.ted Output Voltage +5V 
Line Regulation It-YIN" JOV) 10 mV 
Load Regulation 1l:r.1L "'ZA) BOrnV 

FIGURE 9. Positive Switching Regulator 

' .. 

TYPICAL PERFORMANCE 
Note: Current limit tnlnsistDr maV be Relll"ed Output Voltage 

used for shutdown if cumnt Line R.,pilmaR (ll.V1N " 3V) 
limiting is nut required. Laad R'gulltian lOlL'" 50 rnA) 

FIGURE 11. Remote Shutdown Regulator with 
Current Limiting 

+5V 
O.5mV 
t.5mV 

(Mal 
LMIlle 

"' n. 

TYPICAL PERFORMANCE 

Regulated Output Voltage +5V 
Line Regulation Il:r.V1N " 3V) 0.5 mY 
load Ragulltion l6.IL -10 mAl 1 mV 
Sbort Circuit Current 20 rnA 

FIGURE 6. Foldback Current Limiting 

TYPICAL PERFORMANCE 
Regulated Output Yoltage -100V 
Line Regulltinn CAVIN'" 20VI 30 mV 
LOld Reaulilion (llh '" 100 mAl 20 mV 

FIGURE 8. Negative Floating Regulator 

TYPICAL PERFORMANCE 
Regulated Output Volull'! -15V 
LlDe Regulation CAVIN = lOVI 8 mV 
Load RegulationlAIL "'2M 6mV 

" INlal1 

11\\·· 

FIGURE 10. Negative Switching Regulator 

UUlI 
LMlllt 
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~t'~"F 

TYPICAL PERFORMANCE 
Regulated Output Voltage +5V 
line Regulation 16Y1N = 10VI 0.5 mV 
Load Regulation (.M L = 100 mAl 1.5 mV 

FIGURE 12. Shunt Regulator 

1·147 

RUUlATlO 
OUTPUT 

., 
" 
., 

FIGURE 13. Output Voltage 
Adjust ISee Note 51 



~National Voltage Reg~lators 
~ Semiconductor 
LM1524/LM2524/LM3524 
Regulating Pulse Width Modulator 
General Description 
The LM 1524 series of regulating pulse width modulators 
contains all of the control circuitry necessary to imple
ment switching regulators of either polarity, transformer 
coupled DC to DC converters, transformerless polarity 
converters and voltage doublers, as well as other power 
control applications. This device includes a 5V voltage 
regulator capable of supplying up to 50 mA to external 
circuitry, a control amplifier, an oscillator, a pulse width 
modulator, a phase splitting flip-flop, dual alternating 
output switch transistors, and current limiting and shut
down circuitry. Both the regulator output transistor and 
each output switch are internally current limited and, to 
limit junction temperature, an internal thermal shut
down circuit is employed. The LM1524 is rated for 
operation from -55°C to +125°C and is packaged in 
a hermetic 16·lead DIP (J). The LM2524 and LM3524 
are rated for operation from O°C to + 70°C and are 

Block and Connection Diagrams 

packaged in either a hermetic 16-lead DIP (J) or a 
16-lead molded DIP (N). 

Features 
• Complete' PWM power control circuitry 
• Frequency adjustable to greater than 100 kHz 
• 2% frequency stability with temperature 
• Total quiescent current less than 10 mA 
• Dual alternating output switches for both push-pull 

or single-ended applications 
• Current lim it amplifier provides external component 

protection 
• On-chip protection against excessive junction temper

ature and output current 
• 5V, 50 mA linear regulator output available to user 
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Order Number LMl524J, LM2524J 
or LM3524J 

See NS Peckege J16A 

Order Number LM2524N 
or LM3524N 

See NS Package N16A 



Absolute Maximum Ratings 
Input Voltage 40V Maximum Junction Temperature 

Reference Voltage, Forced 6V (J Package) 150·C 

Reference Output Current 50mA (N Package) 125·C 

Output Current (Each Output) 100mA Storage Temperature Range -65·C to +150·C 

Oscillator Charging Current (Pin 6 or 7) 5mA Lead Temperature (Soldering, 10 seconds) 300·C 

Internal Power Dissipation (Note 11 1W 

Operating Temperature Range 

LM1524 -55·C to +125·C 

LM2524/LM3524 O·C to +70·C 

Electrical Characteristics 
Unless otherwise stated, these specifications apply for Ttl. = -55°C to +125°C for the LM1524 and O·C to. +70·C for the 
LM2524 and LM3524, VIN = 20V, and f = 20 kHz. Typical values other than temperature coefficients, are at TA = 25·C. 

LMI5241 
LM3524 

PARAMETER CONDITIONS LM2524 UNITS 
MIN TYP MAX MIN TYP MAX 

Reference Section 
Output Voltage 4.S 5.0 5.2 4.6 5.0 5.4 V 

Line Regulation VIN = 8-40V 10 20 10 30 mV 

Load Regulation IL = 0-20 mA 20 50 20 50 mV 

Ripple Reiection f= 120 Hz. TA = 25°C 66 66 dB 

Short·Circuit Output Current VREF=O,TA=25°C 100 100 mA 

Temperature Stability Over Operating Temperature Range 0.3 1 0.3 1 % 

Long Term Stability TA = 25°C 20 20 mV/khr 

Oscillator Section 

Maximum Frequency CT = 0.001 JlF, RT = 2 kil 350 350 kHz 

Initial Accuracy . RT and CT constant 5 5 % 

Frequency Change with Voltage VIN = B-40V. TA = 25°C 1 1 % 

Frequency Change with Temperature Over Operating Temperature Range 2 2 % 

Output Amplitude (Pin 3) TA=25°C 3.5 3.5 V 

Output Pulse Width (Pin 3) CT = 0.01 fJF. TA = 25°C 0.5 0.5 fJS 

Error Amplifier Section 

Input Offset Voltage VCM = 2.5V 0.5 5 2 10 mV 

Input Bias Current VCM = 2.5V 2 10 2 10 fJA 

Open Loop Voltage Gain 72 BO 60 80 dB 

Common·Mode Input Voltage Range TA = 25°C 1.B - 3.4 1.B 3.4 V 

Common-Mode Rejection Ratio TA = 25°C 70 70 dB 

Small Signal Bandwidth AV = 0 dB. T A = 25°C 3 3 MHz 

Output Voltage Swing TA=25°C 0.5 3.8 0.5 3.8 V 

Comparator Section 

Maximum Duty Cycle % Each Output ON 45 45 % 

Input Threshold (Pin 9) Zero Duty Cycle 1 1 V 

Input Threshold (Pin 9) Maximum Duty Cycle 3.5 3.5 V 

Input Bias Current -1 -1 fJA 

Current Limiting Section 

Sense Voltage VjPin 2)- V(Pin I) ~ 50 mV, 190 200 210 180 200 220 mV 

Pin g= 2V, TA = 25°C 
Sense Voltage T.C. 0.2 0.2 mVfC 

Common·Mode Voltage -il.7 1 - 0.7 1 V 

Output Section (Each Output) 

Collector-Emitter Voltage 40 40 V 

Collector Leakage Current· VCE = 40V 0.1 50 0.1 50 IlA 

Saturation Voltage IC = 50 mA 1 2 1 2 V 

Emitter Output Voltage VIN = 20V, IE'= -250 IlA 17 18 17 18 V 

Rise Time (10% to 90%) RC = 2 kil, T A = 25°C 0.2 0.2 fJS 

Fall Time (90% to 10%) RC = 2 kil, T A = 25°C 0.1 0.1 fJS 

Total Standby Current VIN = 40V, Pins I, 4, 7. B,11 5 10 5 10 mA 

and 14 are grounded, Pin 2 = 2V, 

All Other Inputs and Outputs Open 

Note 1: For operation at elevated temperature., device. in the J package must be derated based on a thermal re.i~tance of lor!' C/W, junction 
to ambient, and device. in the N package must be derated based on a thermel re.i.tance of 150"CIW. iunction to ambient. 
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Typical Performance Characteristics 
Maximum and Minimum 

Maximum Average Power Maximum Average Power Duty Cycle Threshold 
Dissipation (J Package) Dissipation (N Package) Voltage 

10 10 3.8 
°JA.'100°C/W °JA'150°C/W ~ 

MAXIMUM DUTY CYCLE -$ ~ 
3.6 

I-"" '" ,.. 
~ ~ 

ii: 3.4 
;:: I-

~ ::: ;:: " ::: w 3.2 
ill '" V'N' 8-40V ill " C 1.0 1.0 ~ RT' 6k 

'" C CT' O.Ol"F 
~ '" > 

~ " 1.2 
~ ~ MINIMUM DUTY CYCLE " I % 1.0 
.P I 'I'-l--t-L " '" ~ % 0.8 

I-

0.1 0.1 0.4 
-75 -50 -25 0 25 50 75 100 125 0 15 3D 45 60 75 -75 -50 -25 0 25 50' 15 100m 

TA - AM81ENT TEMPERATURE rCI TA - AMBIENTTEMPERATURE lOCI TA - AMBIENT TEMPERATURE lOCI 

Reference and Switching 
Output Transistor Saturation Output Transistor Emitter Transistor Peak Output 
Voltage Voltage Current 

2.5 19.0 125 

~ V,N' 20.0V 
w 

~ I - " ........ '" 2.0 .§. 100 
" 

IJu; ,Iso m~ ,.. ......... 
~ f..-" '" lB.6 - ~ 'E' 0.25mA- - -;; i r--... " ~ i I I ........ > 1.5 

..., 
75 

'" i-""" " ........ 
" I-...... > / ~ ;:: 

I- '" § 18.2 I- ....... 1.0 :: 
4Joml 

~ 50 
I- ~ 

I-

;)i - '7 
~ 

" I 0.5 - I-- lOUT'" 10 rnA I i II I 25 VIN' B-40V 
I- w E 
~ 

> 17.B RHERENCE OUTPUT, ~VO '" 100 mV 
SWITCHING OUTPUT, VeE >2.SV 

0 0 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

TA - AMBIENT TEMPERATURE lOCI TA - AMBIENT TEMPERATURE (OCl TA - AMBIENT TEMPERATURE rCI 

Current Limit Sense Voltage 
Standby Current Standby Current (VPin 4 - VPin 5) 

5.0 5.0 220 
TA' 25°C (VPIN 2 -VPIN 1) ?50 mV -" 
lOUT REF = 0 rnA " - :; VplN g=2.DV ,.. 

.§. .§. 4.6 
....... .§. 210 

l- I-
W V ill ",... i " '" V 

~ 4.2 ~ 200 

4.0 "" " V 
~ ~ 

> / 
3.B ~ 190 '" '" " 

w 

" VIN = 20V -c-- ~ 

t; t; 
lOUT REF:: 0 mA I 

I I 3.4 PIN 2 '" ZV -- u lBO 
!!' !!' 

PINS1,4, 7,8,11 AND 14=OV .. _ > -
3.0 

PINS 3. 5. 6. 9. 10. 12. 13' OPEN 
170 3.0 

5 10 15 20 25 30 35 40 -15 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100125 

VIN - INPUT VOLTAGE IVI TA - AMBIENT TEMPERATURE (OCl TA - AMBIENT TEMPERATURE rei 

1-150 



Test Circuit 
VIN 

8-4DV 

~ 
Co 

VIN 

CA 

~2k 2k 
~IW 1W 

13 

12 
} OUTPUTS 

o.l DSC OUT lM1524/lM2524/lM3524 
ED rl!-

~ VREF 
NI INV SHUT +Cl 

INPUT INPUT COMP DOWN SENSE 

2 1 9 10 4 

2k 2k 

0.1pF== --!'~ 10k 10k 

2k L1k ~.-

. GNU 

Functional Description 

INTERNAL VOLTAGE REGULATOR 

The LM3524 has on chip a 5V, 50 mA, short circuit 
protected voltage regulator. This voltage regulator 
provides a supply for all internal circuitry of the device 
.and can be used as an external reference. 

For input voltages of less than 8V the 5V output should 
be shorted to pin 15, VIN, which disables the 5V regu
lator_ With these pins shorted the input voltage must 
be limited to a maximum of 6V. If input voltages of 
6-8V are to be used, a pre-regulator, as shown in 
Figure 1, must be added_ 

*Minimum Co of 10.uF required for stability. 

FIGURE 1 

OSCILLATOR 

The LM3524 provides a stable on-board oscillator. Its 
frequency is set by an external resistor, RT and capac
itor, CT. A graph of RT, CT vs oscillator frequency is 
shown in Figure 2_ The oscillator's output provides the 
signals for triggering an internal flip-flop, which directs 
the PWM information to the outputs, and a blanking 
pulse to turn off both outputs during transitions to' 
ensure that cross conduction does not occur. The width 
of the blanking' pulse, or dead time, is controlled by the 
value of CT, as shown in Figure 3. The recommended 

EA r!.!.--Cl 
SENSE RT CT GNO 

5 6 7 B 

RT 

=~CT 

values of RT are 1.8 kQ to 100 kQ, and for CT, 
O.OOl/-lF to O.l/-lF. 
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FIGURE 2 

VCC = 20V 
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0_001 0.004 0.01 0.04 0.1 

CT(~F) 

FIGURE 3 
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Functional Description (Continued) 

ERROR AMPLIFIER 

The error' amplifier is a differential input, transcon
ductance amplifier. Its gain, nominally SO dB, is set by 
either feedback or output loading. This output loading 
can be done with either purely resistive or a combination 
of resistive and reactive components. A graph of the 
amplifier's gain vs output load resistance is shown in 
Figure 4. 

The output of the amplifier, or input to the pulse width 
modulator, can be overridden easily as its output 
impedance is very high (Zo :::::: 5 Mnl. For this reason 
a DC voltage can be applied to pin 9 which will override 
the error amplifier and force a particular duty cycle to 
the outputs. An example of this could be a non-regu
lating motor speed control where a variable voltage was 
applied to pin 9 to control motor speed. A graph of the 
output duty cycle vs the voltage on pin 9 is shown in 
Figure 5. 

The amplifier's inputs have a common·mode input range 
of 1.SV-3.4V. The on board regulator is useful for 
biasing the inputs to within this range. 

80 

iii 
:!! 60 z 
;;: 
CD 
w 40 CD 
oct ... ... 
CI 
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RL =00 

RL = 1M "" 

RL = :lOOk ""II.. 

RL = lOOk 

RL = :10k " ~ 
i\. 

'\ 
Rl· RESISTANCE FROM PIN 9 ~ TO GND 

10 100 lk 10k lOOk 1M 10M 

FREOUENCY (Hz) 

FIGURE 4 

OUTPUT ....... _-I 
DRIVE 

CURRENT LIMITING 

The function of the current limit amplifier is to over
ride the error amplifier's output and take control of the 
pulse width. The output duty cycle drops to about 
25% when a current limit sense ~oltage of 200 mV is 
applied between the +CL and -CL terminals. Increasing 
the sense voltage approximately 5% results in a 0% 
output duty cycle. Care should be taken to ensure the 
-fJ.7V to +1.0V input common-mode range is not 
exceeded. 

OUTPUT STAGES 

The outputs of the LM3524 are NPN transistors, ca
pable of a maximum current of 100 mAo These tran· 
sistors are driven 1 BO' out of phase and have non· 
committed open collectors and emitters as shown in 
Figure 6. 
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Typical Applications 

GND 

GND 

~ 

~ 5k > 

.> 5k 

~> 5k 

5k 

~ 

RF 
.A . 

INV VR -
NI V,N -

~5k 0- OSC EB -
~ +CL CB 

LM3524 
~ -CL CA 

RT EA 

CT SD -0 
~ GND COMP r-, 

RT - -CT -- ~ 5Dk 

D.DDIIlFT 

r--4 

• Ll 

I ~I 
T ...... 

_i±.. 
_~C 

v • 

GND 

DESIGN EQUATIONS 

RF = 5k(VO -1\ 
2.5 ~ 

Ll = 2.5V,N2 (Vo - Y,N) 

fasclo V/ 

FIGURE 7. Positive Regulator. Step·Up Basic Configuration (I,NIMAX) = SO rnA) 
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FIGURE S. Positive Regulator. Step·Up Boosted Current Configuration 
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Typical Applications (Continued) 

-
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• 
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~5k 
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INV VRW 

NI VIN 

:= 5k 

0- OSC EB r-

TO~ 
+Cl 

lM3524 
CB 

-Cl CA 
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CT SD -0 
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:.5Dk 
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.o.,AA 

+ 
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TO -Cl PIN 
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+ TO +Cl PIN 

DESIGN EQUATIONS 

RF=5kn(VO-l\ 
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SENSE VOLT 

RCL =---:I-O(-M-A-X)--
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GND VIN 
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FIGURE 9. Positive Regulator, Step-Down Basic Configuration (lIN(MAX) = 80 rnA) 
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FIGURE 10_ Positive Regulator, Step-Down Boosted Current Configuration 
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Typical Applications (Continued) 

GND 

.A. 
DESIGN EQUATIONS 

"'''' 

~ 

:~o ~ 

~5k ~ 5k 

Ql 
INV VR -

RF = 5k(l- Vo ) 
2.5 

NI V,N R2 
~ 5k 

0- OSC EB 

- LM3524 +CL CB 

~ -CL CA ---I 01 ..... 
Rr EA ....... 
Cr SO -0 .... GNO COMP -

:. Rr ~ 5Dk 
~ 

_ .... 
=~Cr 

~ L1 - r;- Co 

. O.OOl!l~T 
GNO 

FIGURE 11. Boosted Current Polarity Inverter 

BASIC SWITCHING REGULATOR THEORY AND 
APPLICATIONS 

The basic circuit of a step·down switching regulator 
circuit is shown in Figure 12, along with a practical 
circuit design using the LM3524 in Figure 15. 

The circuit works as follows: 01 is used as a switch, 
which has ON and OFF times controlled by the pulse 
width modulator. When 01 is ON, power is drawn from 
VIN and supplied to the load through 'U; VA is at 
approximately VIN, 01 is reverse biased, an'd Co is 

charging. When 01 turns OF F the inductor L 1 will 
force VA negative to keep the current flowing in it, 
01 will start conducting and the load current will flow 
through 01 and L 1. The voltage at VA is smoothed by 
the U, Co filter giving a clean DC output. The current 
flowing through L 1 is equal to the nominal DC load 
current plus some Ll.1 L which is due to the changing 
voltage across it. A good rule of thumb is to set 
Ll.lLp·p -==- 40% . 10 , 

FIGURE 12. Basic Step· Down Switching Regulator 
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Typical Applications (Continued) 

, d' VlT 
From the relation Vl = l~ , .o.ll :0:--

dt L1 

.o.ll + = (VIN - V'o) tON .o.ll - = Vo tOFF 

II L1 

Neglecting VSAT, VO, and settling .o.ll +'= .o.ll-; 

Vo:o:VIN ( tON ) 

tOFF + tON 

where T = Total Period 

The above shows the relation between VIN, Vo and 
duty cycle. 

IIN(OC) = IOUT(OC) ( tON " 
tON + tOFF J 

as 01 only conducts du~ing tON. 

PIN = IIN(OC)VIN = (lo(OC)) VIN ~ tON ) 
, tON +tOFF 

The efficiencY,l1, of the circuit is: 

Po laVa 
I1MAX----=~-~-~----------

PIN 10(tON)VIN+(VSAT tON + VOltoFF) 10 

T T 

~o -' 
= --- for VSAT = VOl = lV. 

Va t 1 

I1MAX will be further decreased due to switching losses 
in 01. For this reason 01 should be selected to have 
the maximum possible fT, which implies very fast rise 
and fall times. 

CALCULATING INDUCTOR II 

(.o.ll+)· II (All-) • II 
tON:O: (VIN _ Vol ,tOFF = Va 

(.o.ll +) • L1 (.o.ll -) • L1 
tON + tOFF = T = + ---=----

(VIN-Vo) Vo 

0.410l1 + 0.4lol1 

(VIN-Vo) Va 

Since .o.ll+ = .o.ll- = 0.41 0 

VA 
(COLLECTOR, 

OF PNP) 

FIGURE 14 

Solving the above for II 

where: II is in Henrys 
f is switching frequency in Hz 

CALCULATING OUTPUT FilTER CAPACITOR Co: 

Figure 14 shows ll's current with respect to 01's 
tON and tOFF times. This current must flow to the 
load and Co. Co's current will then be the difference 
between I l, and 10, ' 

From Figure 14 it can be seen that current will be 
flowing into Co for the second half of tON through the 
first half of tOFF, or a time, tON!2 + tOFF!2. The 
current floWing for this time is .0.1 l/4. The resulting 
.o.Vc or .o.Vo is described by: 

.o.Vop_p =~.~ • (tON + tOFF'\ 
C 4 2 2 7 

= .0.1 l (tON + tOFF) 
4C 2 

VolT-tON) 
Since .0.1 l - L1 and 

or 

where: C is in farads, T is 
switching frequency 

t:"v 0 is Pop output ripple 

The inductor's cwrent cannot be allowed to fall to 
zero. as this would cause the inductor to saturate: For 
this reason some minimum 10 is required as shown 
below: 

(VIN - Vol tON 
10(MIN) = 211 

'~ '---I'(MIN) 
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Typical Applications (Continued) 

A complete step-down switching regulator schematic, 
using the LM3524, is illustrated in Figure 15. Transis
tors 01 and 02 have been added to boost the output 
to 1 A. The 5V regulator of the LM3524 has been 
divided in half to bias the error amplifier's non-inverting 
input to within its common-mode range. Since each 
output transistor is on for half the period, actually 
45%, they have been paralleled to allow longer possible 
duty cycles, up to 90%. This makes a lower possible 
input voltage. The output voltage is set by: 

R4 R5 
5k 5k 

T VREF 

NI 

1c3 

RZ 

C4-'±' 5k 

F-- TO.l~F 
INV 

R6 
B.5k 

" RT 

lOp 

Cl 

0jlr 
CT 

II 

!...c- COMP 

C2 
O.OlpF- .... 

R1 
JOk 

RETURN 

where VN I is the voltage at the error amplifier's non· 
inverting input. 

Resistor R3 sets the current limit to: 

200 mV 200 mV 
---=--- = 1.3A. 

R3 0.15 

Figure 16 and 17 show a PC board layout and stuffing 
diagram for the 5V, lA regulator of Figure 15. The 
regulator's performance is listed in Table I. 

Rl 
5fc 

Ql* 

~)Rl0 Y 
Q2 

) RS 

V,N 
CA ---
EA 

CBf--

lM3524 

EB 

Cl + f--

GNO 
Cl- r-

RI 
510 

11 

~ . - vo;' 5V 
~iillo'IA 

f· 20 kH 

~I-
C5 __ 1 

<I~, O.lpF--

_T MRISO 

GNO 
R3 

~0.15 

C6 
500~F 

* Mounted to Staver Heatsink No. V5-1. 
01 = 80344 
02 = 2N5023 
L 1 = > 40 turns No. 22 wire on Ferroxcube No. K300502 Torroid core_ 

FIGURE 15_ 5V, 1 Amp Step-Down Switching Regulator 
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~ Typical· Applications (Continued) 
TABLE I 

:E-
..J 

;a:;a: 
N&J 
~N 
:E:E 
..J..J 

PARAMETER CONDITIONS 
TYPICAL 

CHARACTE R.lSTICS 

Output Voltage VIN = 10V, 10 = lA 5V 

Switching Frequency VIN = 10V, 10 = lA 20 kHz 

Short Circuit VIN = 10V 1.3A 
Current Limit 

Load Regulation VIN = 10V, 3mV 
10= 0.2-1A 

Line Regulation ;1VIN = 10 - 20V, 6mV 
10= lA 

Efficiency VIN = 10V, 10 = lA 80% 

Output Ripple VIN = 10V, 10 = lA. 10mVp.p 

FIGURE 16. 5V, 1 Amp Switching Regulator, Foil Side' 

FIGURE 17.-Stuffing Diagram, Component Side. 
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Typical Applications (Continued) 

THE STEP-UP SWITCHING REGULATOR 

Figure 18 shows the basic circuit. for a step-up switching 
regulator. In this circuit 01 is used as a switch to alter
nately apply VIN across inductor L 1. During the time, 
tON, 01 is ON and energy is drawn from VIN and 
stored in L 1; 01 is reverse biased and 10 is supplied from 
the charge stored in Co. When 01 opens, tOFF, vol~age 
V1 will rise positively to the point where 01 turns 

tON 

to!!.l1-

ON. The output current is now supplied through L 1,01 
to the load and any charge lost from Co during tON is 
replenished. Here also, as in the step-down regulator, 
the current through L 1 has a OC component plus some 
t..1 L. t..1 L is again selected to be approximately 40% 
of I L. Figure 19 shows the inductor's current in relation 
to Q1's ON and OFF times. 

FIGURE 18. Basic Step-Up Switching Regulator 

.:llt+ .:lIL-" ~ ~---r. IL(OC)~~ __ ==4_D_% ..... tL(OCI 

Vl 
::~ ---'1- tON -1-- toFF-I.I _____ _ 

I. T 1 
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Typical Applications (Continued) 

_ (Vo-V'NltOFF 
and ~IL ~ -----'-

Ll 

and neglecting VSAT and VOl 

( tON) Vo~VIN 1 +--
tOFF 

The above equation shows the relationship between 
V'N, Vo and duty cycle. 

In calculating input current "N(OC), which equals ,t'1e 
inductor's DC current, assume first 100% efficiency: 

P,N = "N(OC)V'N 

POUT = 'oVo= '0 V,N 1 +--( tON) 
tOFF 

for 11 = 100%, POUT = P,N 

10 V,N 1 + -- = "N(OC) V,N ( tON) 
tOFF ' 

IIN(OC) = 10 1 +--( tON) 
. tOFF 

This equation shows that the input, or inductor, current 
is larger than the output current by ,the factor (1 + tONI 
tOFF). Since this factor is the same as the relation 
between Vo and V'N,"N(OC) can also be expressed as: 

"N(OC) = lo(~\ 
vlNl 

So far it is assumed 11 = 100%, where the actual effi
ciency or 11MAX will be somewhat less due to the 
saturation voltage of 01 and forward on voltage of 01. 
The internal power loss due to these voltages is the 
average I L current flowing, or "N, through either 
.vSAT or VD1. For VSAT = VOl = lV this power 
loss becomes "N(DC) (1V).11MAX is then: 

Po Volo Volo 
11MAX = -= = -----,----:-

P,N Volo + liN (lV) (tON) 
Volo + 10 1 +-

tOFF 
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~ tON) From Vo = V,N 1 + -- , 
tOFF 

V,N 
11max=--

V,N + 1 

This equation assumes only DC losses, however 11MAX 
is further decreased because of the switching time of 
01 and 01. 

In calculating the output capacitor Co it can be seen 
that Co supplies 10 during tON. The voltage change on 
Co during this time will be some tlVc = ~Vo or the 
output ripple of the regulator. Calculation of Co is: 

'otON 'otON 
~Vo=--or Co =--

Co ~Vo 

From Vo = VIN(2-); tOFF = V,N T 
. tOFF Vo 

1 
where T = tON + tOFF =-

f 

V,N (VO-VIN) tON = T - --T = T therefore: 
Vo Vo 

10T(VO-VIN) 
Co = Vo = 

~Vo 

where: Co is in farads, f is the switching frequency, 
~ Vo is the pop output ripple 

Calculation of inductor L 1 is as follows: 

V'NtON 
L 1 = ~' since during tON, 

V,N is applied across L 1 

~ILp,p = 0.41L = O.4I'N = 0.41 0( Vo ), therefore: 
V,N 

V'NtON T(Vo - VIN) 
L 1 = and since tON = -----

0.410(~) Vo 
VIN 

where: L 1 is in henrys, f is the switching fr~quency in Hz 
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Typical Applications (Continued) 

To apply the above theory, a complete step-up switch
ing regulator is shown in Figure 2Q. Since VIN is 5V, 
VREF is tied to VIN. The input voltage is divided by 
2 to bias the error amplifier's inverting input. The 
output voltage is: 

Vour (1 + :~). VINV = 2.5· (1+ :~) 
The network D1, C1 forms a slow start circuit. 

This holds the output of the error amplifier initially 
low thus reducing the duty-cycle to a minimum. Without 
the slow start circuit the inductor may saturate at 
turn-on because it has to supply high peak currents 
to charge the output capacitor from OV. It should 

VREF 
VIN 

R4 
>2.4k 

CA 

also be noted that this circuit has no supply rejection. 
By adding a reference voltage at the non-inverting 
input to the error amplifier, see Figure 21, the input 
voltage variations are rejected. 

The LM3524 can also be used in inductorless switching 
regulators. Figure 22 shows a polarity inverter which 
if connected to Figure 20 provides a -15V unregulated 
output. 

MOTOR SPEED CONTROL 

Figure 23 shows a regulating series DC motor speed 
control circuit using the LM3524 for the control and 
drive for the motor and the LM2907 as a speed sensor 
for the feedback network. 

.~ 2k 

IN914B 
..... 1 
~, 

R2 
12k . 

II 

~ ..... , 
) ~2 ~ 240 MRS50 , 
~ B0345 

~ 2N2219 

- Vo = 15V 
@0.5A 

NI CB I-
~ . 

,> Ik R3 RI -> 2.4k2•4k • + __ i±. ......... INV EA 
:::: 0.1 ~F .. lM3524 0.1 ~F:;:: - '-- 50 ~F_r- -r- O~F 

3k ..... , ... 
RT EB 

01 

H2~ IN914 

CT COMP ---...... 
GNU ..... , 

il'SOk . 
TO.OOI~F , 

_.±. CI 

T5~F 
GNU 

L I = > 25 turns No. 24 wire on Ferroxcube No. K300502 Torroid core. 

FIGURE 20. 15V, 0.5A Step-Up Switching Regulator 

VINo-+----

100 ~F 

FROM JUNCTION ~ I-+-.... I-~~--... -o -15V 
OFLI,OZ--, @25mA 

100~F 

lM336 
(v. ",2.49V) GNU~--~'----~---I~~GNO 

FIGURE.21 FIGURE 22 
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FIGURE 23. Motor Speed Control 
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~National 
~ Semiconductor 

Voltage Regulators 

LH1605/LH1605C 
5 Amp, High Efficiency Switching Regulator 

General Description 
The LH1605 Is a hybrid switching regulator wjth high 
output current capability. It Incorporates a temperature
compensated voltage reference, a duty cycle modulator 
with the oscillator frequency programmable, e~ror ampli
fier, high current·high voltage output switch, and a power 
diode. The LH1605 can supply up to 5 A Of outPllt current 
over a wide range of regulated output voltages. 

Features 
• Step down switching regulator 
• Output adjustable from 3.0 to 30V 

• 5 A output current 
• High efficiency 
• Frequency adjustable to 100kHz 
• Standard a-pin TO-3 package 

Block Diagram and Connection Diagram 

INPUT 0-+-------...... --+ ........ __ +-..... +-8:....0 OUTPUT 

TIMING 0-4+-+-1 
CAP CT 

N.C. 

VREF 

AMPIN 

7 

eliSE 

,STEERING 
DIDDE 
(ANODE) 

I--....... -+-{] GROu,.D 

,RA 
2k 

3 ERROR 
1--------+---.4Hl-=-o AMPLIFIER 

INPUT 

,--_______ -+2:....0 EXT. CAP. 
(VREF) 

CASE IS GROUND 

TOP VIEW 
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N.C. 
Order Number LH160SK or LH160SCK 

SeeNS Packa!Je K08A 
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::I: 
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Absolute Maximum Ratings 
VIN Input Voltage 35VMax. 
lOUT Output Current 6A 
TJ Operating Temperature 15DoC 
Po Internal Power Dissipation 2DW 
TA Operating Temperature Range 

LH16D5C -25°C to +85°C 
LH16D5 -55°C to +125°C 

TSTG Storage Temperature Range -65°C to +15DoC 
VR (VS-7) Steering Diode Reverse Voltage 6DV 
10 (l7-S) Steering Diode Forward Current 6A 

Electrical Characteristics Tc = 25°C, VIN = 15V unless otherwise specified. 

LH1605 LH1605C 

Symbol Characteristics Conditions Min. Typ. Max. Min. Typ. Max. Units 

VOUT Output Voltage Range VIN ;;. VOUT + 5V 3.0. 3D 3.0. 3D 
lOUT = 2A (Note 2) 

Vs Switch Saturation Voltage Ic=5.DA 1.5 2.0. 1.5 2.0. 
Ic=2.DA 1.0. 1.2 1.0. 1.2 V 

VF 
Steering Diode On 10=5.DA 2.0. 2.8 2.0. 2.8 
Voltage 10=2.0A 1.6 2.0. 1.6 2.0. 

VIN Supply Voltage Range 10. 35 10. 35 

IR 
Steering Diode Reverse VR=25V 0..1 10..0. 0..1 10..0. Jl.A Current 

lOUT = D.2A (Note 3) 3D 3D 

la Quiescent Current 
50.% Duty Cycle 

rnA 
0.% Duty Cycle (V3 = 3.DV) 6 6 

10.0.% Duty Cycle (V3 = DV) 46 46 

V2 Reference Voltage on Pin 2 2.42 2.50. 2.58 2.50. 

TMIN .. TA" TMAX 2.40. 2.50. 2.60. 2.50. 
V 

tN2/AT V2 Temperature Coefficient 10.0. 10.0. ppmfC 

AV2 
Line Regulation of 1DV .. VIN .. 35V 20. 3D 20. mV 
Reference Voltage on Pin 2 TMIN" TA" TMAX 

V3 Voltage on Pin 3 (Note 4)1 2.45 ,2.50. 2.55 2.50. 

ITMIN .. Tc" TMAX 2.42 2.50. 2.58 2.50. 
V 

V4 Voltage Swing - Pin 4 3.0. 3.0. V 

14 Charging Current - Pin 4 70. 7Q Jl.A 

ARA/AT Resistance Temp. Coeff. 75 75 ppml"C 

t, Voltage Rise Time VouT=1DV IOUT=2.DA 350. 350. 
IOUT=5.DA 50.0. 50.0. ns 

tf Voltage Fall Time VouT=1DV IOUT=2.DA 30.0. 30.0. 
louT=5.DA 40.0. 40.0. 

ts Storage Time VouT =1DV 1.5 1.5 Jl.S 

td Delay Time lOUT = 5.DA 10.0. 10.0. ns 

Po Power Dissipation VouT=1DV 16 16 W 

l) Efficiency lOUT = 5.DA 75 75 % 

8JC Thermal Resistance 5.0. 5,0. ·C/W 

Note 1: 8JA Is typically ':YJ'CfW for natural convection cooling, 
Note 2: VOUT and lOUT refer to the output DC voltage arid output current of a switching supply after the output LC filter as shown in the 
Typical Application circuit. 
Note 3: Quiescent current depends on the duty cycle of the switching transistor. The average quiescent current may be calculated 
from known operating parameters. 
Note 4: Voltage on pin 3 is tested by applying a +5.0Voc voltage through a preCision 2.0kQ resistor to pin 3. This method combines the 
error due to the input bias current of the error amplifier, and the tolerance of the 2kQ resistor from pin 3 to ground. 
Note 5: The input offset voltage of the error amplifier is wafer tested to a maximum of 10mV. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Contln~ed) 
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Applications Information 
Output Voltage Programming 

A single resistor Is required to set th'e supply output 
vOltage. The value may be computed using the following 
relationship: . 

VOUT-2.5V 
Rs=2kQ 2.5V 

The internal 2kQ resistor connected between pin 3 and 
ground has a typical tolerance of ±1% and a typical 
temperature coefficient of ±75ppm/·C. Thus the overall 
supply tolerance may be computed given the tolerance 
of the reference voltage at pin 2. 

Short Circuit Protection 

Permanent damage to the device will result under pro
longed (>10ms) short circuit condition. Current limit 
protection may be added using the circuit shown in the 
following figure: 

Heat Sink Considerations 

Even at moderate output power, there will be significant 
self-heating due to internal power dissipation. The junc
tion temperature rise must be kept below 150·C under 
all operating conditions. A useful expression for steady
state thermal design is given below: 

P TJ(MAX) - TA(MAx) 
DISS = 8JC + 8cs + 8SA 

where: 

TJ(MAx) = Maximum allowable junction temperature, 
·C. . 

TA(MAX) = Maximum ambient qperating temperature, ·C. 

8JC = Device junction-to-case thermal 
resistance, typically 4.5·C/W. 

Bcs = Case-to-heatslnk thermal resistance in ·C/W. 

8SA = Heatslnk-to-amblent thermal resistance 
In ·CIW. 

Typically, the case-to-heatsink thermal resistance de
pends on the Interface materials used. The following 
list gives the expected values for various materials: 

0.002" thick insulating Mica,. 
without thermal grease 
with thermal grease 

0.003" thick Insulating Mica, 
without thermal grease 
with thermal grease 

Bare jOint, 
without thermal grease 
with thermal grease 

1.20·C/W 
0.35·C/W 

1.30·C/W 
0.38·C/W 

0.50·C/W 
0.15·C/W 

Most heatsink manufacturers do provide the heatslnk
to·ambient thermal resistance, under convection as 
well as forced-air cooling. A partial list of the hardware 
is included In the back of the data sheet. 

Reference Voltage Bypass 

Because of the inherent high current switching nature 
of the device, switching spikes can find their way into 
the linear amplifier circuit. Output noise and. ripple 
voltage can be, improved drastically by bypassing the 
reference voltage pin with a 1OI'F solid tantalum capa
citor connected from pin 2 to ground. 

Minimization of Output Voltage Spikes 

The best solution to minimize switching spike noise can 
be found In laying out the circuit. An input single-point 
ground and an output single-point ground should be 
used. The schematic is shown in the typical application' 
circuit. Where high current flows, conductor trace should 
be as wide as possible. 

The ripple current frequency is usually in the order of tens 
of kilohertz, therefore the Input and output filter capaci
tors should be of low ESR (Equivalent Series Resistance) 
type over extended frequency range In order to minimize 
noise generation. They should be of high quality con
struction with· ratings sufficient to withstand current 
and vOltage surges. Generally, selecting a capacitor with 
a working voltage rating that Is a minimum of 10V above 
the worst-case operating vOltage is recommended. 

The.output can be filtered further by means of a VBry high 
frequency lI·filter network using Inexpensive ferrite beads. 
An example Is shown in the figure below. Because the fre-

CURRENT LIMIT 
CIRCUIT 

L 
~ :SC 

+ o--! LH16D5 / 1 
+ 

1 ~r-7-r----..-' 3 ~:s I 

T or 
- o---4~""""""--'---"""+-"""--4-----lI---O-

R 0.6V 
SC=~ 
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quency of the noise spike ranges typically from 50 to over 
100 MHz, the ferrite bead selected should have Its Imps- ' 
dance peak In that region. One or more beads may be 
strung, In series on the wire to Increase the peak Im
pedance as well as to Increase the absorption loss to the 
higher frequencies. This would also minimize parasitic 
OSCillation. 

+ 

t 
INPUT 

l~ __ ~ ____ +-__ -4~ 
• FERRONICS TYPE J CORE MATERIAL 

FERROXCUBE TYPE 4A6 CORE MATERIAL 

RFIIEMI SuppressIon 

High frequency radiation can be an Important system 
conSideration, particularly If the surrounding circuitry Is 
sensitive to It. Metallic shielding around the switching 
circuitry Is an effective means of suppression. A per
forated metal cover works well both to contain radiation 
and to allow unrestricted convection cooling. Grounded 
conductor plane on the PC board also helps fully en· 
close the critical circuits. 

Metallic shield Is generally adequate In shielding the 
magnetiC field radiated around the magnetic compo
nents. A more effective design Is the use of the self· 
shielding property of ferrite pot core, which acts as EMI 
shield around the coli winding. Magnetic flux leakage of 
this type Is minima\. 

Design Guide 
EfficIency Calculallon 

The design of a complete voltage regulator with the 
LH1605 Is relatively straightforward. The efficiency of a 
regulator can be calculated with the following equations: 

Pour x 100 
Efficiency ('I) = P (1) 

IN 

Transistor DC Losses (Pr) == lOUT X Vs __ to;;.;N-,--_ 
tON +tOI'F 

Diode DC Losses (Po) = lOUT X Vs tOFF 
tON +tOFF 

V 2 t 
,Drive Circuit Losses (DL) = ....!!:!.. X ON 

300 tON HOFF 

Switching Losses Transistor (Ps) = 

V I - -:7""t.:.., _+~tf=---:-IN X our 
2(tON + tOFF) 

TranSistor Duty Cycle := tON = Vour 
tON HOFF VIN 

Diode Duty Cycle = tOFF = 1 _' VOUT 
tON +tOFF VIN 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

Power Inductor (Pa:.>=J~urXRL (winding resistance) (8) 

Efficiency ('11= V. Vourlour x 100 (9) 
ourlour+Pr+Po+DL +PS+PL ' 
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DesIgn Procedu" 
Given five design requirements of the switching regulator: 

1. Maximum and mlnlmum'input voltage. 

2. Required output voltage. 

3. Maximum and minimum load current. 

4. Maximum allowable ripple voltage. 

5. Desired SiNltching frequency. 

The values of the output LC filter can be computed. First, 
the off-time of the switching transistor is calculated. 

1- VOUT 
tOFF = VIN(MAX) (10) 

f 

The minimum equivalent frequency of the switching 
transistor at minimum Input voltage Is: 

1- 'Vour 
fMIN == VIN(MIN) (11) 

,tOFF 

The allowable peak-to-peak ripple current (AI) through 
the Inductor is: 

AI == 2 x 10(MIN) (12) 

The Inductance can now be calculated by: 

L= VOUTtOFF 
AI 

(13) 

The' value calculated for Ai is somewhat arbitrary. 
However, equation 1-2 is a good rule of thumb, Thus Ai 
may be adjusted to obtain a practical value for the 
Inductance. 

The minimum output filter capacitance Is given by: 

C= 
AI 

(14) 
8xfMIN xAeO 

where Aeo Is the allowable ripple voltage. 

Finally, the maximum ESR of the capaCitor is: 

, Aeo 
ESRMAX==-

AI 
-(15) 

Inductor Design 

One last bit 'of Information, Ll2, must be calculated In 
order to determine the minimum usable inductor core 
without core saturation. The L is the inductance obtained 
from equation 13, and lis the maximum DC output cur
rent In the Inductor, which equals IO(MAX)+AI. With the 
values of L and the product LI2 known, one can select 

, the optimum magnetic core from the core manufacturer 
catalogues. Several magnetic material manufacturers 
offer full lines of easily obtainable components. Refer to 
the last page of this data sheet for a partial IIlIt of manu
facturers. A few vendors offer simplified design guides, 
such as the Magnetics Inc. Technical Bulletin Number 
SR-1, which makes a useful reference for any switching 
power system designer. 



At this point, the designer must choose the core material 
type. There are two popular types - molypermalloy 
powder and ferrite cores. Both offer advantages depend
Ing on cost, space limitations, winding capabilities, and 
size for a given operating frequency. 

Ferrite pot cores have the advantages of ease of winding 
and inherent magnetiC self-shielding, whereas moly
permalloy powder cores are made of insulated embrittled 
alloy powder which provides a uniformly distributed air 
gap. The effect is that the latter is capable of higher f.lux 
density for a given core size than ferrite core. 

Once the core is selected, the number of winding turns 
N can be determined to obtain the required inductance: 

N = 1000VLlLlOOO (16) 

where: 

N = number of turns needed. 

L = inductance desired. 

L1000 = nominal inductance (mH/1000 turns) for a 
given core specifed by the manufacturers. 

Design Example 

Design requirements: 

VIN(MAX) = 15V 

VIN(MIN) = 10V 
VoUT ;=5V 

10(MAXj = 3A 

10(MIN)=1A 
Output Ripple (f.eo)=20mV 

Operating Frequency (f) = 25 kHz 

Using equations 10 through 15: 

5V 
tOFF= 1- 15V = 26.7,..s 

25kHz 

5V 
fMIN = 1- 10V = 18.7kHz 

26.7,..s 

f.i=2x1A=2A 

L 5Vx26.7,..s 
= 2A = 67,..H 

C= 2A , 
8 x 18.7kHz x 20mV 668,..F Minimum 

20x 10-3 
ESRMAX = 2 = 10m2 
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The power handling capability of the inductor is calcu
lated: 

EL= U2 

where: 

L= Inductor 
1= Peak current In the inductor 
= 10(MAX) + Ai 

U2 = (67,..H) (3A + 2A)2 = 1.68 millijoules 

Assuming molypermalloy powder core is chosen for the 
design, and using the Core Selection Table in the Mag
netic, Inc. Technical Bulletin Number SR-1, the minimum 
core size usable with minimum winding is Part Number 
55894, which is a 60 perm core. Since the 125 perm of 
the same core size family is very popular and conse
quentlyof lower cost, the 55930 part is selected for the 
design. The specified nominal inductance is 157mH per 
1000 turns. The numer of turns is calculated from equa
tion 16: 

N=1oo0 67,..H =21 turns 
157mH 

Using the Frequency vs. Timing Capacitor Plot, a 0.001,..F 
capacitor is used in order to obtain the 25 kHz operating 
frequency. 

Finally, the output of 5V is programmed by computing 
the output voltage-set resistor: 

R = 2k2 VouT-2.5V =2k2 
s 2.5V 

The complete design is shown in the schematic below: . 

+0-...... ...:.( 

1 

j 
O-~~----------------------~ 

VIN = 12V Output Ripple (@ 10 = 1A) = 50mVp.p 

VouT=5V (@ 10=3A)=100mVp.p 

Load Regulation (1A to 3A) = 30mV 

Line Regulation (10V to 20V) = 10mV 

r
J: ...... 
8 
~ 
r-
J: ..... 
8 en 
o 
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LM2930 S-Terminal Positive Regulator 

General Description 
The LM2930 3-termlnal positive voltage regulator features 
an ability to source 150 rnA of output current with an Input- . 
output differential of 0.6V or less. Efficient use of low Input 
voltages obtained, for example, from an automotive battery 
during cold crank conditions, allows 5V circuitry to be prop
erly powered with supply voltages as low as 5.6V. Familiar 
regulator features such as current limit and thermal 
overload protection are also provided. 

Designed primarily for automotive applications, the 
LM2930 and all regulated circuitry are protected from 
reverse battery installations or2 battery jumps. During line 
transients, such as a load dump (40V) when the input 
voltage to the regulator can momentarily exceed the 
specified maximum operating voltage, the regulator will 
automatically shut down to protect both Internal circuits 
'and the load. The LM2930 cannot be harmed by temporary 
mirror·lmage Insertion. 

Fixed outputs of 5V and 8V are available In the plastic 
TO-220 power package. 

Schematic and Connection Diagrams 

Features 
• Input-output differential less than 0.6V 
• Output current In excess of 150 rnA 
• Reverse battery protection 
• 40V load dump protection 
• Internal short circuit current limit 
• Internal thermal overload protection 
• Mirror-image insertion protection 
• 100% electrical burn-in in thermal limit 

Voltage Range 
LM2930T-5.0 5V 
LM2930T-8.0 8V 

(TO-220) 
Plastic Package 

FRONT VIEW 
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Order Number LM2930T·5.0 or LM2930T-S.0 
See NS Package T03B 



Absolute Maximum Ratings 

Input Voltage 
Operating Range 
Overvoitage Protection 
Reverse Voltage (100 ms) 
Reverse Voltage (DC) 

Electrical Characteristics (Note 2) 

26V 
40V 

-12V 
-6V 

Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range - 40·C to + 85·C 
Maximum Junction Temperature 125·C 
Storage Temperature Range - 65'C to + 150'C 
Lead Temperature (Soldering, 10 seconds) 230'C 

LM2930T-5.0 (VIN = 14V, 10 = 150 mA, Tj =25·C, C2 = 10 p,F, unless otherwise specified) 

Parameter Conditions Min Typ Max Units 

Output Voltage 6V s VIN s 26V, 5 mAs los 150 mA, 4.5 5 5.5 V 
-40·CsTjs + 125'C 

Line Regulation 9VSVINS16V, 10=5 mA 7 25 mV 
6VsVINS26V, 10=5 mA 30 80 mV 

Load Regulation 5 mAs los 150 mA 14 50 mV 

Output Impedance 100 mADC & 10 mArms, 100 Hz·10 kHz 200 mn 

Quiescent Current 10=10mA 4 7 mA 
10=150 mA 18 40 mA 

Output Noise Voltage 10 Hz·100 kHz 140 "Vrms 

Long Term Stability 20 mV/1000 hr 

Ripple Rejection 10= 120 Hz 56 dB 

Current Limit 150 400 700 mA 

Dropout Voltage 10=150 mA 0.32 0.6 V 

Output Voltage Under - 12V s VIN s40V, RL = 100n -0.3 5.5 V 
Transient Conditions 

Electrical Characteristics (Note 2) 

LM2930T-8.0 (VIN = 14V, 10 = 150 mA, Tj = 25 'c, C2 = 10 p,F, unless otherwise specified) 

Parameter Conditions Min Typ Max Units 

Output Voltage 9.4VsVINS26V,5 mAs los 150 mA, 7.2 8 8.8 V 
- 40 'CsTj s + 125·C 

Line Regulation 9.4VsVINs16V, 10=5 mA 12 50 mV 
9.4VsVINs26V, 10=5 mA 50 100 mV 

Load Regulation 5 mAs los 150 mA 25 50 mV 

Output Impedance 100 mADC & 10 mArms, 100 Hz-tO kHz 300 mn 

Quiescent Current 10= 10 mA 4 7 mA 
10= 150 rnA 18 40 mA 

Output Noise Voltage 10 Hz·l00 kHz 170 "Vrms 

Long Term Stability 30 mV/tOOO hr 

Ripple Rejection fo =120Hz 52 dB 

Current Limit 150 400 700 mA 

Dropout Voltage 10=t50mA 0.32 0.6 V 

Output Voltage Under -12VsVINS40V, RL = lOOn -0.3 8.8 V 
Transient Conditions 

NOt81: Thermal reslstanc,e without a heat sink for junction to case temperature is 4 "elW and for case to ambient temperature Is 50 °eNJ. 
Nota 2: All characteristics are measured with a capacitor across the input of 0.1 pF and a capacitor across the output of 10 pF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tws10 rns, duty cycle:sS%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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Typical Performance Characteristics 
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Typical Performance Characteristics ,(Continued) 

Peak Output Current Quiescent Current 
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Typical Performance Characteristics (Continued) 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further 
reduction in input voltage. Measured when the output 
voltage has dropped '100 mV from the nominal value 
obtained at 14V input, dropout voltage is dependent upon 
load current and junction temperature. 

Input Voltage: The DC voltage applied to the input ter
minals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is not 
significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with 
maximum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input rip
ple voltage to the peak-to-peak output ripple voltage. 

Temperature Stability of Vo: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 

Maximum Average Power 
Dissipation 
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LM2931 Series Low Dropout Regulators 
General Description 
The LM2931 positive voltage regulator features a very low 
quiescent current of 1 mA or less when supplying 10 mA 
loads. This unique characteristic and the extremely low 
input-output differential required for proper regulation 
(0.2V for output currents of 10 mAl make the LM2931 the 
ideal regulator for standby power systems. Applications 
include mernory standby circuits, CMOS and other low 
power processor power supplies' as well as systems 
demanding as much as 150 mA of output current. 

Designed primarily for automotive applications, the 
LM2931 and all regulated circuitry are protected from 
reverse battery installations or 2 battery jumps. During 
line transients, such as a load dump (60V) when the input 
voltage to the regulator can momentarily exceed the 
specified maximum operating voltage, the regulator will 
automatically shut down to protect both internal circuits 
and the load. The LM2931 cannot be harmed by temporary 
mirror-image insertion. Familiar regulator features such 
as short circuit and thermal overload protection are also 
provided. 

Fixed output of 5V is available in the plastic TO·220 power 
package or the popularTO·92 package. An adjustable out
put version, with onloff switch, is available in a 5·lead 
TO-220 package. 

Schematic and Connection Diagrams 

Features 
• Very low quiescent current 
• Output current in excess of 150 mA 
• Input-output differential less than 0.6V 

• Reverse battery protection 
• 60V load dump protection 
• -50V reverse transient protection 

• Short circuit protection 
• Internal thermal overload protection 
• Mirror-image insertion protection 
• Available in plastic TO·220 or TO-92 
• Available as adjustable with TTL compatible switch 

Output Voltage Options 
LM2931AT·5.0 5V' LM2931 AZ·5.0 5V 
LM2931T . Adjustable 
(Contact factory for other fixed output options.) 

V,N C>-4P-------------.... ---------, TO·220 3-Lead 

VOUT 

., 
5V:28k 
ADJ:oo 

ADJUST 

., 
5V: 1QOk 

ADJ:oo 

GND 
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fRONT VIEW 

Order Number LM2931AT·5.0 
See NS Package T03B 

TO-92 

OUT~PUT 

G'><--/ 
BDTTDMVIEW 

Order Number LM2931AZ·5.0 
See NS Package Z03A 

TO-220 5-Lead 

~,I III ~ OUT 

: ~:~OFF 
ADJUST 

FRONT VIEW 

Order Number LM2931T 
See NS Package T05A 



Absolute Maximum Ratings 
Input Voltage 

Operating Range 26V 

Overvoltage Protection 

LM2931A, LM2931 Adjustable 

Internal Power Dissipation (Note 1) 

60V 
Internally Limited 

Electrical Characteristics for 5V 
(VIN= 14V,10= 10 mA, TJ=25·C unless otherwise specified) 

Parameter 

Output Voltage 

Line Regulation 

Load Regulation 

. Output Impedance 

Quiescent Current 

Output Noise Voltage 

Long Term Stability 

Ripple Rejection 

Dropout Voltage 

Maximum Operational 
Input Voltage 

Maximum Line Transient 

Reverse Polarity Input 
Voltage, DC 

Reverse Polarity Input 
Voltage, Transient 

Conditions 

6.0VSV'NS26V, loS ISO mA,' 
-40·Csljs + 12S·C 

9VsV,Ns16V 
6VSV'NS26V 

S mAsloslS0 mA 

100 mAoe and 10 mArms, 100 Hz-l0 kHz 

los10 mA, 6VSV'NS26V, 
-40·Csljs + 12S·C 
10=150 mA, V'N= 14V, TI=2S·C 

10 Hz-l00 kHz 

fo=120Hz 

10=10 mA 
10=150 mA 

RL = SOOD, VosS.SV 

Vo'" -0.3V 

1 % Duty Cycle, T s 100 ms 

Electrical Characteristics for Adjustable 

Operating Temperature Range -40·Cto +85·C 

Maximum Junction Temperature 125·C 

Storage Temperature Range -65·Cto +150·C 

Lead Temperature (Soldering, 10 seconds) 230·C 

Min 

4.7S 

26 

60 

-15 

-50 

LM2931A-S.O 
Typ 

2 
4 

14 

200 

0.4 

IS 

500 

20 

80 

O.OS 
0.3 

33 

70 

-30 

-60 

Max 

S.2S 

10 
30 

50 

0.2 
0.6 

Units 

V 

mV 
mV 

mV 

mD 

mA 

mA 

I'Vrms 

mV/l000 hr 

dB 

V 
V 

V 

V 

V 

V 

(VIN~VOUT+0.6V,10= 10 mA, Tj =25·C unless otherwise specified) 

Parameter 

Reference Voltage 

Output Voltage Range 

Line Regulation 

Load Regulation 

Output Impedance 

Quiescent Current 

Output Noise Voltage 

Long Term Stability 

Ripple Rejection 

Dropout Voltage 

Maximum Operational Input 
Voltage 

Maximum Line Transient 

Reverse Polarity Input 
Voltage, DC 

Reverse Polarity Input 
Voltage, Transient 

On/Off Threshold Voltage 
On 
Off 

On/Off Threshold Current 

Conditions 

loS IsO mA, - 40·Cs 1j s + 12S·C, Rl = 27k 
Measured from VOUT to Adjust Pin 

Rl =27k 

Vour+0.6VSV'NS26V 

SmAsloslS0mA 

100 mAce and 10 mArms, 100 HZ-l0 kHz 

10= 10 mA,-40·Csljs + 125·C 
10=IS0mA 
During Shutdown RL = soon 
10 Hz-loo kHz 

10=120 Hz 

los10mA 
10=ISO mA 

10 = 10 mA, Reference Voltages 1.5V 

Vo'" -0.3V 

1 % Duty Cycle, T s 100 ms 
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Notal: Thermal resistance without a heat sink for junction to casetamparature Is 4"CIW (TO.220) and SS·CIW (TO·92). Thermal resistance for TO·220 case to 
ambient temperature Is SO·CIW. Thermal resistance for TO·92 case 10 ambient with 0.125 "lead length to PC board Is 10S·CIW and with 0.4" lead is 12S·CIW. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Typical Applications 

VIN 
UNREGULATED 

INPUT 
Cl* 

D.1J 

--

VOUT 
REGULATED 
DUTPUT 

C2** 

11DDIIF 

LM2931 Adjustable 

VCC 

R3 
51k 

Cl* 
D.lI1F 

LM2931 
--00-1 ADJUSTABLE 

Rl 
28k 

+ 
ON i:2** 

lDDIIF 
GND 

-
VOUT= Relerence Voltage x Rl~ R2 

Note: Using 28k lor Rl will automatically 
compensate lor errors In VOUT due to the 
Input bias current 01 the ADJ pin 
(approximately 1 ~). 

Definition of Terms 
Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc
tion In input voltage. Measured when the output voltage 
has dropped 100 mV from the nominal value obtained at 
14V input, dropout voltage is dependent upon load current 
and junction temperature. 

Input Voltage: The DC voltage applied to the input ter
minals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 

Line Ragulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is not 
significantly affected. 

-

• Required II regulator Is located lar 
Irom power supply Iliter •. 

•• C2 may be either an Aluminum or 
Tantalum type capacitor but must be 
rated to operate at -4O'C to guarantee 
regulator stability to that temperature 
extreme. 100~F Is the minimum value 
required lor stability and may be 
Increased without bound. Locate as 
close as possible to the regulator. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with max
imum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-ta-peak Input ripple 
voltage to the' peak-ta-peak output ripple voltage. 

Temperature Stability of Vo: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. . 
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LM78XX Series Voltage Regulators 
General Description 
The LM78XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external comp,onents to obtain adjustable voltages 
and cu rrents. 

The LM78XX series is available in an aluminum TO·3 
package which will allow over 1.0A load current if 
adequate heat sinking is provided. Current limiting is 
included to limit the peak output current to a safe value. 
Safe area protection for the output transistor is provided 
to limit internal power dissipation. If internal power 
dissipation becomes too high for the heat sinking 
provided, the thermal shutdown circuit takes over 
preventing the IC from overheating. 

Considerable effort was expended to make the LM78XX 
series of regulators easy to use and minimize the number 

Schematic and Connection Diagrams 

of external components. It is not necessary to bypass the 
output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the 
LM 117 series provides an output voltage range from 
1.2V to 57V. 

Features 
• Output current in excess of 1 A 
• Internal thermal overload protection 
• No external components required 
• Output transistor safe area protection 
• Internal short circuit cl!rrent limit 
• Available in the aluminum TO-3 package 

Voltage Range 
LM7805C 5V 
LM7812C 12V 
LM7815C 15V 

Metal Can Package 
TO·3(KI 

Aluminum 

.--.... ----... -----.---1..:-INPUT 
OUTPUT~~GNO 

A15 ,. 

A16 
03 

.---+-.............. - .... • -----+-----~DUTPUT 

AI 
'Ok 

GND ] 

"" 

"IB 
'Ok 
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,$0 
BOTTOM VIEW 

Order Numbers 
LM7B05CK 
LM7B12CK 
LM7B15CK 

See Package KC02A 

Plastic Package 
TO·220 ITI 

TOPVIEW 

Order Numbers: 
LM7B05CT 
LM7B12CT 
LM7B15CT 

See Package T03B 
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Absolute Maximum Ratings -
Input Voltage (VO = 5V, 12V and 15V) 35V 
I,nternal Power Dissipation (Note 1) Internally limited 
Operating Temperature Range (T A) 

O°Cto + 70°C 
Maximum Junction Temperature 

(KPackage) 150°C 
(TPackage) 125°C 

Storage Temperature Range -65°Cto+150°C 
Lead Temperature (Soldering, 10 seconds) 

TO-3 Package K 300°C 
TO-220 Package T 230°C 

Electrical Characteristics LM78XXC (Note 2) o°c" Tj" 125°C unless otherwise noted. 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Tj =25'C, 5 rnA'; 10'; lA 4.8 5 5.2 11.5 12 12.5 14.4 ,15 15.6 V 

Vo Output Voltage PO'; 15W, 5 rnA.; 10'; lA 4.75 5.25 11.4 12.6 14.25 15.75 V 
VMIN .; VIN .; VMAX (7 <; VIN'; 20) (14.5'; VIN .; 27) (17.5'; VIN .; 30) V 

Tj =25'C 3 50 '4 120 4 150 mV 

10=500 rnA 
",VIN (7'; VIN'; 25) (14.5'; VIN .; 30) (17.5'; VIN'; 30) V 
O'C.; Tj.; +125'C 50 120 150 mV 

"'VO Line Regulation 
",VIN (8'; VIN'; 20) (15'; VIN .; 27) (18.5'; VIN .; 30) V 
Tj-25'C 50 120 1!\0 mV 
"'VIN (7.3'; VIN .; 20) (14.6'; VIN .; 27) (17.7'; VIN .; 30) V 

10'; lA 
0''; Tj';+125'C 25 60 75 mV 
"'VIN (8'; IN'; 12) (16'; VIN .; 22) (20'; VIN .; 26) V 

Tj=25'C 
5 rnA.; 10'; 1.5A 10 50 12 120 12 150 mV 

"'VO Load Regulation 250 rnA'; 10'; 750 rnA 25 60 75 mV 

5 rnA.; 10'; lA, O'C.; Tj'; +125'C 50 120 150 mV 

IQ Quiescent Current 10'; lA 
Tj=25'C 8 8 8 rnA 
O'C.; Tj.; +125'C 8.5 '8.5 8.5 rnA 

5 rnA.; 10'; lA 0.5 0.5 0.5 rnA .. 

Quiescent Current 
Tj=25'C, 10'; lA 1.0 1.0 1.0 rnA 

LlIQ Change VMIN .; VIN .; VMAX (7.5'; VIN .; 20) (14.8'; VIN .; 27) (17.9'; VIN .; 30) V 

10'; 500 rnA, O'C.; Tj'; +125'C 1.0 1.0 1.0 rnA 
VMIN .; VIN .; VMAX (7'; VIN'; 25) (14.5'; VIN .; 30) (17.5'; VIN .; 30) V 

VN Output Noise Voltage TA=25'C, 10 Hz.; I.; 100kHz 40 75 90 ~V 

{ 10'; lA, Tj =25'C or 62 80 55 72 54 70 dB 
LlVIN 1=120 Hz 10'; 500 rnA 62 55 54 dB 

LI VOUT Ripple Rejection O'C.; Tj'; +12S'C 
VMIN'; VIN .; VMAX (8'; VIN'; 18) (15'; VIN .; 25) (18.5'; VIN .; 28.5) V 

Dropout Voltage Tj = 25'C, lOUT = lA 2.0 2.0 2.0 V 
Output Resistance 1= 1 kHz 8 18 19 mQ 

RO Short·Circult Current Tj =25'C 2.1 1.5 1.2 A 
Peak Output Current Tj =25'C 2.4 2.4 2.4 A 
Average TC 01 VOUT O'C.; Tj.; +12S'C, 10 =5 rnA 0.6' 1.5 1.8 mV/'C 

Input Voltage 
VIN Required to Maintain Tj=25'C, 10'; lA 7.3 14'.6 17.7 V 

Line Regulation 

NOTE 1: Thermal resistance of the TO-3 package IK, KC) is typically 4°C/W junction to case and 35°C/W case to ambient, Thermal resistance olthe 
TO-220 package IT) is typically 4°C/W iunction to case and 5O°C/W case to ambient, 

NOTE 2: All characteristics are measured with capacitor across the inut of 0.22 ",F, and a capacitor across the output of 0.' ",F. All characteristics ex-
cept noise voltage and ripple rejection ratio are measured using pulse techniques Itw <; 10ms, duty cycle <; 5%). Output voltage changes due to 
changes in internal temperature must be taken into account separately, 

-
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Typical Performance Characteristics 
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LM78LXX Series 3-Terminal Positive Regulators 

General Description 
The LM78LXX series of three terminal positive regu· 
lators is available with several fixed output' voltages 
making them useful in a wide range of applications. 
When used as a zener diode/resistor combination replace· 
ment, the LM78LXX usually results in an effective 
output impedance improvement of two orders of magni· 
tude, and lower quiescent current. These regulators can 
provide local on card regulation, eliminating the distri· 
bution problems associated with single point regulation. 
The voltages available allow the LM78LXX to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM78LXX, is available in the metal three lead 
TO·39(H) and the plastic TO·92 (2). With adequate 
heat sinking the regulator can deliver 100 mA output 
current. Current limiting is included to limit the peak 
output current to a safe value. Safe area protection 
for the output transistor is provided to limit internal 
power dissipation. If internal power dissipation becomes 

Connection Diagrams 

Metal Can Package 

~~P::D 
~ b'-' 

BOTTOM VIEW, 

Order Numbers: 

LM78L05ACH 
LM78L12ACH 
LM78L15ACH 

LM78L05CH 
LM78L12CH 
LM78L15CH 

See Package H03A 

too high for the heat sinking provided, the thermal 
shutdown circuit takes over preventing the IC from 
overheating. 

For output voltage other than 5V, 12V and 15V thb 
LMl17 series provides an output voltage range from 
1.2V to 57V. 

Features 
• Output voltage tolerances of ±5% (LM78LXXAC) and 

1-184 

±10% (LM78LXXC) over the temperature range 
• Output current of 100 mA 
• Internal thermal overload protection 
• Output transistor safe area protection 
• Internal short circuit current limit 
• Available in plastic TO·92 and metal TO·39 low pro· 

file packages 

Voltage Range 
LM78L05 5V 
LM78L12 12V 
LM78L15 15V 

Plastic Package 

OUTP~PUT 

GN><-/ 
BOTTOM VIEW 

Order Numbers: 

LM78L05ACZ 
LM78L12ACZ 
LM78L15ACZ 

LM78L05CZ 
LM78L12CZ 
LM78L15CZ 

See Package Z03A 



Absolute Maximum Ratings 
Input Voltage 

VO=5V 30V 
Vo = 12V to 15V 35V 

Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range O·Cto +70·C 
Maximum Junction Temperature 125·C 
Storage Temperature Range 

Metal Can (H Package) -65·C to +150·C 
Molded TO·92 (Z Package) -55·Cto +150·C 

Lead Temperature (Soldering, 10 seconds) 300·C 

LM78LXXAC Electrical \Characteristics 
(Note 2) Tj = O·C to 125°C, 10 = 40mA, CIN = 0.33I'F, Co = 0.11'F (unless noted) 

LM78LXXAC OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS. MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage Tj=25·C 4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 V 

(Note 4) 1 rnA " 10" 70 rnA 4.75 5.25 11.4 12.6 14.25 15.75 V 
1 rnA" 10" 40 rnA and 4.75 5.25 11.4 12.6 14.25 15.75 V 

VMIN " VIN " VMAX (7" VIN" 20) (14.5" VIN " 27) (17.5" VIN " 30) V 

t;Vo Line Regulation Tj = 25·C 10 54 20 ItO 25 t40 mV 
(8" VIN" 20) (16" VIN " 27) (20" VIN " 30) V 

18 75 30 180 37 250 mV 
(7" VIN" 20) (14.5" VIN " 27) (t7.5" VIN " 30) V 

t;Vo Load Regulation Tj=25·C,1 rnA" 10" 40mA 5 30 10 50 12 75 mV 
Tj = 25 ·C, 1 rnA" 10" 100 rnA 20 60 30 100 ' 35 150 mV 

t;Vo Long Term Stability 12 24 30 mVI1000 hrs 

IQ Quiescent Current Tj = 25·C 3 5 3 5 3.1 5 rnA 
Tj = 125·C 4.7 4.7 4.7 

L1IQ Quiescent Current 1 rnA" 10" 40mA 0.1 0.1 0.1 rnA 

Change VMIN " VIN " VMAX 1.0 1.0 1.0 rnA 
(8" VIN" 20) (16" VIN " 27) (20" VIN " 30) V 

V~ Output Noise Voltage Tj = 25 ·C, (Nole 3) 40 80 90 ~V 
f = 10 Hz -10 kHz 

~VIN Ripple Rejection 
f=120Hz 47 62 40 54 37 51 dB 

t; OUT (8" VIN" 16) (15" VIN " 25) (18.5" VIN " 28.5) V 

Input Voltage Tj=25·C 7 14.5 17.5 V 
Required to Maintain 
Line Regulation 

Nole 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 15·CIW junction to case and 140·CIW junction to ambient. 
Thermal resistance of the TO·92 package is 180 ·CIW junction to ambient with 0.4" leads from -a PC board and 160·CIW junction to ambient 
with 0.125" lead length to a PC board. 

Nole 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and lor lead length of the 
package. The data above represent pulse test conditions with junction temperatures as Indicated at the initiation of test. 

Nole 3: Recommended minimum load capacitance of O.OI~F to limit high frequency noise bandwidth. I 

Nole 4: The temperature coefficient of VOUT is typically within ± 0.01 % VOl ·C. 
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Absolute Maximum Ratings 
hput Voltage 

VO=5V 30V 
VO=12Vt015V 35V 

Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range O'Cto +70'C 
Maximum Junction Temperature 125'C 
Storage Temperature Range 

Metal Can (H Package) -65'Cto +150·C 
Molded TO-92 -55'to +150'C 

Lead Temperature (Soldering, 10 seconds) 300'C 

LM78LXXC Electrical Characteristics 
(Note 2) Tj = O·C to 125·C, 10 = 40mA, CIN = 0.33I'F, Co = 0.11'F (unless noted) 

LM78LXXC OUTPUT VOLTAGE SV 12V ISV 

INPUT VOLTAGE (unless otherwise noted) 10V lev 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage Tj=25'C 4.6 5 5.4 11.1 12 12.9 13.8 15 16.2 V 

(Note 4) 1 mA .. 10 .. 70 mA or 4.5 5.5 10.8 13.2 13.5 16.5 V 
1 mA .. 10" 40 mA and 6VIN (7 .. VIN" 20) (14.5 .. VIN .. 27) (18 .. VIN .. 30) V 

6VO line Regulation Tj=25'C 10 150 20 200 25 250 mV 
(8 .. VIN" 20) (16 .. VIN " 27) (20 .. VIN .. 30) V 

18 200 30 250 30 300 mV 
(7 .. VIN" 20) (\4.5 .. VIN .. 27) (18 .. VIN .. 30) V 

6VO Load Regulation Tj = 25 'C. 1 m'A " 10 .. 40 mA 5 30 10 50 12 75 mV 
TJ=25'C.l mA,,10"100mA 20 60 30 100 35 150 mV 

6VO Long Term Stability 12 24 30 mV/1ODD hrs 

IQ Oulescent Current Tj=2S'C 3 6 3 6.5 3.1 6.5 mA 
Tj = 12S'C 5.5 6 6 

610 Quiescent Current Tj =2S'C. 1 mA .. 10" 40 rnA 0.2 0.2 0.2 mA 

Change 1.5 1.5 1.5 mA 
Tj = 25'C (8 .. VIN" 20) (16 .. VIN .. 27) (20 .. VIN .. 30) V 

Vn Output Noise Voltage Tj = 25 'C, (Note 3) 40 80 90 ~V 
1 = 10 Hz -10 kHz 

6 VIN Ripple Rejection 1 = 125 Hz 40 60 36 52 33 49 dB 

6VOUT (8 .. VIN" 18) (15 .. VIN .. 25) (18.5 .. VIN .. 28.5) V 

Input Voltage Tj = 2S'C 7 14.5 18 V 
Required to Maintain 
Line Regulation 

Nolel: Thermal resistance 01 the Metal Can Package (H) without a heat Sink is 15'C/W junction to case and 140'C/W junction to ambient. 
Thermal resistance 01 the TO·92 package is 180'C/W junction to ambient with 0.4" leads from a PC board and 160'C/W junction to ambient 
with 0.125" lead length to a PC board. 

Nole 2: The maximum steady state usable output curren I and input voltage are very dependent on the heat sinking and/or lead length 01 the 
package. The dala above represent pulse test conditions with junct'ion temperatures as indicated at the initiation 01 test. 

Note. 3: Recommended minimum load capacitance 01 O.OI~F to limit high Irequency nOise bandwidth. 

Nole 4: The temperature coefficient 01 VOUT is typically within :t 0.01 'I, VO/'C. 

, 
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Typical Performance Characteristics 

Maximum Average Power 
Maximum Average Power Dissipation IMetal Can 
Dissipation IPlastic Packagel Packagel Peak Output Current 

10 10 400 

J .lVOUT '"1DOmV 

5.0 5.0 
R'N'TE HEAT SINK= f== -T)D'C ~ ~ .. lDD -

1li 0.125" LEAD LENGTH z I I -- oS 
FROM PC BOARD co .... ;::: ;:: r- -z-- ~ II Tj"'25°C ..;::::: ~ WITH 72"CNI HEAT SINK :\! b ~ 

2i 1.0 2i 1.0 = 200 
NO HEAT SINK B J ...... 

5 5 .... = 0.5 0.4" LEAD LENGTH = 0.5 I WITH 10"CNI HEAT SINK = '" If Tj" 15tre ............ ~ FROM PC BOARD 
~ ~ ...... 

2 FREE AIR 100 

I 0.125" LEAD LENGTH I I co 
FROM PC BOARD I I FREE AIR 

0.1 0.1 
0 IS 10 45 60 75 0 15 lO 45 60 75 0 5 10 15 20 25 10 

AMBIENT TEMPERATURE (' C) AMBIENT TEMPERATURE (' C) INPUT·DUTPUT DIFFERENTIAL IV) 

Dropout Voltage Ripple Rejection Output Impedance 

2.5 100 10 
I I VIN = lOV 

~ 
IO~T ~ 70 ~±t-t 5.0 Your =5V ... .. 2.0 

i""' __ 
I;;; ;;; 80 2 lOUT = 40 mA 

;::: :!! w 
T. " 25"C CO,:~ ill 

~ r-N-J. 10 T =40mA 1li 
.., 

~ 
Z 

COUT c l~F TANTALUM' 1.5 
~ 

60 .. 
:1l 

5 f-- t- IOYT "ItO fA r-: p- ;;: ~ 1.0 
.... 1.0 = 40 .... 
'" I w 

~ 0.5 ~ ... 
VIN = IOV 

'" DROPOUT CD~DI}IO~S 
t 

VOUT = 5V '" ~ 0.5 f-- f--- iO 20 co ./ 
f lOUT:: 40mA 

!!! ~,Vor ",2%i'V'!"' I ,...-1-- TA =2S"C 

0 0.1 
0 25 SO 75 100 125 10 100 lk 10k lOOk 10 100 lk 10k lOOk 1M 

JUNCTION TEMPERATURE I CI FREQUENCY 1Hz) FREOUENCY IHd 

Quiescent Current Quiescent Current 

4.0 1.4 

1.8 3.3 
VIN =IOV -
VOUT '" 5V .. 1.6 .. 1.2 lOUT =40mA-oS oS 

.... 1.4 .... 3.1 
i"o... ~ 3.2 

ill 
1.0 ~ I"'-.. = B 3.0 B 2.9 

.......... .... 2.8 .... 
2.8 

~ 'I ill .......... 
::l 2.6 

1 fli 2.7 
......... 5 2.4 VOUT = 5V 5 2.6 

" lOUT "4DmA " I ......... 2.2 TJ "25'C 2.5 

2.0 2.4 
, 5 10 15 20 25 3D 0 25 50 75 100 125 150 

INPUT VOLTAGE IV) JUNCTION TEMPERATURE I'C) 
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Equivalent Circuit 

r--..... >_--.... ---------------.... --.... ---~~Ov,. 

01 01 

R2 
J41k 

Rl RS 
J89k 1.8k 

~~~-+--r---~ Q6 

"' 2B4k 

Q. 
'" I.' 

L...-------1-.... - .... -o VOUT 

CI 

"F 

R8 
10k 

All 

RTJ 
223k 

L...~~-.... ---4-~~~>_---~~>_------------_4_oGND 

Typical Applications 

-ReqUIred II the regulator IS lotaled I~r hom the pnw!r 5Uppty filler. 

··See NOla J In the eleclIlCll challctemtlcs lable. 

Fixed Output Regulator 

LM78LXX 
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INPUT 1-4~"",>_-OUTPUT 

Your : SV + (SV/Rl + tal R2 
SVfRl ;. J la. ID~d regutlllCln (l,1 '" IIAI + RZJlR1J Il, ollMlll0S) 

Adjustable Output Regulator 



Typical Applications (Continued) 

IIIIPUT 

AI 

'-----+--OUTPUT 

'OU1-{V lJIR11· IQ 

..'.10 ·15mAover Ime aod load changes 

Current Regulator 

"·OphOnal"lmpHI"e."pplereleChonandtran,rentrelpunse. 

load Aeg~lal.on 06% 0 ~ Il "- 250 rnA pulsed with tON· 50 illS 

5V, 500 mA Regulator with Short Circuit Protection 

+V'N -lOV 1-----.-0 +VOIJT = 15VAT IODmA 

...... ~-.... -o -VOUT~ -15VAT IOOmA 

·Sohdunulum. 

C," 

T 022JJF 

AI 

! 15V, 100 rnA Dual Power Supply 

LM18UI5 

J' ., 

'J 
-V'N =-10V o-~"""",,"---"'---+'< 

C2 

30pF 

·Solidlantalum 

VOUT ~ Vo + 5V, RI "{-VIN/le LM7BL051 

VOUl ~ 5V (R2IR4) lor (R2 + Rll = (R4 + RS) 

A05VoutpulWllltGHespondto (R2IR41~O.I.(RJ/R41"'D9 

Variable Output Regulator O.SV - l8V 
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~National 
~ Semiconductor 

Voltage Regulators 

LM78MXX series 3-Terminal Positive Regulators 

General Description 
The LM78MXX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other sol,id 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currentS. 

The LM78MXX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over O.5A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis
tor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the IC from overheating. 

Schematic and Connection Diagrams 

Considerable effort was expended to make the LM78MXX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

Features 
• Output current in excess of O.5A 
• Internal thermal overload protection 
• No external components required 
• Output transistor safe area protection 
• Internal short circuit current limit 
• Available in plastic TO-202 package 
• Special circuitry allows start-up even if output is 

pulled to negative voltage (±'supplies) 

r-.... ----:---<l~------... ---___1P_--.... -oV,. 

01 

012 

" 

Oil 
49n 

Oil n, 

01& 
',5 

'---'IIVv-i---+-t-oVUUT 
020 
1kT02Dk 

1------=:....t----i------+I4VI 
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021 .. 

Plastic Package 

o 
GN. 

INPUT ___ _OUTPUT 

L GN• 

FRONT VIEW 

Order Numbers 
LM18M05CP 
LM7BM12CP 
LM7BM16CP 

Sea Package P03A 

For Tab Bend TO-202 
Order Numbe .. 

LM7BM06CP TB 
LM7BM12CP TB' 
LM7BM15CP TB 
Sea Package P03E 



Absolute Maximum Ratings 
Input Voltage 

(VO = 5V, 12V, 15V) 35V 
Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Ran'ge O·Cto +70·C 
Maximum Junction Temperature +125·C 
Storage Temperature Range -65·Cto +150·C 
Lead Temperature (Soldering, 10 seconds) +230·C 

Electrical Characteristics TA=O·C to 70·C, 10=500 mA, unless otherwise noted. 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage Ti =2S"C 4.8 S S.2 II.S 12 12.5 14.4 15 15.6 V 

PD''; 7.SW, S mA.; 10'; 500 mA 4.75 S.2S 11.4 12.6 14.25 15.75 V 
and VMIN .; VIN .; VMAX (7.5" VIN .; 20) (14.8" VIN .; 27) 118'; VIN " 30) V 

{:,.v0 Line Regulation Ti =2S"C, 10 = 100 mA SO 120 150 mV 
Ti =25"C, 10= sao mA 100 240 300 mV 

(7.2'; VIN .; 25) (14.5'; VIN .; 30) (17.6'; VIN" 30) .V 

"'VO Load Regulation Ti = 25"C, 5mA'; 10'; SOOmA 100 240 300 mV 

"'VO Long Term Stability 20 48 60 mV/l000 hrs 

IQ Quiescent Current Ti=25"C 4 10 4 10 4 10 mA 

"'IQ Quiescent Current Ti=25"C O.S O.S O.S mA 
Change 5 mA.; 10'; sao mA 

Ti =2S"C 1 '1 1 mA 

VMIN .; VIN " VMAX (7.5'; VIN .; 2S) (14.8'; VIN .; 30) (18'; VIN .; 30) V 

Vn Output Noise Voltage Ti = 2S"C, 1= 10 Hz -100 kHz 40 7S 90 ~V 

'" VIN Ripple Rejection 
",VOUT . 

1=120 Hz 78 71 69 V 

Input Voltage Ti =2S"C, 10 = sao mA 7.2- 14.5 17.6 V 
Required to Maintain 
Line Regulation 

Note 1: Thermal resistance without a heat sink lor junction to case temperature is 12"C/W lor the TO·202 package. Thermal resistance lor 
case to ambient temperature is 70 "C/W lor the TO·202 package. 
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Typical Performance Characteristics 
I 

Maximum Average Power 
Diuipation Peak Output Current Ripple Rejection 

lO 1.5 100 
20 

Tj-Ot 

111111111 

I-- ,INFINITE HEAT SINK 1.25 r- Vo~~~1I5V 
~ ~ BO 10 ~ = 
'" ~ C> .... 1.0 15 ;:: 5 ill , Tj"2;"C f"" ~t--,.. 60 :::! 

WITH 15"CIW HEAT SINK":::: i=:--- = j 2i ~ 0.15 

I"'" C 2 5 Tj"15O'C r---... 40 = =N~ ~ 1::::':_ ~ 
0.5 ......... I:: 

~ 1 1== 1== I r--..... i< 
0.25 20 VIN - "OUT = Voc +3.5 rms 

0.5 lOU T= 500 rnA 
T1"- 25 C 

O.l 0 0 
0 15 lO 45 60 15 0 5 10 15 20 25 lO 10 100 1k 10k lOOk 

AMBIENT TEMPERATURE I'C) INPUT·OUTPUT DIFFERENTIAL IV) FREDUENCY (Hz) 

Output Voltage {Normalized 
Ripple Rejection Dropout Voltage to lVatTJ=25' CI 

90 2.5 1.015 
f= 120 Hz 

;;;.!O~T" 5JO mA 

:;; 
"IN - VOUT '" 8 "OC ~ ~1,O10 

+3.5Vrms ~ 

?O lD '" - '" :s BO lOUT'" 5QOmA ;:: 

~ 
~ 1.005 

15 / Tj=25°C 

~ > 1 
t; 1.5 - 5 i-""" ......... r-.... 
~ 10 • C ~ ~ 0.995 

1;; 1.0 C> " w 

~ -- ~ 0.990 
~ 

I I I:: 
60 PART'" "IN ~O.985 i< LM7BM05C, 10V ~~ 0.5 

~VD~T" 10~ mV 

.. 
LM1BM12C,19V ~ 0.980' 
LM1BM15C,2lV :!; z 

50 0 0.975 
0 5 10 15 20 25 0 25. 50 75 100 125 150 0 25 50 15 100 125 150 

OUTPUT VOLTAGE (VI JUNCTION TEMPERATURE ,'C) JUNCTION TEMPERATURE I C) 

Quiescent Current Quiescent Current Output Impedance 

6.0 4.5 10 
VOUT" 5V VIN"10V 

~ 5.5 10UT= SmA 
~ VOUT" 5V 

.§ Tj" 25'C .~ 4.0 ~ - 1.0 
'OUT=250mA /" 

.... -......... w Tj" 25'C 

~ 5.0 ~ " z 

= ~ r-..... ~ / B 4.5 l.5 0.1 

i -~ - ~ 
! 

'~ ... 
4.0 '" r 5' l.O ~ 0.01 L.l" VIN" 10V C> 

co l.5 co VOUT" 5V 
IOUT"'SmA 

l.O 2.5 0.001 
5 10 15 20 25 lO l5 0 25 50 15 100 125 150 10 100 1k 10k lOOk 1M 

INPUT VOLTAGE IV) JUNCTION TEMPERATURE I'C) FREQUENCV 1Hz) 
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~National 
~ Semiconductor 

Voltage Regulators 

LM79XX Series 3-Terminal Negative Regulators 
General Description 
The LM79XX series of 3·terminal regulators is available 
with fixed output voltages of -SV, -12V, and -lSV. 
These devices need only one external component-a 
compensation capacitor at the output. The LM79XX 
series is packaged in the TO·220 power package and is 
capable of supplying 1.SA of output current. 

drain of these devices with a specified maximum change 
with line and load ensures good regulation in the voltage 
boosted mode. 

For applications requiring other voltages, see LM137 
data sheet. 

These regulators employ internal current limiting safe 
area protection and thermal shutdown for protection 
against virtually all overload conditions. 

Features 
• Thermal, short circuit and safe area protection 

Low ground pin current of the LM79XX series allows 
output voltage to be easily boosted above the preset 
value with a resistor divider. The low quiescent current 

• High ripple rejection 
• 1.SA output current 
• 4% preset output voltage 

Typical Applications 
:t15V, ~ Amp Tracking Regulators 

I--<i~----<i>--~~-""-o Your (t115V 

I 
I 
I 
I 
I 

C4**-Lt 
ZS,.F-r-

I 
I 
I 

.," 
10k 
1~. 

.," 
10k 
1% 

D1 
IN4001 

... ----.... - ..... -+------+-+---1k> COMMON 

cs**...l..! 
2S~F'-

I 
I 

RZ Rl 

+-'VI"fIr~ ~~TPUT TRIM 
TO-150V 

D2 
lN4QQl 

J--4>_------~>_-.... _o VOUT 1-1 15V 

Performance (Typical) 

(-15) 

Load Regulation at AIL = lA 
Output Rlpple, CIN = 30001lF, IL = 1A 
Temperature Stability 
Output Noise 10 Hz:O; f :0; 10 kHz 

40 mV 
100l'Vrms 
50mV 
150llVrms 

(+15) 

2mV 
100llVrms 
50mV 
150l'Vrms 

·Resistor tolerance of R4 and AS determine matching of (+) and (-) outputs 
-·Necessary only if raw supply filter capacitors are more than 3" from regulators 

Fixed Regulator 

*Required if regulator is separated from filter capacitor by more than 3". 
For value given, capacitor must be solid tantalum. 25J,lF aluminum electro
lytic may be substituted. 

tRequired for stability. For value given, capacitor must be solid tantalum. 
25~F aluminum electrolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100JolF, a high current diode from 
input to output (1 N4001, etc.) will protect the regulator from momentary 
input shorts. 

1·193 

Variable Output 

41mproves transient response and ripple rejection. 
00 not increase beyond 50,uF. 

+ INPUT 

_INPUT 

VOUT = VSET (R1
R
+
2 
R2) 

Select R2 as follows 

LM7905CT 
LM7912CT 
LM7915CT 

300n' 
750n. 
1k 

Dual Trimmed Supply 

\-'--.... - .... ---..... -<l+5.DV 

., 
IN4DGl 

o-+----t-------+-~r-_1~--~-o'.M 

.2 
lN4001 

\-'--+-... _ ..... --<1>-0<>-•.•• 



Absolute Maximum Ratings 
Input Voltage 

(Vo = 5V) -35V 

(Vo = 12V and 15V) -40V 

Input-Output Differential 

(Vo = 5V) 25V 

(Vo = 12V and 15V) 30V 

Power Dissipation Internally Limited 
Operating Junction Temperature Range O°C to +125°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 230°C 

Electrical Characteristics I 

Conditions unless otherwise noted: lOUT = 500 mA, CIN = 2.2flF, COUT = lflF, 

O°C~TJ~ +125"C, Power Dissipation ~ 15W. 

PART. NUMBER LM7905C 

OUTPUT VOLTAGE 5V 
UNITS 

INPUT VOLTAGE (unless otherwise specified) -10V 

PARAMETER CONDITIONS MIN TYP MAX 

Vo Output Vol tage TJ=25°C --4.8 --5.0 -5.2 V 

5mA~ IOUT~ lA, -4.75 -5.25 V 

P~ 15W 1-20 ~ VIN ~ -7) V 

::'VO L'ne Regulation TJ = 25"C, INote 2) 8 50 mV 

(-25 <; VIN ~ -71 V 

2 15 mV 

1-12 ~ VIN ~ -8) V 

::'VO Load Regulation TJ = 25"C, INote 2) mV 

5 mA ~ lOUT ~ 1.5A 15 100 mV 

250 mA ~ lOUT ~ 750 mA 5 50 rnV 

10 OUlescent Current TJ = 25"(; 1 2 rnA 

::'10 QUiescent Current With Line 0.5 mA 

Change (-25 ~ VIN ~ -7) V 

With Load,5rnA~IOUT~lA 0.5 rnA 

Vn Output NOise Voltage TA = 25'C,10Hz~f~100Hz 125 flV 

Ripple Rejection f=120Hz 54 66 clB 

1-18~VIN~-81 V 

D,opout Voltage TJ = 25'C, lOUT = lA 1.1 V 

lOMAX Peak Output Current T J = 25C 2.2 A 

Avel aqc Temperature lOUT = 5 mA, 0.4 mV/'C 

CoeffiCient of DC·::; T J ~ 1 00 ' C 

Output Voltage 
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Electrical Characteristics (Continued) Conditions unless otherwise noted: lOUT = 500 rnA, CIN = 2.21lF, 

COUT = 11lF, O°C ~ TJ ~ +125°C, Power Dissipation = 1.5W. 

PART NUMBER LM7912C LM791SC 
OUTPUT VOLTAGE 12V 1SV 

UNITS 
INPUT VOLTAGE (unless otherwise specified) -19V -23V 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

Vo Output Voltage TJ=25'C '11.5 -·12.0 --125 -14.4 -15.0 -15.6 V 

SmA~IOUT<;lA, -11.4 -12.6 -14.25 --15.75 V 

P <; 15W 1-27:; VIN <; -14.5) (-30<;VIN<S 17.5) V 

~VO Line Regulation TJ = 2S"C, (Note 2) 5 80 5 100 rnV 

( -3D S; VIN <; -14.51 (-30 ~ VIN::- 17.5) V 

3 30 3 50 mV 

(-22 < VIN < -16) (-26:; VIN'''' -20) V 

~VO Load Regulation TJ = 25'C. (Note 2) 15 200 15 200 mV 

5 mA S lOUT <; 1.5A 15 200 15 200 mV 
250 mA <; lOUT:; 750 rnA 5 75 5 75 mV 

IQ QUiescent Current TJ = 25"C 1.5 3 1.5 3 mA 

~IQ Quiescent Current With Line 0.5 0.5 mA 
Change (-30:; V IN:; -14.5) (-30 <; V IN <; -17.5) V 

With Load,SmA<; lOUT:; lA 0.5 0.5 mA 

Vn Output Noise Voltage TA = 25°C,10Hz:;f:;100Hz 300 375 IlV 

Ripple Rejection f=120Hz S4 70 54 70 dB 

(-25<;VIN:;-15) (-30:;VIN<;-175) V 

Dropout Voltage TJ = 25°C, lOUT = lA 1.1 1.1 V 

lOMAX Peak Output Current TJ = 25°C 2.2 2.2 A 

Average Temperature lOUT = 5 mA, -0.8 -1.0 mvtc 
Coefficient of O°C s: TJ s: 100°C 

Output Voltage 

Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junct"ion to ambient (0 JA) is 50oC/W 
(no heat sink) and sOe{W (infinite heat sink>. 
Nota 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cvcle. Changes in output voltage 
due to heating effects must be taken into account. 
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Typical Applications (Continued) 
High Stability 1 Amp Regulator 

-~>--""'--""----1~-""'-------"::lI>--vouTltl 

01 
LM329 B 
7V 

." 

.,-

+ C2tt 
_l~F 

~6-__ ..... ________ .=,~_VoutH 

Load and line regulation < 0.01% temperature stability ~ 0.2% 
t Determines Zener current 

ttSolid tantalum 

·Select resistors to set output voltage. 2 ppmfC tracking suggested 

Preventing Positive Regulator Latch-Up 

r-~---"""--",,,--a...--, 

Co.---1~--;----~---t---, 

I 
I 
I 
I 

r~1 I COMMON 
I LOAD l_J CURRENT 

I 
I 
I 
I 

}!-...... --.... ---.,.-.... ----<C)4 __ J 

Rl and 01 allow the positive regulator to "start-up" when +VIN is 
delayed relative to -VIN and a heavy load is drawn between the 
outputs. Without R1 and 01, most three-terminal regulators will not 
start with heavy to.1 A-1 Al load current flowing to the negative 
regulator, even though the positive output is clamped by 02 . 

.. R2 is optional. Ground pin current from the positive regulator flowing 
through Rl will increase +VOUT '" 60 mV if R2 is omitted. 

22I1F + 
SOLID 

TANTALUM 

INPUT 

Current Source 

5V 
'IOUT" 1 mA+ R1 

Light Controllers Using Silicon Photo Cells 

6V-ISV 
BULB 
I.1SA 
MAX TURN·ON 
CURRENT 

.. Lamp brightness increases until il = iQ (~ 1 rnA) + 5V/R1. 

t Necessary only if raw supply filter capacitor is more than 2" 
from LM7905CT 

Connection Diagrams 

Ord8r Numbers: 
LM7905CK 
LM7912CK 
LM7915CK 

See NS Packaga KC02A 

TO-3 Package 

QUT~PUTJ~:~=~~I 
00 

1 

. GND 

BOTTOM VIEW 
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I 
I 
I Q1 
.+ 2NG14l 

Ctt_a._ 
25}1F-,-

I 
I 
I 

BV-ISV, 
BULB 
U5A 
MAX TURN·ON 
CURRENT 

*Lamp brightness increases until il = 5V/Rl 01 can be set as 
low as lilA) 

t Necessary only if raw supply filter capacitor is more than 2" 
from tM7905CT 

TO-220 Package 

'TOP VIEW 

Order Numbers: 
LM7905CT 
LM7912CT 
LM7915CT 

See NS Package T03B 



Schematic Diagrams 
-5V 

./--+-.... -0 VOUT 

D3 
6.2V 

R20 
20k 

R16 
0.2 

v,"O--4--~-4---~~-*--~--~~--------~-~~-------------~ 

-12V and -15V 

R18 
4k 

R19 
5k 

R17 

...---..... - .... -a VOUT 

DJ 
62V 

R10 
20k 

R16 
0.2 

V'No--*--~-~--~~-~-~--~~--------~-~~-------------~ 
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~National . 
~ Semiconductor 

Voltage Regulators 

LM79LXXAC Series 3-Terminal Negative Regulators 
General Description 

The LM79LXXAC series of 3-terminal negative voltage 
regulators features fixed output voltages of -SV, -12V, 
and -lSV with output current capabilities in excess 
of 100 mAo These devices were designed using the latest 
computer techniques for optimizing the packaged IC 
thermal/electrical performance. The LM79LXXAC 
series, even when combined with a minimum output 
compensation capacitor of 0.1 /-IF, exhibits an excellent 
transient response, a maximum line regulation of 0.07% 
VON, and a maximum load regulation of 0.01% 
YO/mAo 

The LM79LXXAC series also includes, as self-protection 
circuitry: safe operating area circuitry for output transis
tor power dissipation limiting, a temperature independent 
short circuit current limit for peak output current 
limiting. and a thermal shutdown circuit to prevent 
excessive junction temperature. Although designed pri
marily as fixed voltage regulators. these devices may be 

Typical Applications 

Fixed Output Regulator 

LM79LXXACZ 

*Required if the regulator is located far from the power supply 
filter. A 1 /-IF aluminum electrolytic may be substituted_ 

**Required for stability. A 1 #IF aluminum electrolytic may 
be substituted. 

Cl 
D.3hF 

+ 

Adjustable Output Regulator 

+ CZ 
0.1 "F 

-VIN 0-..... ---1 1--.... --_ .... 0 -Vo 

-VO ~ -5V - (5V/Rl + lal • R2. 
5V/Rl > 31a 
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combined with simple .external circuitry for boosted and/ 
or adjustable voltages and currents. The LM79LXXAC 
series is available in the 3-lead TO-92 package. 

For output voltage other than SV, 12V and lSV the 
LM 117 series provides an output voltage range from 
1.2V to S7V. 

Features 
• Preset output voltage error is less than ±S% overload, 

line and temperature 
• Specified at an output current of 100 mA 
• Easily compensated with a small 0.1 ,.,.F output 

capacitor 
• Internal short-circuit, thermal and safe operating area 

protection 
• Easily adjustable to higher output voltages 
• Maximum line regulation less than 0.07% VOUTN 
• Maximum load regulation less than 0.01% VOUTmA 
• TO-92 package 

Connection Diagram 

TO-92 Plastic Package IZI 

GN~UTPUT 

INPU>-<J 

BOTTOM VIEW 

Order Numbers 
LM79L05ACZ 
LM79Ll2ACZ 
LM79L15ACZ 

See Package Z03A 



Absolute Maximum Ratings 

Input Voltage' 
VO= -5V, -12V, -15V -35V 

Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range O·Cto + 70·C 
Maximum Junction Temperature +125·C 
Storage Temperature Ra'nge -55·Cto +150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics (Note 2) TA=O·C to +70· unless otherwise noted. 

OUTPUT VOLTAGE -5V -12V -15V 

INPUT VOLTAGE (unless otherwise noted) -10V -17V -20V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage Tj; 25·C. 10; 100 rnA -5,2 -5 -4,8 -12,5 -12 -11,5 -15.6 -15 -14.4 

1 rnA " 10" 100 rnA -5,25 -4,75 -12.6 -11.4 -15.75 -14,25 

VMIN" VIN " VMAX (-20" VIN,,-7,5) (-27" VIN " -14,8) (-30"VIN,,-18) V 

1 rnA " 10" 40 rnA -5,25 -4,75 -12,6 -11.4 -15.75 -14,25 

VMIN " VIN " VMAX (-20" VIN " -7) (-27" VIN " -14,5) ( -30 " VIN " -17,5) 

t>.VO Line Regulation Tj; 25'C, 10; 100 rnA 60 45 45 mV 

VMIN " VIN " VMAX (-20" VIN,,-7,3) (-27" VIN" -14.6) (-30" VIN " -17,7) V 

Tj ; 25 'C,IO; 40 rnA 60 45 45 mV 

VMIN " VIN " VMAX (-20"VIN,,-7) (-27" VIN" -14,5) (-30" VIN " -17.5) V 

t>. Load Regulation Tj;25'C 50 100 125 mV 

1 rnA " 10 " 100 rnA 

t>.VO Long Term Stability 10;100 rnA 20 48 60 mVlkhrs 

IQ Quiescent Current 10;100 rnA 2 6 2 6 2 6 rnA 

t>.IQ Quiescent Current 1 rnA " 10" 100 rnA 0,3 0,3 0,3 
rnA Change 

1 rnA" 10" 40 rnA 0,1 0,1 0.1 

10;100 rnA 0,25 0,25 0,25 rnA 

VMIN " VIN " VMAX (-20" VIN" -7,5) (-27" VIN " -14.8) (-30" VIN" -18) V 

Vn Output Noise Voltage Tj; 25'C, 10; 100 rnA 40 96 120 ~V 
I; 10 Hz -10 kHz 

t>.VIN 
Ripple Rejection 

Tj; 25'C, 10; 100 rnA 50 52 50 dB 
t>.VO I; 120 Hz 

Input Voltage Tj =25'C 
Required to Maintain 10=100mA -7.3 -14,6 -17,7 

V 
Line Regulation 10=40 rnA -7,0 -14,5 -17,5 

Note 1: Thermal resistance, junction to ambient, 01 the TO·92 (Z) package is 180 'CIW when mounted with 0,40 inch leads on a PC board, and 
160'CIW when mounted with 0.25 inch leads on a PC board, 

Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used, 

, 
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0.01 
-5 -10 -15 -20 -25 -30 -35 . 10 100 Ik 10k lOOk 1M 

II/PUT VOLTAGE (V) FREQUEIICY (Hz) 

Typical Applications (Continued) 

±15V,100 mA Dual Power Supply 

J--t-oOVOUT " 15V@100 mA 

CZ 
0.01 ~F 

GNOo-~------~--~--~-o 

C4 
O.OI.F 

t--e-oO-VOUT" -15V iii 100 mA 
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Schematic Diagrams 
-5V 

-12V and -15V 

1-201 

GND 

GND 

r s: 
a:I 
r 

S 
o 
C/) 
CD 
"'" ar 
U) 



~National Voltage Regulators 
~ Semiconductor 
LM79MXX Series. 3-Terminal Negative Regulators 
General Description 

The LM79MXX series of 3·terminal regulators is available 
with fixed output voltages of -5V, -12V, and -15V. 
These devices need only one external component-a 
compensation capacitor at the output. The LM79MXX 
series is packaged in the TO·202 power package and 
TO·39 metal can and is capable of supplying 0.5A of 
output current. 

value with a resistor divider. The low quiescent current 
drain of these· devices with a specified maximum change 
with line and load ensures good regulation in the voltage 
boosted mode. 

For output voltage other than 5V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

These regulators employ internal current limiting safe 
area protection and thermal shutdown for protection 
against virtually all overload conditions. 

Low ground pin current of the LM79MXX series allows 
output voltage to be easily boosted above the preset 

Typical Applications 
.15V,1 Amp Tracking Regulator. 

Features 
• Thermal, short circuit and safe area protection 
• High ripple rejection 
• 0.5A output current 
• 4% preset output voltage 

Variable Output 

.v~o-... ---i '-~~---~~--""-"">oo()VoUT(tllSV 

I 
I 
I 
I 
I 

" •• ....L!. 
25..F-,-

I 
I 

.0· 
'" ", 

.,. 
'" ,', 

., 
IN4DOI 

I -Improves transient response and ripple rejection. 

.... -----+-.... -+_-----.... -+--_~CDMM •• 

C5 .. ....1...! 
''''-,-

I 
I 

., 
" 

C2 
R2 Rl 25.F 

...... ' ... .......,~~~TPUT TRIM 
TO -150V 

+ 

D2 
lN4DDl 

-vwo-.... ---i '--4~------'_""-"'>oo()vou, H 15V 

Load Regulation at O.SA 

Performance (Typical) 

(-15) 
40mV 

Output Ripple, CIN = 3000"F, IL = O.SA 
Temperature Stability 
Output Noise 10 Hz::; f:,> 10 kHz 

100"Vrms 
SOmV 
150"Vrms 

(+15) 
2mV 
100"Vrms 
50mV 
.IS0"Vrms 

·Resistor tolerance of R4 and R5 determine matching of (+) and (-) outputs 
··Necessary onlv if raw supply filter capacitors are more than 3" from regulators 

Fixed Regulator 

Do not increase beyond 50"F . 

(
Rl + R2) 

VOUT = VSET --;;--

Select R2 as follows: . 

LM79M05CP 300n 
LM79M12CP 750n 
LM79M15CP lk 

Dual Trimmed SupplV 

+ INPUT ~-""-,,,,---,,,,-o+5.DV 

·Required if regulator is separated from filter capacitor by more than 3". 
For value given. capacitor must be solid tantalum. 25#lF aluminum electro
lytic may be substituted. 

tRequired for stability. For value given, capacitor must be solid tantalum. 
25"F aluminum electrolytic may be substituted, Values given may be 
increased without limit. 

For output capacitance in excess of 100J,lF. a high current diode from 
input to output (1 N4001. etc.) will protect the regulator from momentary 
input shorts. 
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Absolute Maximum Ratings 
Input Voltage 

(Va = 5V) 25V 
(VA = 12Vand 15V) -35V 

Input/Output Differential 
(Va = 51\j) 25V 
(Va = 12Vand 15V) 30V 

Power Dissipation Internally Limited 
Operating Junction Temperature Range O·Cto +125·C 

. Storage Temperature Range -65·Cto +150·C 
Lead Temperature (Soldering, 10 seconds) 230·C 

Electrical Characteristics Conditions unless otherwise noted: lOUT = 350 rnA, CIN = 2.2,.IF, COUT = l"F, 
O·C .. Tj" +125·C 

PART NUMBER LM79M05C LM79M12C LM79M15C 

OUTPUT VOLTAGE -5V -12V -15V 

INPUT VOLTAGE (unless otherwise specified) -10V -19V -23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage Tj = 25'C -4.8 -5.0 -5.2 -11.5 -12.0 -12.5 -14.4 -15.0 -15.6 V 

5 rnA'; lOUT'; 350 rnA -4.75 -5.25 -11.4 -12.6 -14.25 -15.75 V 
(-25'; VIN'; -7) (-27'; VIN .; -14.5) (-30'; VIN'; -17.5) V 

t.VO Line Regulation Tj = 25 'C, (Note 2) 8 50 5 80 5 80 mV 
(-25'; VIN'; -7) (-30'; VIN'; -14.5) (-.; VIN'; -17.5) V 

2 30 3 30 3 50 mV 
(-18'; VIN'; -8) (-25'; VIN'; -15) (-28'; VIN'; -18) V 

t.VO Load Regulation Tj = 25 'C, (Note 2) 
5 rnA'; lOUT'; 0.5A 30 100 30 240 30 240 mV 

IQ Quiescent Current Tj=25'C. 1 2 1.5 3 1.5 3 rnA 

t.IQ Quiescent Current With Line 0.4 0.4 0.4 rnA 
Change (-25'; VIN'; -8) (-30'; VIN'; -14.5) (-30'; VIN .; -27) V 

With Load, 
5 rnA .; lOUT'; 350 'mA 0.4 0.4 0.4 rnA 

Vn Output Noise Voltage TA=25'C, 10 Hz'; f'; 100 Hz 750 400 400 ~V 

Ripple Rejection f=120 Hz 54 66 54 70 54 70 dB 
(-18'; VIN.;-8) (-25.; VIN'; -15) (-30'; VIN'; -17.5) V 

Dropout Voltage Tj = 25 'C, lOUT = 0.5A 1.1 1.1 1.1 , V 

lOMAX Peak Output Current Tj =25'C 800 800 800 A 

Average Temperature IOUT=5mA, 0.4 -0.8 -1.0 mV/'C 
Coefficient of O'C.; Tj.; 100'C 
Output Voltage 

Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (BJA) is 70'C/W (no 
heat sink) and 12'C/W (infinite heat sink). 

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects must be taken into account. 

I 

. 
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Connection Diagrams 

~
OUTPUT 

2 INPUT '''----P ~.q. o 
Metal Can Packaga T0-39 (HI 

Ordor Number: 

LM79M05.CH 
LM79M12CH 
LM79M15CH 

See Package H03A 
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INPUT , 

FRONT VIEW 

Power Package T0-202 (PI 
Order Number: 

LM79M05CP 
LM79M12CP 
LM79M15CP 

See Package P03A 

For Tab Band TO·202· 
Order Number: 

LM79M05CP TB 
LM79M12CP TB 
LM79M15CP TB 
Soe Package P03E 
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Reverse Voltage 
Breakdown Voltage Device Tolerance 

VRat IR M.ax, TA=2S·C 

1.22 LMl13 ±5'10 
1.22 LM313 ±5'10 
1.22 LM113·1 ±1% 
1.22 LMl13·2 ±2'10 
1.235 LM185 ±1% 
1.235 LM285 ±1% 
1.235 LM385B ±1% 
1.235 LM385 -2.5, +2 

2.49 LM136 ±2'10 
2.49 LM136A ±1% 
2.49 LM236 ±2'10 
2.49 LM236A ±1% 
2.49 LM336 ±4% 
2.49 LM336B ±2'10 

2.5 LM185·2.5 ±1.5% 
2.5 LM285·2.5 ±1.5% 
2.5 LM385·2.5 ±3'10 
2.5 LM385B·2.5 ±1.5% 

5.0 LMI36·5.0 ±2'10 
5.0 LM136A·5.0 ± 1% 

5.0 LM236·5.0 ±2'10 
5.0 LM236A·5.0 ± 10/0 

5.0 LM336·5.0 ±4% 
5.0 LM336B·5.0 ±2'10 

6.90 LM129A +3%, -2% 
6.90 LM129B + 30/0, - 2% 
6.90 LM129C +3%, -2% 
6.90 LM329B ±5'10 
6.90 LM329C ±5'10 
6.90 LM329D ±5'10 

6.95 LM199A +1%, -2% 
6.95 LM199A + 1%, - 2% 
6.95 LM199 +1%, -2% 
6.95 LM199 +1%, -2% 
6.95 LM299A +1%, -2% 
6.95 LM299 +1%, -2% 
6.95 LM399A ±5'10 
6.95 LM399 ±5'10 
6.95 LM3999 ±5'10 

10.00 LH0070·0 0.1% 
10.00 LH0070·1 0.1% 
10.00 LH0070·2 0.05% 
10.24 LH0071·0 0.1% 
10.24 LH0071·1 0.1% 
10.24 LH0071·2 0.05% 

Adjuslable- LH0075 ±0.5% ". 
5V, 6V, 10V, 12V, 15V 

Adjustable- LH0075C ±1% 
5V, 6V, 10V, 12V, 15V 

Adjustable- LH0076 ±0.5% 
-5V,-6V, -10V, -12V, -15V 

Adjustable- LH0076C ±1% 
- 5V, - 6V, -10V, -12V, -15V 

Voltage Temperature 
Drift·ppm/·C Max or 

mV Max Change Over 
Temperature Range 

Drift Temperature 
(Max) Range 

100 ppm typ -55'Cto +125'C 
100 ppm typ O'C to 70'C 
50 ppm Iyp - 55'C to + 125'C 
50 ppm typ - 55'C to + 125'C 
20 ppm lyp - 55'C 10 + 125'C 
20 ppm typ - 25'C to + 85'C 
20 ppm Iyp O'C 10 +70'C 
20 ppm typ 0'9 to +70'C 

18rnV -55'Clo + 125'C 
18rnV - 55'C to + 125'C 
9rnV - 25'C 10 + 85'C 
9rnV -:- 25'c:; 10 + 85'C 
6 rnV O'C 10 +70'C 
6rnV O'C 10 + 70'C 

20 ppm typ -55'Clo + 125'C 
20 ppm typ - 25'C to + 85'C 
20 ppm Iyp O'C 10 +70'C 
20 ppm lyp O'C 10 + 70'C 

36rnV - 55'C 10 + 125'C 
36mV -55'Cto + 125'C 
18rnV -25'C to +85'C 
18rnV -25'Cto +85'C 
12rnV O'C 10 +70'C 
12rnV O'C to +70'C 

10 ppm - 55'C to + 125'C 
20 ppm - 55'C to + 125'C 
50 ppm - 55'C to + 125'C 
50 ppm O'C to + 70'C 
20 ppm O'C to +70'C 
100 ppm O'C to +70'C 

0.5 ppm - 55'C to + 125'C 
10 ppm 85'C to + 125'C 
1 ppm -55'C to +85'C 
15 ppm 85'C to + 125'C 
0.5 ppm -25'Cto +85'C 
1 ppm -25'Cl0 +85'C 
1 ppm O'C to + 70'C 
2 ppm O'Cto +70'C 
5 ppm O'Cto +70'C 

20rnV -25'C to +85'C 
10rnV -25'C to +85'C 
4rnV -25'Cto +85'C 
20 rnV -25'Cto +85'C 
10rnV - 25'C to + 85'C 
4rnV -25'Cto +85'C 

0.003%I'C typ - 55'C to + 125'C 

0.003%I'C typ O'C to + 70'C 

0.003%I'C typ - 55'C to + 125'C 

0.003%I'C typ O'C 10 + 70'C 
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Current Range, IR 

500 ~A to 20 rnA 
500 ~A 10 20 rnA 
500 ~A 10 20 rnA 
500 ~A to 20 rnA 
1 rnA t020 rnA 
1 rnA 1020 rnA 
1 rnA 1020 rnA 
1 rnA 10 20 rnA 

400 ~A 10 10 rnA 
400 ~A to 10 rnA 
400 ~A 10 10 rnA 
400 ~A 10 10 rnA 
400 ~A 10 10 rnA 
400 ~A to 10 rnA 

20~A 1020 rnA 
20~A 1020 rnA 
20~A 1020 rnA 
20~A 10 20 rnA 

400 ~A to 10 rnA 
400 ~A to 10 rnA 
400 ~A to 10 rnA 
400 ~A 10 10 rnA 
400 ~A to 10 rnA 
400 ~A to 10 rnA 

0.6 rnA to 15 rnA 
0.6 rnA 10 15 rnA 
0.6 rnA to 15 rnA 
0.6 rnA to 15' rnA 
0.6 rnA to 15 rnA 
0.6 rnA 10 15 rnA 

0.5 rnA to 10 rnA 
0.5 rnA 10 10 rnA 
0.5 rnA to 10 rnA 
0.5 rnA 10 10 rnA 
0.5 rnA to 10 rnA 
0.5 rnA 10 10 rnA' 
0.5 rnA to 10 rnA 
0.5 rnA 10 10 rnA 
0.6 rnA 10 10 rnA 

o rnA 1020 rnA 
o rnA 1020 rnA 
o rnA to 20 rnA 
o rnA to 20 rnA 
o rnA t020 rnA 
o rnA 1020 rnA 

1 rnA 10200 rnA 

1 mA to 200 rnA 

1 rnA to 200 rnA 

1 rnA to 200 rnA 

Output 
Dynamic 

Impedance 
(Max) 

0.81l 
0.81l 
0 .. 81l 
0.81l 
0.61l 
0.61l 
11l 
11l 

0.60 
0.60 
0.60 
0.60 
10 
10 

0.60 
0.61l 
III 
11l 

0.61l 
0.61l 
0.61l 
0.61l 
10 
11l 

10 
11l 
III 
21l 
21l 
21l 

11l 
III 
11l 
11l 
III 
10 
1.51l 
1.51l 
2.21l 

11l 
lQ 
10 
10 
11)" 
III 

11l 

III 

10 

11l 
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Voltage Temperature 

Voltage 
Drift·ppm/·C Max or Output 

Reverse mV Max Change Over Dynamic 
Breakdown Voltage Device Tolerance , Temperature Range Current Range, iR 

Impedance 
VRatlR Max, TA =2S'C 

Drift Temperature (Max) 
(Max) Range 

LOW CURRENTZENER DIODES 

1.8 
, 

LM103 ±10% -5 rnV/·C typ -55·Cto + 125·C 10p.At010rnA 25!l 
2.0 LM103 ±10% -5rnV/·Ctyp -55·Cto + 125·C 10p.A to 10 rnA 25!l 
2.2 LM103 ±10% -5 rnV/·Ctyp -55·Cto + 125·C 10p.At010rnA 25!l 
2.4 LM103 ±10% -5 rnV/·Ctyp -55·Cto + 125·C 10p.At010rnA 25!l 
2.7 LM103 ±10% -5 rnV/·Ctyp -55·Cto + 125·C 10p.A to 10 rnA 25!l 
3.0 LM103 ±10% -5rnV/·Ctyp -55·Cfo + 125·C 10p.A to 10 rnA 25!l 
3.3 LM103 ±10% -5 rnV/·C typ -55·C to + 125·C 10p.A to 10 rnA 25!l 
3.6 LM103 ±10% -5 rnV/·Ctyp - 55·C to + 125·C 10p.A to 10 rnA 25!l 
3.9 LM103 ±10% -5 rnV/·C typ - 55·C to + 125·C 10p.A to 10 rnA 25!l 
4.3 LM103 ±10% -5 rnV/·C typ -55·Cto + 125·C 10p.A to 10 rnA 25!l 
4.7 r LM103 ±10% -5 rnV/·C typ - 55·C to + 125·C 10p.At010rnA 25!l 
5.1 LM103 ±10% -5 rnV/·C typ -55·Cto +125·C 10p.A to 10 rnA 25!l 
5.6 . LM103 ±10% -5 rnV/·Ctyp -55·Cto + 125·C 10l'A to 10 rnA 25!l 

, 

. 

I 
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LH0070 Series Precision BCD Buffered Reference 
LH0071 Series Precision Binary Buffered Reference 
General Description 
The LH0070 and LH0071 are precision, three terminal, 
voltage references consisting of a temperature compen· 
sated zener diode driven by a current regulator and a 
buffer amplifier. The devices provide an accurate refer· 
ence that is virtually independent of input voltage, load 
current, temperature and time.' The LH0070 has a 
10.000V nominal output to provide equal step sizes in 
BCD applications. The LH0071 has a 10.240V nominal 
output to provide equal step sizes in binary applications. 

The output voltage is established by trimming ultra· 
stable, low temperature drift, thin film resistors under 
actual operating circuit conditions. The devices are short· 
circuit proof in both the current sourcing and sinking 
directions. 

The LH0070 and LH0071 series combine excellent 
long term stability, ease of application, and low cost, 

Equivalent Schematic 

01 

R3 

R2 

, 
GNO 

(CASEI 

Typical Applications 

.------0 v," 

> ..... --oVOUT 

RI 

.15VO-.... ---.... -----.... ------, 

100 

100 

making them ideal choices as reference voltages in 
precision D to A and A to D systems. 

Features 
• Accurate output voltage 

LH0070 
LH0071 

• Single supply operation 

• Low output impedance 
• Excellent line regUlation 

• Low zener noise 

10V ±0.02% 

10.24V ±0.02% 
11.4V to 40V 

0.2n 

0.1 mV/V 
20/lVp,p 

• 3·lead TO·5 (pin compatible with the LM109) 

• Short circuit proof 
• Low standby current 3mA 

Connection Diagram 

TO·5 Metal Can Package 

BOTTOM VIEW 

Order Number LH0070·0H, LH0071-OH. LH0070·1H, 
LH0071·1H, LH0070·2H or LH0071·2H 

. See NS Package H03B 

+15V 

f:-------OVOUT 

L... ___________ """'DDIIr-..... _<>~~~~~T 

*Note. The output of the LH0070 and LH0071 
may be adjusted to a precise voltage by using 
the above circuit since the supply current of 
the' devices is relatively small and constant 
with temperature and input voltage. For the 
circuit shown. supply sensitivities are degraded 
slightly to O.Ol%IV change in VOUT for 
changes in VI Nand V-. 

Statistical Voltage Standard 

+ 
OPTlO"A' T 
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An additional temperature drift of 0.0001%1 
°c is added due to the variation of supply 
current with temperature of the .LH0070 and 
LH0071. Sensitivity to the value of R 1, R2 
and R3 is less than 0.001 %1%. 

·Output Voltage Fine Adjustment 

r
:::I: 
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r
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Absolute Maximum Ratings 

Supply Voltage 40V 
Power Dissipatio~ (See Curve) 600mW 
Short Circuit Duration Continuous 
Output Current ±20mA 
Operating Temperature Range -55°C to +125°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS MIN TYP ·MAX UNITS 

Output Voltage TA = 25°C 

LH0070 10.000 V 

LH0071 10.240 V 

Output Accuracy. TA = 25°C 

-0, -·1 ±0.03 ±0.1 % 

-2 ±0.02 ±0.05 % 

Output Accuracy T A = -55°C, 125°C 

-0,-1 ±0.3 % 

-2 ±0.2 % 

Output Voltage Change With (Note 2) 

Temperature 

-0 ± 0.2 % 

-1 ±0.02 ± 0.1 % 

-2 ±O.Ol ±0.04 % 

Line Regulation 13V 5 VIN 5 33V, TC = 25°C 

-0,-1 0.02 0.1 % 

-2 0.01 0.03 % 

Input Voltage Range 11.4 40 V 

Load Regulation o mA 5 lOUT 5 5 mA 0.01 0.03 % 

Quiescent Current 1.3V 5 VIN 5 33V, lOUT = 0 mA 1 3 5 mA 

Change In Quiescent Current 6.VIN = 20V From 13V To 33V 0.75 1.5 mA 

Output Noise Voltage BW = 0.1 Hz To 10 Hz, T A = 25°C 20 pVp·p 

Ripple Rejection f = 120 Hz om %/Vp.p , 
Output Resistance , 0.2 0,6 !1 

Long Term Stability T A = 25°C, (Note~) 

-0,-1 ±0.2 ,%/yr. 

-2 ±0.05 %/yr. 

Note 1: Unless otherwise specified, these specifications apply for VIN = 15.0V. RL = 10 k.n; and over the temperature range of -5So C :5. T A$. 
+12SoC. 

Note 2: This specification is the difference in output voltage measured at TA = 8SoC and T A = 25°C or T A = 2SoC and T A = -2SoC with readings 
taken after test chamber and device-under-test stabilization at temperature using a suitable precision voltmeter. 
Note 3: This parameter is guaranteed by design and not tested. 

\ 

, 
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Typical Performance Characteristics 
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Typical Applications (Continued) 

lN40D4 

NOMINAL 
l11Vrms 10"F 
AC LINE ZODV 
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Quiescent Current vs Input 
Voltage 
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vs Temperature 
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CASE TEMPERATURE ( CI 

Output Short Circuit 
Characteristics 
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CD Typical Applications (Continued) ·C 
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LH0075 Positive Precision Programmable Regulator 
General Description Features 
The LH0075 is a precision programmable regulator for 
positive voltages. Regulated output voltages from 0 to 
27V may be obtained using one external resistor. Also 
available without any external components are several 
fixed regulated voltages with accuracies to 0.1 % (5V, 
6V, 10V, 12V and 15V). The output current limit is 
adjustable from 0 to 200 mA using two external resistors. 
These features provide an inventory of precision regulated 
values in one package. 

Schematic Diagram 
V,N 

Rl 

CREF --L
(EXTERNAL; -.-

I 
I 
I 
I 
I 
I 
J 
J 
I 

R4 

• Output adjustable to OV 

• ,Line regulation typically 0.008%/V 

• Load regulation typically 0.075% 

• Remote voltage sensing 

• Ripple rejection of 80 dB 

• Adjustable precision current limit 

• Output currents to 200 rnA 
• Popular voltages available without external resistors 

D2 

VSENSE 

R12 
6k 

Vc 

GND~~--~-----6----------------~----~~y---~~ 

Connection Diagram Typical Applications 
TO·S Metal Can Package 

ISENSE 

IREF 
(EXT. PROGRAMMING 

RESISTOR PIN) Order Number 
tOPVIEW 

Case is electrically isolated 

LH0075G 
LH0075CG 

See Package H12B 

Precision 1S\{ Reference Supply without Current Limit 

~--------------------~~~VOUT 

V,N 0-.... --... +------( 

"LOAD 

01 pF* 

*Needed jf device is far from filter capacitors 
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Absolute Maximum Ratings 
Inp'ut Voltage 32V 
Output Voltage 27V 
Output Current 200mA 
Power Dissipation See Curve 
Operating Temperature Range TMIN TMAX 

LH0075 -5~oC to +125°C 
LH0075C OOto+70°C 

Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics Conditions for TMIN ..; TA"; TMAX unless otherwise noted 

LH0075 LHOO75C 
Parameter Conditions Units 

Min. Typ. Max. Min. Typ. Max. 

Line Regulation TA=25°C 0.008 0.02 0.008 q.04 %/V 

Load Regulation TA = 25°C, 
1 mA < ILOAD < 200 mA 

Vour"; 5.0V . 2.5. 7.5 2.5 15 mV 

Vour ~ 5.0V 0.055 0.15 0.055 0.3 % 

Reference Current (lREF) TA = 25°C, VIN = 15 V 0.998 1.000 1.002 0.995 1.00 1.005 mA 

Load Regulation 1 mA < ILOAD < 200mA 
VOUT"; 5.0V 4.0 15 4.0 25 mV 

VOUT ~ 5.0V 0.075 0.3 0.075 0.5 % 

Reference Current, Drift VIN = 15V -0.0065 -0.0065 %/OC 
(AIREF/ATemp.) 

Minimum Load Current (lLlM) (Note 1) 98 100 102 95 100 105 ,..A 

Output Voltage Range 0 27 0 27 V 

Minimum Input Voltage 10 10 V 

Input-Output Differential TA=25°C, 3.0 3.2 3.0 3.5 V 
Voltage 1 mA < ILOAD< 200mA 

Quiescent Supply Current VIN=15V 6.0 8.0 6.5 10 mA 

Ripple Rejection . VOUT = 5.0 V, f = 120 Hz 65 65 dB 

CREF =2.2,..F 80 80 , dB 

Output Voltage' TA = 25°C, (Note 2) ±0.1 ±0.5 ±0.1 ±1.0 % 
Tolerance 

Output Voltage Change with (Note 3) 0.003 0.003 %fC 
Temperature (AVour/ATemp,) 

Note 1: Minimum load current Is established by ILlM, the current from Q4 (see schematic). ILiM goes directly to the outpufif the current 
limit feature is used. 

Note 2: For VIN =15V and VOUT obtained by using R5, R6, R7, and R12 individually. 
Note 3: Total change over specified temperature range. 

, 

I 

2-10 



Typical Performance Characteristics 

~ 
2.S 

~ 
>= : 
ill loS 

B .. 
~ o.s 

o 

0.04 

~ 0.02 

"' 2 

5 
~-D.02 .. 
!:; -0.04 

'" > 
~-D.06 

~-O.08 

-0.1 

Maximum Power Dissipation 

~ASE 

......... " r-1MBlEr0 ......... " ......... 

o ~ ~ ~ 100 gS ~o 

TEMPERATURE lOCI 

Output Voltage Change with 
Temperature (Normalized) 

I I VI~" lS'V 

I I VOUT" SV-

~ IL ::;SOmA 

I'.... I I -
........ ....!!- "20omA 

ii l"-

I I 
-SO -2S 25 50 15 tOO 125 

TEMPERATURE I CI 

w 

"' <t-... > 
~-
"'w 
>"' 
... 2 "," ~x 

~y 0 

-1 

~- 200 

"' .. u E 
",-

<t 

3 

Load Transient Response 
(Voltage Mode) 

V'N = 15V 
VOUT·5V 

CREF" 0 

1I 

20 40 

TIME /ils) 

60 

\ 

Line Transient Response 

80 

400 ,'-'-'-r-r-r-r-r-" 
~;; 300 VIN" lSV -1--11--1-1-1--1--1 
i::.! 200 VOUT = 5V 
~ CREf "0 -1--11--1-1-1--1--1 
~ e 100 f-+-+-+++-+-Ir+--1-l 
~:. l.. :::; 
~ ~ -100 1--1--+-+++--+-+-+--+--1 

-200 J:--I'-+-+-+-+-+-+-+-H 

~~ 
~w 

g ~ 0.5 1--1--1-+++--+-+-+--+--1 ..... 
"'x 
~c.I 100 200 300 400 

TIME (/-lsI 

12 

g 
w 0.8 
"' 2 

5 0.4 ... 
2 
W .. .. 
'" u 

u -OA 
2 .. 

~D.8 w 
w .. 

-1.2 

Reference Current Change with 
Temperature (Normalized) 

VIN'" 15V 

........ 
r-.... 

......... 
t-- ~EFERENCE ....... 

CURRENT ....... 
......... 

I 
-50 -25 25 50 15 100 125 

260 

... 220 
2 

'" 
180 

B~ 140 

r 100 

60 

20 .. 
'" l<; SO 
~":'7 2S O:::.:.! 

'" 
~ 

TEMPERATURE I"CI 

Current Limit 

..... 
......... 

.......... 
......... 1'-, 

~ 

'" 
50 75 100125 

TEMPERATURE I CI 

Load Transient Response 
(Current Mode) 

VIN ~ lSV 
'OUT" tOO inA, MAX' 
CREF::; 0 

'\ 
j 

- --
- ,-,. 

20 60 80 

Line Transient Response 
2000 r-"-"-"T""~-r-r-.--r--'--' 

~~ lS00 

~~ lOGO 

VIN = 15V 
VOUT" SV 
CREF " 2.2 "Fd -+-+--+--+--+--1 

~ ~ 500 I-t--+-+++--+--t-+--+--I 
e: ~ 0 t-""+-+++-+~rl-f-t 
g Q -500 1-+-+-+++--+-+-+--+--1 

~~ 
~w 

~ ~ 0.5 I--I--+-+++--+-t-+-+-; ..... 
~ ~ 0 100 200 300 400 

TIME I~s) 

2-11 

~ 
w 

"' 2 

5 
"' 
~ 
> ... 
'" ... 
'" 0 

~ ... 
'" 0 
> 
I 
2 

:> 

-
2 

'" 
~ ... 
w 

"' 

g 

2 

" " ~ 
i!! ... 
'" 
~ 

Temperature Stability 
1.2 

0.8 
Vm"15V 

OA 
RINTERNAL f-"'"" 

...... /' 
....... /" 
/" ........ 

-0.4 

-0.8 

/" .......... 
V REXIERNi~ 

~ 

-1.2 I 
-50 -25 25 50 15 100125 

TEMPERATURE I"CI 

Input-Output Differential 
Voltage 

3.6 

3.4 

3.2 
1\ 

3.0 ." IOUT"'200mA 

2.8 IOUrl00lmA 

2.6 I I 
-50 -25 25 50 75 100 125 

TEMPERATURE I'C) 

Ripple Rejection 
100 

I-- CRiF" 2.2}Fd 

80 

60 

V I 
....... 

r". f--

'\ ! . 
CREF = 0 

40 

20 

VIN=15V " ......... lOUT = 200 rnA 
Vour" JOV ......... 
TJ" 2S C 

o 
10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

Output Impedance 
103 

102 
VIN; ISV 

Vour= 5V 

101 

100 

IIrl 

10-2 

Il"1DOmA 

1/ 
V 

V 
I--V 

10-3 
10 100 lk 10k lOOk 1M. 10M 

FREOUENCY (Hz) 

.
::J: 
o o -.... 
CJ1 



Typical Applications (Cont'd) 

2A Regulator with Current Limit 

r--.... ----------------------~ .. _oVOUT 

RLIMIT 

VINo-... - .... +--+--~I---( 

RLDAO 

Variable Voltage Reference with Current Limit 

RSENSE 
I TO IOn 

VINo-... _~~ ..... -+--__I 

*Needed if device is far from filter capacitors 
**Optional-improves transient response 

RlDAO 

RpROG = VOUT Oesired 

I rnA 
[ RLIMIT ~ IOUT(MAXI = --- + I x 1DOilA 
RSENSE 

Applications Information 

The LH0075 does not require capacitors for stable 
operation, but a'n input bypass is recommended if device 

2-12 

IOUT';;;2DD mA 

is far from filter capacitors. A 0.1 JlF for input bypassing 
should be adequate for almost all applications. 



Applications Information (Cont'd) 

DESCRIPTION OF OPTIONS 

Ripple Rejection Compensation. (Increases Ripple Re
jection Typically to 80 dB) 

The ripple rejection may be improved by connecting an 
external capacitor between pin 9 and ground. (The 
typical performance curves show the rejection with a 
capacitance of 2.2 J1Fd.) 

Internal Voltage Programming 

The LH0075 provides various precision output voltages 
simply by using one or more of the internal resistors. 
A particular voltage may be obtained by external con
nections as shown in Table I. 

RS, R6, R7 and R 12 are 
precision-trimmed to 0.1 %. 

FIGURE 1 

External Voltage Programming 

An external .resistance can be connected between pin 9 
and ground to obtain any voltage from 0 to 27V using 
the following equation: 

VOUT Desired 
REXT= ----

lmA 

The reference current (I REF) has a typical temperature 
coefficient of -65 ppmfC. Choosing a resistive material 
with a temperature coefficient of 65 ppmfC will com· 
pensate the negative temperature coefficient, resulting 
in an output voltage with minimal change over the 
operating temperature range. Example of a good resistive • 
material is Nichrome, which has a typical temperature 
coefficient of 80 ppmfC. 

Since a current source is used as a reference, this makes 
remote voltage programming possible. 

Current Limit Programming 

The maximum current output of the device may be 
limited by adding two external resistors as shown below. 
The resistor values are easily calculated with the 
following equation: 

IOUT(MAX) = --- + 1 x 100J,lA [
RUMIT J 
RSENSE 

where RSENSE = 1 to 10n 

RSENSE 

VIN O-++-+---{ 

FIGURE 2. Current Limit Programming 

This programmable current limitfeature can be extended 
to make the LH0075 a programmable constant current 
source. This can be done by leaving pin 9 open and 
setting RUMIT and RSENSE as desired. 

For applications where the current limit is used, a 
minimum load current of 100 J1A is established at the 
output. This arises from the fact that the constant 
current used in setting maximum output current is 
100 J1A, and it goes directly to the output of the 
LH0075. If the total current drawn from the output is 
less than the minimum, the output will rise. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. RSENSE must 
be placed as close to .the output of the LH0075 as possi
ble, but RUMIT can be a fixed resistor or potentiometer 
located remotely from the device. 

TABLE I. Connection Scheme for Internal Available Output Voltages 

OUTPUT 
PIN 5 PIN 6 PIN 7 PIN 8 PIN 9 

VOLTAGE (V) 

5 Gnd 

6 

8 

10 Gnd 

12 Gnd 

15 Gnd 

18 
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LHOO76 Negative Precision Programmable Regulator 
General Description 
The LH0076 is a precision programmable regulator for 
negative voltages. Regulated output -voltages from 0 to 
-27V may be obtained by using 1 external resistor. 
Also available without any external components are 
several fixed regulated voltages with accuracies to 0.1% 
(-3V, -5V, -6V, -8V, -9V, -12V, -15V and -18V). 
The output current limit is adjustable from 0 to 200 mA 
using 2 external resistors. These features provide an 
inventory of precision regulated values in 1 package. 

Schematic Diagram .. 
" 

Features 
• Line regulation typically 0.005%/V 
• Load regulation typically 0.02% 

• Remote voltage sensing 
• Ripple rejection-70 dB 

• Output Adjustable to OV 
• Adjustable precision current limit 

• Output current to 200 mA 

GNDo---~~----'------------1~--------~~----------O 

., 

21 

, 

-LCREF 
,(EXTERNAl! 

I A 

,I 
I 
L_I~_ 

R' 
6k , 

02 

... ----------------------0 VSENSE 

0" 
RUMIT 

'SENSE 

.1< 

.10 

., 
V-o-~~~ ____________ ~~----------------------~ 

Connection Diagram Typical Application 

v, 

" 

Metal Can Package Precision - 15V Reference Supply without Current Limit 

Order Number 
LH0076G 

LH0076CG 
See Package H12B 

Case is electrically isolated 

VSENSE 

TOPVI~W 
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RlOAD 

}----+~>_() -VDUT 

*Recommended if device is far from filter capacitors 



Absolute Maximum Ratings 
Input Voltage -32V 
Output Voltage -27 V 
Output Current 200mA 
Power Dissipation See Curve 
Operating Temperature Range 

LH0076 -55°C to +125°C 
LH0076C -25°C to +85°C 

Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics Conditions are for TMIN " TA " TMAX unless otherwise noted 

LHOO76 LHOO76C 
Parameter Conditions Units 

Min. Typ. Max. Min. Typ. Max. 

Line Regulation TA = 25°C 0.005 0.02 0.005 0.04 %IV 

Load Regulation TA=25°C, 
1 mA < ILOAD < 200mA 

Your ~ -5.0V 7.5 15 mV 

Vour" -5.0V 0.02 0.15 0.02 0.3 % 

Reference Current (IREF) TA=25°C, VIN =-15V 0.998 1.000 1.002 0.995 1.000 1.005 mA 

Reference Current Drift VIN.=-15V -0.0065 -0.0065 %/OC 
(AIREF/ATemp.) 

Minimum Load Current ((LIM) (Note 1) 98 100 102 95 100 105 ,.A 

, Output Voltage Range 0 -27 0 -27 V 

Minimum Input Voltage -10 -10 V 

Input·Output Differential TA = 25°C, 2.7 3.2 2.7 3.5 V 
Voltage 1 mA < ILOAD < 200mA 

Quiescent Supply Current VIN =-15V 11 15 11 15 mA 

Ripple Rejection VOUT=-5.0V, f=120Hz 70 70 dB 

Output Voltage TA = 25°C, (Note 2) ±0.1 ±0.5 ±0.1 ±1.0 % 
Tolerance 

Output.Voltage Change with (Note 3) 0~003 0.003 %/OC 
Temperature (AVour/ATemp.) 

Note 1: Minimum load current is established by ILlM, the current to Q2 (see schematic). ILIM draws directly from the output if the cur· 
rent limit feature Is used. 
Note 2: For VIN = -15 V and Your obtained by using R4, RS, R6, and RS Individually. 
Note 3: Total change over specified temperature range. 
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Typical Performance Characteristics 
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Typical Application (Continued) 

Variable Voltage Reference with Current Limit 

+ 
0.1 J.lF* 

RSENSE 

-VINo--+--++-t 

2-Amp Regulator with Current Limit 

RSENSE 

0.1 JJ.F* 

VINo-.... --+ .... -{ 

*Recommended if device is far from filter capacitors 

Application Information 

The LH0076 does not require external capacitors for 
stable operation. However, an input bypass is recom
mended if the device is far from filter capacitors. A 
0.1 J.lF for input bypassing should be adequate ,for 
most applications. 

DESCRIPTION OF OPTIONS 

External Voltage Programming 

An external resistance can be connected between pin 10 
and ground to obtain any voltage from 0 to -27V using 
the following equation: 

. VOUT desired 
REXT= 

-lmA 

The reference current (lREF) has a typical temperature 
coefficient of -60 ppm!" C. Choosing a resistive material 
with a temperature coefficient of 60 ppmfC will com
pensate the negative tempco of the reference current, 
resulting in an output voltage with minimal change over 
the operating temperature range. Example of a good 
resistive material is nichrome, which has a typical 
tempco of 80 ppmfC. Nichrome is the resistive material 
used in the LH0076, resulting in output voltage drift 

. of 20 ppmfC·typically. 

2-17 
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Application Information (Continued) 

Because a current source is used as a reference, remote 
voltage programming is possible. 

Internal Voltage Programming 

The LH0076 provides various precision output voltages 
simply by using 1 or more of the internal programming 
resistors. These voltages may be obtained by using the 
connections as shown in Table I. 

RTOTAL is the total resistance between pin 10 and ground 

11 

10 

~ r 
1 

t 'REFERENCE· 1 mA 

R4, R5, RS and RS are precision trimmed to 0.1% 

FIGURE 1 

Current Limit Programming 

The maximum current output of the device may be 
limited by adding 2 external resistors as shown in 

RSEHSE 
.-------t-'WHp-O VOUT 

RUMIT 

FIGURE 2. Current Limit Programming 

For applications where the cu rrent lim it is used, a 
minimum load current of 100 J.lA is established at the 
output. This arises from the fact that the constant 
current used in setting maximum output current is 
100 J.lA, and it comes directly from the output of the 
LH0076. If the total load current is less than this mini· 
mum current, the output will drop. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. RSENSE 
should be placed as close to the output of the LH0076 
as possible, but RLiMIT can be a resistor or potentio· 
meter located remotely from the device. 

RSENSE 

r--------1P-'WW""""1~~--O 'OUT 

Figure 2. The resistor values are calculated using the -v,. 
following equation: 

'OUT(MAX) = --- + 1 x 100J.lA ~RLlMIT ~ 
RSENSE 

where RSENSI; = 1 to 10n 

This programming current limit feature can be extended 
to make the LH0076 a programmable current sink. This 
can' be done by leaving pin 10 open and setting RLiMIT 
and RSENSE as desired. (See Figure 3). FIGURE 3. Precision CUrrent Sink 

TABLE I. ConnectIon Scheme for Internally Available Output Voltages 

OUTPUT 
PIN 1 PIN 2 PIN 7 PIN 10 PIN 11. 

VOLTAGE (VI 

-3 Gnd 

5 

6 Gnd 
8 

9 Gnd 

-12 Gnd 

15 Gnd 

-18 Gnd 



~National 
~ Semiconductor 

LM103· Reference Diode ** 

General Description 
The LM103 is a two-terminal monolithic reference 
diode electrically equivalent to a breakdown diode_ 
The device makes use of the reverse punch-through 
of double-diffused transistors, combined with ac
tive circuitry, to produce a breakdown character
istic which is ten times sharper than single-junction 
zener diodes at low voltages_ Breakdown voltages 
from 1_8V to 5_6V are available; and, although the 
design is oPtimized for operation between 100 /lA 
and 1 mA, it is completely specified from 10 /lA to 
10 mA_ Noteworthy features of the device are: 

.• Exceptionally sharp breakdown 

• Low dynamic impedance from 10 /lA to 10 mA 

Voltage References 

• Performance guaranteed over full military tem
perature range 

• Planar, passivated junctions for stable operation 

• Low capacitance_ 

The LM 1 03, packaged in a hermetically sealed, 
modified TO-46 header is useful in a wide range of 
circuit applications from level shifting to simple 
voltage regulation_ It can also be employed with 
operational amplifiers in producing breakpoints to 
generate nonlinear transfer functions_ Finally, its 
unique characteristics recommend it as a reference 
element in low voltage power supplies with input 
voltages down to 4V_ 

Schematic and Connection Diagrams 

AI 

'" 

Typical Applications 

Saturating Servo Preamplifier 
with Rate Feedback 

" JOpF 

DUTPUT 

**Covered by U.s_ Patent Number 3,571,630 

+ 

" 10K 

D1 
1I1111J 
33' 

2-19 

Metal Can PackagE!, 

Note: PJn 2 toJlIJected to taSi. 

TOP VIEW 

Order Number LM103H 
See NS Package H02A 

200 mA Positive Regulator 

.-----___ ..... _ .... _~>-_ V, .. >~5V 

Q2 

lN19&4 

" 22. .. , 
'50 .. 

"'--1--- VDU"~V 

IS.IICI101' ml''''"um 
""" ... lu .. dn'I, oI __ rv 

r-s: ...... 
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(t) 
o ,-. 
:E 
..J Absolute Maximum Ratings 

Power Dissipation (note 1) 
Reverse Current 
Forward Current 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soidering, 60 sec) 

250mW 
20mA 

100mA 
-55°C to 125°C 
-65°C to 150°C 

300°C 

Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS 

Reverse Breakdown Voltage Change 10 !LA::; IR ::; 100 !LA 

100/lA::;IR ::;1 mA 

1 mA::;IR::;10mA 

Reverse Dynamic Impedance (Note 3) IR= 3mA 

IR = 0.3 mA 

Reverse Leakage Current VR = Vz -0.2V 

Forward Voltage Drop IF = 10 rnA 

Peak-to-Peak Broadband Noise Voltage 10 Hz::;f::;'100 kHz, IR = 1 mA 

Reverse Breakdown Voltage Change 10/lA::;IR ::; 100MA 
with Current (Note 4) 

100/lA::;IR ::; 1 mA , 

1 rnA::;I R ::;10mA 

Breakdown Voltage Temperature 
Coefficient (Note 4) 100!LA~IR~ 1 mA 

MIN TYP MAX UNIT 

60 120 mV 

15 50 mV 

50 150 mV 

5 25 .n 
i5 60 .n 

2 5 !LA 

0.7 O.B 1.0 V 

300 !LV 

200 mV 

60 mV 

! 200 mV 

-5.0 mVfC 

Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature 
and a thermal resistanca of BO°CIW junction to case or 440° C/W junction to ambient (see curve). 
Note 2: These specifications apply for TA = 25°C and I.BV < Vz < 5.SV unless stated otherwise. The diode should not be oper
ated with shunt capacitances between 100 pF and 0.01 ~F. unless isolated by at least a 300n resistor, as,it may oscillate at some 
currents. For voltages between 4.3V and 5.6V, the maximum shunt capacitance is 50 pF rather than 100 pF. 
Note 3: Measured with the peak-to peak change of reverse current equal to 10% of the DC reverse current. 
Note 4: These specifications apply for-65"C < TA < +12SoC. 

2-20 
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Guaranteed Reverse Characteristics 
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01 10 10 

REVERSE CURRENT (mAl 

Typical Performance Characteristics 
Reverse Characteristics 

LM103·3.o I I 

I I 
I I 

I 

I I . 
k 

, 
'_55°C 

12SOC -' 1,' , 
10-8 

25°C 1 
o 

REVERSE VOLTAGE (VI 

Forward Characteristics 

1.5 
2.4V::;'V z<5.6V 

1.0 T. 0 ~!J,c ~ 

,.. TA " 25°C 

0.5 Ir,012i;'C 

0 
001 0.1 10 10 100 

FORWARD CURRENT (mA) 

Reverse Dynamic Impedance 

10K , 11f~LJ.t 
~ IK \ TA, "-55°C 

\.1 
TA ,,2SoC 

z 

~ 
~ 100 

~ ,.1,,"125°C 
,. 
;; 
i; 10 

1 
0.01 0.1 1.0 

ll1r 
10 

REveRSE CURRENT (mAl 

Response Time 

12 

10 
INPUT 

~.",", , 
-I- -:l!'!PUT-

" 

4 • 10 

TIOEI.o> 

BREAKDOWN PART 
VOLTAGE* NUMBER 

1.8 LM103H·1.8 
2.0 LM103H-2.0 
2.2 LM103H·2.2 
2.4 LM103H-2.4 
2.7 LM103H-2.7 
3.0 LM103H-3.0 
3.3 LM103H-3.3 
3.6 LM103H-3.6 
3.9 LM103H-3.9 
4.3 LM103H·4.3 
4.7 LM103H-4.7 
5.1 LM103H·5.1 
5.6 LM103H·5.6 
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~National 
~ Semiconductor 

Voltage References 

LM1131LM313 Reference Diode 
General Description 
The LMl13/LM313 are temperature compensated, 
low voltage reference diodes. They feature ex· 
tremely·tight regulation over a wide range of 
operating currents in addition to an unusually·low 
breakdown voltage and good temperature stability. 

The diodes' are synthesized using transistors and 
resistors in a monolithic integrated circuit. As such, 
they have the same low noise and long term 
stability as modern IC op amps. Further, output 
voltage of the reference depends only on highly· 
predictable properties of components in the IC; 
so they can be manufactured and supplied to tight 
tolerances. Outstanding features include: 

• Low breakdown voltage: 1.220V 

• Dynamic impedance of 0.3D from 500llA to 
20mA 

• Temperature stability typically 1 % over -55~C 
to 125°C range (LMl13), O°C to 70°C (LM313) 

• Tight tolerance: ±5% standard, ±2% and ±1 % 
on special order. 

The characteristics of this reference recommend it 
for use in bias·regulation circuitry, in low·voltage 
power supplies or in battery powered equipment. 
The fact that the breakdown voltage is equal to a 
physical property of silicon-the energy·band·gap 
VOltage-makes it useful for many temperature· 
compensation and temperature·measurement 
functions . 

Schematic and Connection Diagrams 

., 
zoo 

" UK 

., 

., 
'" 

Typical Applications 
Level Detector for Photodiode 

...--------<1>--.... - .sv 

D1 
LM313 

12. 

.. 
OK 

TTL 
OUTPUT 

2·22 

Metal Can Package 

NDta:Pin2connectedtocase. 
TOP VIEW 

Order Number LM113H or LM313H 
See NS Package H02A 

Low Voltage Regulator 

D1 
lIIlJl3 
uv 

., 
ZH31n RI 

" 39' 

.20 

., 
2NZ905 

... WH--'---......... ~VOUT -zv 
• 3 

IUK 
1% 

•• UK 
1% 

CIt 

I" 

fSolidtantalum. 



Absolute Maximum Ratings Operating Conditions 

Power Dissipation (Note 1) 

Reverse Current 
Forward Current 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

PARAMETER 

Reverse Breakdown Voltage 
LMl13/LM313 
LMl13-1 
LMl13-2 

Reverse Breakdown Voltage 
Change 

Reverse Dynamic Impedance 

Forward Voltage Drop 

RMS Noise Voltage 
I 

Reverse Breakdown Voltage 
Change with Current 

Breakdown Voltage Temperature 
Coefficient 

100mW 
SOmA 
SOmA 

--ilS·C to +IS0·C 
300·C 

Temperature (T A), 
LM113 
,LM313 

(Note 2) 

CONDITIONS MIN 

IR = 1 mA 
1.160 
1.210 
1.195 

0.5 mA:<::; IR :<::; 20 mA 

IR = 1 mA 
IR = 10mA 

IF = 1.0mA 

10 HZ:<::;f:<::; 10kHz 
IR = 1 mA 

0.5 mA:<::; IR :<::; 10 mA 

TMIN :<::;TA :<::;TMAX 

1.0 mA :<::; I R :<::; 10 mA 
TMIN :<::;TA :<::;TMAX 

TYP 

1.220 
1.22 
1.22 

6.0 

0.2 
0.25 

0.67 

5 

0.01 

MIN 

-5S 
o 

MAX 

+12S 
70 

MAX 

1.280 
1.232 
1.245 

15 

1.0 
O.B 

1.0 

15 

UNITS 

·C 
·C 

UNITS 

V 
V 
V 

mV 

n 
n 

V 

/lV 

mV 

%tc 

Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C 
maximum junction and a thermal resistance of 800 C/W junction to case or 4400 C/W jU,nction to 
ambient. 

Note 2: These specifications apply for T A = 2SoC, unless stated otherwise. At high currents, 
breakdown voltage should be measured with lead lengths less than 1/4 inch. Kelvin contact sockets are 
also recommended. The diode should not be operated with shunt capacitances between 200 pF and 
0.1 J.l.F, unless isolated by at least a 100.0. resistor, as it may oscillate at some currents. 

Typical Performance Characteristics 

Temperature Drift 

~ 1.230 I-+-++-+----j-+-++-l 
w 

'" " !:; 
~ 1.220 I-+-±. .... -+---ir-+-+--+-..;l 
~ .,' 
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::! 1210 I-+-++-+-I'-+-+-+--i 

1.200 '--'--'--'---'--''-'--'--'--' 
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TEMPERATURE (OCI 

Reverse Dynamic Impedance 
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w 
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~ 
~ 
~ "n u ./ ~ 0.2 
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Reverse Characteristics 
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Typical Performance Characteristics (Continued) 

Reverse Characteristics 
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Forward Characteristics 
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Typical Applications (Continued) 

+15V 

130K 130K 
1% ,% 

OUTPUT 

INPUTS 

I-~~---"v 

Reverse Dynamic Impedance 

IR"'5mA 
TA -25'C 

'" 

I-" 

100 lk lDk lOOk 1M 

FREQUENCY (Hz! 

Response Time· 

~ 

o 

OUTPUT_ 
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I 
12 

TIME (.,1 
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16 20 
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~ 50 t1111I"~I:+t11l:1l 
40 HtHfIt-JHtfIlll--tffttfl'l-tt 

100 lk 10k 

FREQUENCY IHzI 

lOOk 

Maximum Shunt Capacitance 
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~National 
~ Semiconductor 

Voltage References 

LM129/LM329 Precision Reference 
General Description ' 

. The LM129 and LM329 family are precIsion multi
current temperature compensated 6.9V zener references 
with dynamic impedances a factor of 10 to 100 less than 
discrete diodes. Constructed in a single silicon chip, the 
LM129 uses active circuitry to buffer the internal zener 
allowing the device to operate over a 0.5 mA to 15 mA 
range with virtually no change in performance. The 
LM129 and LM329 are available with selected tempera
ture coefficients of 0.001, 0.002, 0.005 and o.ol%fc. 
These new references also have excellent long term 
stability and low noise. 

A new subsurface breakdown zener used in the LM129 
gives lower noise and better long term stability than 
conventional IC zeners. Further the zener and tempera
ture compensating transistor are made by· a planar 
process so they are immune to problems that plague 
ordinary zeners. For example, there is virtually no 
voltage shifts in zener voltage due to temperature cycling 
and the device is insensitive to stress on the leads. 

The LM129 can be used in place of conventional zeners 
with improved performance. The low dynamic impedance 

Typical Applications 

VIN 
35V 

Low Cost 0-2SV Regulator 

1--4~--VDUT 

510 

150 

-IOV 

LMI29 
B.9V 

simplifies biasing and the wide operating current allows 
the replacement of many zener types. 

The LM 129 is packaged in a 2-lead T0-46 package and is 
rated for operation 'over a -55°C to +125°C temperature 
range. The LM329 for operation over O-lOoC is availa
ble in both a hermetic T0-46 package and a TO-92 
epoxy package. 

Features 

15V 

1.5k 

2-25 

• 0.6 mA to 15 mA operating current 
• 0.6[1. dynamic impedance at any current 
• Available with temperature coefficients of O.OOl%/oC 

• lp.V wide band noise 
• 5% initial tolerance 
• 0.002% long term stabiUty 

• Low cost 
• Subsurface zener 

Simple Reference 

9V TO 40V 

HS 

LMI29 
6.9V 

Adjustable Bipolar Output Reference 

SDk 

50k}>< ..... --....:.j 
10 TURN 
OUTPUT 
ADJUST 

SDk 

+15V 

-15V 30 pF 

OUTPUT 
J:~~-_6.9 '$; VOUT :$; 6.9 
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Absolute Maximum Ratings 

Reverse Breakdown Current 30mA 
Forward Current 2mA 
Operating Temperature Range 

LM129 -55°C to +125°C 
LM329 O°C to +70°C 

Storage Temperature Range -55°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS 
LM129A, B,C LM329B,C, D 

UNITS 
MIN TYP MAX MIN TYP MAX 

Reverse Breakdown Voltage TA = 25°C, 

0.6 mA ~ I A ~ 15 mA 6.7 6.9 7.2 6.6 6.9 7.25 V 

Reverse Breakdown Change TA = 25°C, 

with Current 0.6 mA ~ IA ~ 15 mA 9 14 9 20 mV 

Reverse Dynamic Impedance TA = 25°C, IA = 1 mA 0.6 1 0.8 2 n 

RMS Noise T A = 25°C, 

10Hz~F~10kHz 7 20 7 100 p.V 

Long Term 'Stability T A = 45°C ±O.l°C, 

IA'= 1 mA ±0.3% 20 20 ppm 

Temperature Coefficient IA = 1 mA 

LM129A, LM329A 6 10 6 10 ppmioC 

LM129B, LM329B 15 20 15 20 ppmfC 

LM129C, LM329C 30 50 30 50 ppmtC 

LM329D 50 100 ppm/DC 

Change In Reverse Breakdown 1 mA ~ I A ~ 15 mA 1 1 ppmtC 

Temperature Coefficient 

Reverse Breakdown Change 1 mA ~ IA ~ 15 mA 12 12 mV 

with Current 

Reverse Dynamic Impedance 1 mA ~ I A ~ 15 mA 0.8 1 n 

Note 1 :These specifications apply for -55°C $. TA $. +125°C for the LM129 and O°C $. TA $. +70"C for the LM329 unless otherWise specified. The 
maximum junction temperatur.e for an LM129 is 150'C and LM329 is 100'C. For operating at elevated temperature, devices in T046 package 
must be derated based on a thermal resistance of 440'C/W junction to ambient or 80"C/W junction to case. For, the TO-92 package, the dereting 
is based on 180°C/W junction to ambient with 0.4" leads from a PC board and 160'C/W junction to ambient with 0.125" lead length to a PC 
board. 
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Typical Applications (Continued) 

OV to 20V Power Reference 

25VT040V'-... ----------------... -------....., 

LM129 
6.BV 

6k 

5k 
20k >· ..... -'l.M".... .... -'l.M.,.....-I--"'I 

LM195k 

M 
MYlAR "'--+--+-.J<W\r---"'- ~~TO 20V 

-5V 

Reference External Reference for Temperature Transducer 

30pF 

10k 

2k 

OJ 
6.JV 

2.6k 

~------~.---~----------~----------------e_--_i2 -
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Typical Applications (Continued) 

Positive Current Source 

10vro 40V'-.. ---1t-------.. -------. 

lM129 
6.9V 

20k 
0.1% 

350 
0.1% 

10k 

2N2219 

Buffered Reference with Single Supply 

+15V-.. --------.., 

/ 

lM129 
6.9V 

Connection Diagrams 

Metal Can Package 

BOTTOM VIEW 

Order Number LM129AH. LM129BH 
LMI29!=H. LM329AH.: LM329BH. LM329CH 

or LM329DH 
See NS Package H02A 

9k 

2·28 

>~~-10V 

. Plastic Package 

BOTTOM VIEW 

Order Number LM329BZ. LM329CZ 
or LM329DZ 

See NS Package Z03A 



Typical Performance Characteristics 
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Rospome Time 

DUTPUT 

I Tj'~5"C- ,---
/..-- r--

/ 1 '" r--
0 

ZO I_G"' r-----,---
10 INPUT-r--
0 

1 DO ZOD JOO 400 

TIME (",1 

Dynamic Impedance 
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~National 
~ Semiconductor 

Voltage References 

LM136/LM236/LM336 2.SV Reference Diode 
General Description 
The LM136/LM236 and LM336 integrated circuits are 
precision 2.5V shunt regulator diodes. These monolithic 
Ie voltage references operate as a low temperature 
coefficient 2.5V zener with 0'.2n dynamic impedance. 
A third terminal on the LM136 allows the reference 
voltage and temperature coefficient to be trimmed easily. 

The LM 136 series is useful as a precision 2.5V low voltage 
reference for digital voltmeters, power supplies or op 
amp circuitry. The 2.5V make it convenient to obtain 
a stable reference from 5V logic supplies. Fur-ther, since 
the LM136 operates as a shunt regulator, it can be used 
as either a positive or negative voltage reference. 

The LM136 is rated for operation over -55°e to +125°e 
while the LM236 is rated over a -25°e to +85°e 

Schematic Diagram 

temperature range. Both are packaged in a TO-46 package. 
The LM336 is rated for operation over a 0.° e to +70.° e 
temperature range and is available in either a three lead 
TO-46 package or a TO·92 plastic package. 

Features 
• Low temperature coefficient 
• Wide operating current of 30.0. IJ.A to 10. mA 
• 0..2n dynamic impedance 
• ±1% initial tolerance available 
• Guaranteed temperature stability 
• Easily trimmed for minimum temperature drift 

• Fast turn-on , 
• Three lead transistor package 

r---------------~-----------t-1~--_.------------------t__.------+ 

.5 
14k ., 

14k .7 
&.611 

.1& 

•• , .. 
ADJ 

.0 
" . 

. " &.Ik 

.z .3 

" 1.111 

Typical Applications 
2.5V Referenco 2.5V Reference with Minimum Temperature Coefficient Wide Input Range Reference 

5V 

YIN 3.S-40V 

,v .... 

t.." 2,5\1 

. _ LM'" 

IN451* 

1-~~--VOUT·Z.5V 

IN457'" 

t Adjust to 2.490V 

* Any silicon signal diode 
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Absolute Maximum Rati!l9S 

Reverse Current 
Forward Current 
Storage Temperature 
Operating Temperature 

LM136 
LM236 
LM336 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 1) 

15mA 
10mA 

-£0° C to +150° C 

-55°C to +150°C 
-25°C to +85°C 

O°C to +70°C 
300°C 

PARAMETER CONDITIONS 

LM136A/LM236A 
LM136/LM236 

MIN TVP MAX 

Reverse Breakdown Voltage 

MIN 

LM336B 
LM336 

TYP MAX 

TA: 25°C, fR: 1 mA 

LM 136/LM236/LM336 2.440 2.490 2.540 2.390 2.490 2.590 

Reverse Breakdown Change 

With Current 

Reverse Dynamic Impedance 

Temperature Stability 

Reverse Breakdown Change 

With Current 

Reverse Dynamic f mpedance 

Long Term Stability 

LM 136A/LM236A, LM336B 

TA:25°C, 

400/lA-:; IR -:; 10mA 

TA: 25°C, IR: 1 mA 

V R Adjusted to 2.490V 

IR: 1 mA, (Figure 2) 

oDe -:; TA -:; 70°C (LM3361 

-25° C ::; T A -:; +8SoC (LM236) 

-55°C -:; TA -:; +12SoC (LMI36) 

400/lA-:; fR -:; 10 mA 

fR: 1 mA 

T A: 25°C ±0.1 DC, f R: 1 mA 

2.465 2.490 2.515 2.440 2.490 2.540 

2.6 

0.2 

3.5 

12 

3 

0.4 

20 

6 

0.6 

9 

18 

10 

2.6 10 

0.2 1 

1.8 6 

3 12 

0.4 1.4 

20 

UNITS 

V 

V 

mV 

n 

mV 

mV 

mV 

mV 

n 
ppm 

Note 1: Unless otherwise specified, the LM136 is specified from -5S'C:O; T A:O; +125'C, the LM236 from -25'C :0; T A :0; +85'C and the LM336 
from O'C :0; TA :0; +70'C. The maximum junction temperature of the LM136 is 150'C, LM236 is 125'C and the LM336 is 100'C. For elevated 
junction temperature, devices in the T0-46 package should be derated based on a thermal resistance of 440Q C/W junction to ambient or 80°C/W 
junction to case. For the TO-92 package, the derating is based on 180°C/W junction to ambient with 0.4" leads from a PC board and 160°C/W 
junction to ambient with 0.125" lead length to a PC board. . 

Typical Performance Characteristics 

Reverse Voltage Change Zener Noise Voltage Dynamic Impedance 
3.5 ZSO 1~0 

;; IR'" mA IR "1 mA .s 3.0 Ti~ZSoc -
~ Ti ~ lZS'C ~ _\ 
'" 200 .. 2.5 \ .. 

V @ 10 5 /, \ ~ 2 ~ TI;:125°CI~ 
'" ~/=-55"C ~ .. 

~ 
150 

" !:; 1.5 ~ 
C> g I c W > z 1 
~ 1.0 Tj~25°C_ 
~ 

V 100 Tj ~ -55"C a: I ~ 0.5 1L Tj~25"C-
0 50 0.1 

0 2 4 6 8 10 10 100 lk 10k lOOk 10 100 lk 10k lOOk 

REVERSE CURRENT ImAl FREQUENCY 1Hz! FREQUENCY IHd 
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Typical Performance' Characteristics (Continued) 
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I I I I I 
3 t-t-.t-I-';;O::CUT::P"'UT:--+--+Ti· 25"C 

2r-~r 
f--- 2'" 

1 r--'"I" a. 
t-f- I ~ ~ 'TT --+-+-+-1 

o r-' f-~ . I i I I-P-"I-+-f 

: ~~~~1:1 [I:::IN~PU:=:Tt 1:ltj:~:::~j 
I I II I 

4 

TIMEJ ... I 

6 8 

Application Hints 

Reverse Characteristics 

~EVERSE VOLTAGE (VI 

Temperature Drift 
2.590 

2.510 
2.550 -,-

~ 2.530 I--<f;::::::±...I-f-+-+-++-l 
::1 2.510 ~r- -
~ 2.490 F: __ ':::;I;-+-I-I-+-...... r-=I--_-1 
~ :::~: ~:~:+:4::~:!:;t:~r-:~~ ....... ~ 
~ 2.430 FI-"*~"'*=!-l-k::J.::-=!I-:::"j-...j 
'" 2.410 FF=t=:::p.-I-..J:::-f===l-kl 

2.390 IR' 1 mA +-+-+-r-4 ""1 ..... 1c-...... -I 
2.310 '-'--.L.-..L.-L....L-l.--'_L.....:1 

-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (OCI 

Forward Characteristics 

1.2 ,--,.---,--,.----, 

1.0 .I 
~ .... V.L 
~ 0.8 

> 0.6 ~_-Ti-.-+-5-.-·~- .......... V / 

I 0.4~ /V 
~ 0.2 l<;:::C-f---_ II 

0'----'--_--'-_-'--'--' 
0.001 0.01 0.1 1 10 

FORWARD CURRENT (mAl 

The LM136 series voltage references are much easier to 
use than ordinary zener diodes. Their low impedance 
and wide operating current range simpl ify biasing in 
almost any circuit. Further, either the breakdown volt
age or the temperature coefficient can be adjusted to 
optimize circuit performance. 

adjust for both the initial device tolerance and inac
curacies in buffer circuitry. 

If minimum temperature coefficient is desired, two 
diodes can be added in series with the adjustment po
tentiometer as shown in Figure 2. When the device is 
adjusted to 2.490V the temperature coefficient is mini
mized. Almost any silicon signal diode can be used for 
this purpose such'as a 1N914, 1N4148 or a 1N457. For 
proper temperature compensation the diodes should be 
in the same thermal environment as the LM136. It is 
usually sufficient to mount the diodes near the LM 136 
on the printed circuit board. The absolute resistance of 
R 1 is not critical and any value from 2k to 20k will work. 

Figure 1 shows an LM 136 with a i Ok potentiometer 
for adjusting the reverse breakdown voltage. With the 
addition of Rl the breakdown voltage can be adjusted 
without affecting the temperature coefficient of the 
device. The adjustment range is usually sufficient to 

y+ 

• RS 

FIGURE 1. LM136 With Pot for Adjustment of 
Breakdown Voltage I 

FIGURE 2. Temperature Coefficient Adjustment 
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Typical Applications IContinued) 

Low Cost 2 Amp Switching Regulator t 

VIN 
6V TO 2UV -+--e----..;;,.. r--~~~----------~._~~*~L~lV.~Q----~--VOUT 5V 

2k 

390 620 

600"H 

VARO 
VSK3JO 

*L1 60 turns #16 wire on Arnold Core A-254168-2 

t Efficiency ~ 80% 

Precision Power Rugulator with Low Temperature Coefficient 

5V Crowbar 

V'------~r----~-------

SENSITIVE GATE 
SCR 

r-----~-------~~-VOUT 

IN457 

Rl 
375 

R2 
2k 

bun;.J. 
* Adjust for 3_75V across R 1 

ADJUST = 

2-33 

Trimmed 2.5V Reference with Temperature 
Coefficient Indt!pendent of Breakdown 

Voltage 

10V 

5k 

*Does not affect temperaturl;! coefficient 



Typical Applications (Continued) 

Adjustable Shunt Regulator 

AS 
6VT040V--~~~t---------~---------------I~~~~U~V 

Uk 
1% 

Linear Ohmmeter 

LM334 

2ik 250k 2.5M 
1% 1" 1" 

10k/V 

35 

10k 
CALIBAATE 

"' ... ·~-···VOUT 

Bipolar Output Reference 

Op Amp with Output Clamped 5V 

5k 

AI 
2k 

±2V -'W'\r-~---I LM136 

5k 

-5V. 

2.5V Square Wave Calibrator 

5V 

2k 

.JII-----..... -----.... --- OUTPUT 

.A:'rnrn;"+C:;CALIBRATE 
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10k 
1% 

10k 
1% 

±1.2SV 



Typical Applications (Continued) 

5V Buffered Reference 

7V'; VIN ';36V - ..... -----....., 

10k 
CAL 

20k 
1% 

SV 

Connection Diagrams 
TO·92 

Plastic Package 

BOTTOM VIEW 

Order Number 
LM336Z·2.5 or LM336BZ·2.5 

Se. Package Z03A 

10k 
CAL 

2.2k 

SV 

Low Noise Buffered Reference 

TO·46· 
Metal Can Packag. 

BOTTOM VIEW 

Order Number 
LM136H·2.5. LM236H·2.5. LM336H·2.5. LM136AH·2.5. 

2·35 

LM236AH·2.5 or LM336BH·2.5 
See Package H03H 

2.SV 



~National Voltage References 
~ Semiconductor 
LM136·5.0/LM236·5.0/LM336·5.0 5.0V Reference Diode 
General Description 
The LM136-S.0/LM236-S.0/LM336-S.0 integrated circuits 
are precision S.OV shunt regulator diodes. These mono
lithic IC voltage references operate as a low temperature 
coefficient S.OV zener with 0.60 dynamic impedance. A 
third terminal on the LM136-S.0 allows the reference 
voltage and temperature coefficient to be trimmed easily. 

The LM136-S.0 series is useful as a precision S.OV low 
voltage reference for digital voltmeters, power supplies or 
op amp circuitry. The S.OV make it convenient to obtain a 
stable reference from low voltage supplies. Further, since 
the LM136-S.0 operates as a shunt regulator, it can be used 
as either a positive or negative voltage reference. 

The LM136-S.0 is rated for operation over - SS'C to 
+12S'C while the·LM236-S.0 is rated over a -2S'C to 
+ 8S'C temperature range. Both are packaged in a T0-46 

Schematic Diagram 

Typical Applications 

package. The LM336-S.0 is rated for operation over a O'C to 
+ 70'C temperature range and is available in either a three 
lead TO-46 package or a TO-92 plastic package. For appli
cations requiring 2.SV see LM136-2.S. 

Features 
• Adjustable 4V to 6V 
• Low temperature coefficient 
• Wide operaiing current of 400 p.A to 10 mA 

• 0.60 dynamic impedance 
• ± 1 % initial tolerance available 
• Guaranteed temperature stability 
• Easily trimmed for minimum temperature drift 
I'll Fast turn-on 

• Three lead transistor package 

R2 
2k 

O' Z4k 

0' 
Uk 

O' 
"k 

.16 

07 
Uk 

R6 

60' 

0" B.6. 

ADJ 

m 

Trimmed 4V to 6V Reference 

S_OV Reference 
S_OV Reference with Minimum 
Temperature Coefficient 

with Temperature Coefllclent . 
Independent of Breakdown Voltage 

"V 
IOV 

IOV f' 50V 

. '::' LMl36·5.' 

t Adjust to s.oov 

LMI36-5.01 
lM336-S.0 __ -"7'", 

Uk 

~
." 

10.* 
LM'''· •. ' '::' CALIBOATE 

IN457* 

IN457" 

• Any silicon signal diode 
• Does not affect temperature coefficient 
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Absolute Maximum Ratings 
Reverse Current 
Forward Current 
Storage Temperature 
Operating Temperature 

LM136·5.0 
LM236·5.0 
LM336·5.0 

Lead Temperature(Solderlng, 10 seconds) 

15mA 
10mA 

- 6Q·C to -150·C 

-55·Cto -150·C 
-25·Cto +85·C 

O·Cto + 70·C 
300·C 

Electrical Characteristics (Note 1) 

Parameter Conditions 
LM136A·5.0/LM236A·5.0 

LM136·5.0/LM236·S.0 
Min Typ Max 

Reverse Breakdown Voltage TA = 25·C, IR= 1 mA 
LM136·5.0/LM236·5.0/LM336·5.0 4.9 
LM136A·5.0/LM236A·5.0, LM336B·5.0 4.95 

5.00 
5.00 

5.1 
5.05 

Reverse Breakdown Change TA=25·C, 
With Current 600 ~SIRS10 mA 

Reverse Dynamic Impedance TA =25·C, IR= 1 mA 

Temperature Stability VR Adjusted 5.00V 
IR= 1 mA, (Figure 2) 
0·CsTA s70·C (LM336·5.0) 
-25·CsTA s +85·C (LM236·5.0) 
- 55·C sTAs + 125·C (LM136;5.0) 

Reverse Breakdown Change 600 }tA SiR S 10 mA 
With Current 

Adjustment Range 

Reverse Dynamic Impedance IR= 1 mA 

Long Term Stability TA =25·C±O.1·C,IR=1 mA 

6 12 

0.6 1.2 

7 18 
20 36 

6 17 

±1 

0.8 1.6 

20 

LM336B·5.0 
LM336·5.0 Units 

Min Typ Max 

4.8 5.00 
4.90 5.00 

6 

0.6 

4 

6 

±1 

0.8 

20 

5.2 V 
5.1 V 

20 mV 

2 !l 

12 mV 
mV 
mV 

24 mV 

V 

2.5 !l 

ppm 

NOle 1: Unless otherwise specified, the LMI36·5.0 is specified from - 55"C"TA" +125"C, the LM236·5.0 from - 25"CsTAs + 85"C and the LM336·5.0 from 
O"CsTA" + 70"C. 

Typical Performance Characteristics 

Reverse Voltage Change 
B...--,---.--r----r--, 

~ Tj'-55°C 
2~~~~~4-~--~ 

0/ I 
o 2 4 6 B 10 

REVERSE CURRENT (mA) 

Zener Noise Voltage 
400 ...--.,..---.--_-:--, 

IR .. 1mA 
1\ Tj-25"C 

350 ,",'~""--+--+---1f---l 

~ 300 I-\~-+---+---+----; 
:s \ !1l 250 1---''1.--+---1----1 

~ ~ 
200 

150 '--_.1..-_-'-_--'-_-' 
10 100 lk 10k lOOk 

FREQUENCY (Hz) 
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Dynamic Impedance 

0.1 '--_.l..-_-'-_...JI'-----' 
10 100 1k 10k lOOk 

FREQUENCY (Hz) 



Typical Performance Characteristics (Continued) 

2: 

I 
w 
co 

~ .. 
> 

Response Time 

41-i!-r 
I-f-,.L : ~ 

2 r-r-"TPUT IT· 
1-1- ';~ "jPUT-f--t-t--I 

o -P~~ 
10 I I INPUT I I 
0 

I I I I 
0 2 4 6 8 

TIMEc..l 

Temperature Drift 

5.120 

s; 5.010 V 
ii 5.040 ~Vd....t-~~++++=l 
~ 5.000 r-fo--::C .... -+--t--t-..... """'_d-_-l 
~ 4.960 I;;;;;I=I=Fj;;;;;;t-t-t-H 
- 1"-_ 
~ 4.920 ~!=;;I:::t::t_~i'-..--t---f"i"..j 

4.BBO I~ " lmA 

4.840 .1 
-55 -35-15 5 25 45 55 B5 105 125 

TEMPERATURE ('C) 

Application Hints 
The LM136·5.0 series voltage references are much easier 
to use than ordinary zener diodes. Their low impedance 
and wide operating current range simplify biasing in 
almost any circuil. Further, either the breakdown voltage 
or the temperature coefficient can be adjusted to optimize 
circuit performance. 

Figure 1 shows an LM136-5.0 with a 10k potentiometer for 
adjusting· the reverse breakdown voltage. With the addl· 
tion of R1 the breakdown voltage can be adjusted without 
affecting the temperature coefficient of the device. The 
adjustment range is usually sufficient to adjust for both 
the initial device tolerance and inaccuracies in buffer 
circuitry. 

FIGURE 1. LM136-5.0 with Pot for Adjustment of . 
Breakdown Voltage 

2-38 

Reverse Characteristics 

10-2 I--t---+--t-~-t-.--l 

10-3 - Tj' 1Z5'C +-+-~+--H 

Tj'25lC UP- -
10-4 ..L 

~j'-55'C 
10-5 .. ~,,-....... --_1.J....-_L.....--'_--J 

0.5 1.5 2.5 3.5 4.5 5.5 

REVERSE VOLTAGE (V) 

Forward Characteristics 

1.2 ,---,-.... --,-....., 

1.0 / 

~ ~V J 
c:I 0.8 _ ""V/ 
~ j 
~ 0.6 I' Tj'l~ /" ",/ 

~ 0.4 ~25'C-Jo""'./ 
:: ~ 

0.2 r-- Tj'125'C--

o '----'--_"'--1--'------' 
0.001 0.01 0.1 1 10 

FORWARD CURRENT (mA) 

If minimum temperature coefficient is desired, fourdiodes 
can be added in series with the adjustment potentiometer 
as shown in Figure 2. When the device is adjusted to 5.00V 
the temperature coefficient is minimized. Almost any sili·· 
con signal diode can be used for this purpose such as a 
1N914, 1N4148 or a 1N457. For proper temperature com· 
pensation the diodes should be in the same thermal envi· 
ronment as the LM136·5.0. It is usually sufficient to mount 
the diodes near the LM136·5.0 on the printed circuit board. 
The absolute resista(lce of the network is not critical and 
any value from 2k to 20k will work. Because of the wide 
adjustment range, fixed resistors should be connected in 
series with the 'pot to make pot setting less critical. 

V+ 

• Rs 

Ilo..l 

5. 

LMI35-5.D~"'''''~-+·~ ~~ 

5. 

~~IN914 
.... .... 

FIGURE 2. Temperature Coefficient Adjustment 



Typical Applications (Continued) 

Precision Power Regulator with Low Temperature Coefficient 

I---~~----------~""'-VOUT 

1.2k 

lN457 

LM336·5.0 .A:---..... .;: 

• Adiust for 6.25V across R1 

Rl 
625 

R2 
2k 

OUTPUT 
ADJUST ':' 

5VCrowbar Adjustable Shunt Regulator 

V+-------t-------1~------

LM336·5.0· 

100 

200 

SENSITIVE GATE 
SCR 

Linear Ohmmeter 

LM334 

5k 50k O.5M 5M 
1% 1% 1% 1% 

lDkN 

v' 
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35 

10k 
CALIBRATE 

VOUT 



Typical Applications (Contl~ued) 

10k 
CAL 

7.5V 

Op Amp with Output Clamped 

10k 
.... -'V"'-"-v+ 

s.OV Square Wave Calibrator 

10V 

2k 

.~---t---.... -- DUTPUT 

·.A:~-"';CALIBRATE 

LMI3&·5.0 

Low Noise Buffered Reference 

6V. 

2-40 

Bipolar Output Reference 

5V 

6k 

-6V 

10V Buffered Reference 

12V~VIN~36V-""----20-k-" 

1% 

10k 
CAL 

10k 
1% 

10k 
1% 

Wide Input Range Reference 

Y,N -7V TD 40V 

LM334 

I..--t--- VOUT"5.0V 

±2.6V 

10V 



Connection Diagrams 

TO-92 
Plastic Packaga 

J~\ 
BDTTDM VIEW 

Order Number LM336Z-S.0 or LM336BZ-S.O 
NS Package Number Z03A 

·2-41 

TO-46 
Metal Can Package 

BOTTOM VIEW 

Order Number LM136H-S.O, LM236H-S.O, LM336H·5.0, 
LM136AH-S.O, LM236AH·5.0 or LM336BH-5.0 

NS Package Number H03H 



~National 
~ Semiconductor 

Voltage References 

LM18S·1.2/LM28S·1.2/LM38S·1.2 
Micropower Voltage Reference Diode 
General Description 
The LM185-1_2/LM285-1_2/LM385-1.2 are mlcropower 
2-termlnal band-gap voltage regulator diodes. Operating 
over a 10 p.A. to 20 rnA current range, they feature excep
tionally low dynamic impedance and good temperature 
stability. On-chip trimming is used to provide tight voltage 
tolerance. Since the LM185-1.2 band-gap reference uses 
only transistors and resistors, low noise and good long 
term stability result. 

Careful design of the LM185-1.2 has made the device ex
ceptlonallytolerantofcapacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. Some outstanding features are: 

• Operating current of 10 p.A. to 20 mA 
• 1 % and 2% initial tolerance 

• 10 dynamic impedance 

• Low temperature coefficient 
• Low voltage reference-1.235V 
• 2.5V device also available- LM385-2.5 

The extremely low power drain of the LM185-1.2 makes it 
useful for micro power circuitry. This voltage reference can 
be used to make portable meters, regulators or general pur
pose analog circuitry with battery life approaching shelf 
life: Further, the wide operating current allows It to replace 
older references with a tighter tolerance part. 

The LM185-1.2 is rated foroperation over a - 55·Ct0125·C 
temperature range while the LM285-1.2 is rated - 25·C to 
85·C and the LM385-1.2 O·C to 70·C. The LM185-1.21 
LM285-1.2ILM385-1.2 are available In a hermetic TO-46 
package and the LM385-1.2 is also available in a low-cost 
TO-92 molded package. 

Schematic Diagram ~----~--~--~~---.~--.----.----+ 

Applications 

Wide Input Range 
Reference 

YIN = 2.JY TO JOY 

1.5yt 

Centigrade Thermometer 

27k 

2-42 

2.2k Calibration 

1. Adjust Al so that 
VI = temp at 1 my/oK 

2. Adjust V2 to 273.2 mV 

110 for 1.3V to 1.6V battery 
voltage = 50 i.A to 150 i.A 



Absolute Maximum Ratings 
Reverse Current 30mA 

Forward Current 10mA 

Operating Temperature Range 
LM185-1.2 - 55'Cto + 125'C 
LM285-1.2 - 25'Cto + 85'C 
LM385-1.2 O'Cto70'C 

Storage Temperature -55'Cto + 150'C 
Lead Temperature(Soldering, 10 seconds) 300'C 

Electrical Characteristics (Note 1) 

I Parameter Conditions 
LM18S-1.2/LM28S-1.2 LM38S-1.2/LM38SB-l_2 

Units 
Min Typ Max Min Typ Max 

Reverse Breakdown Voltage TA =2S'C IMIN ,;;IR,;;20 mA 
LM185-1.2/LM285-1.2/LM385B·1.2 1.223 1.235 1.247 1.223 . 1.235 1.247 V 
LM385-1.2 1.205 1.235 1.260 V 

Minimum Operating Current 8 10 8 15 p.A 

Reverse Breakdown Voltage IMIN ,;;I R,;;l mA 1 1 mV 
Change with ?urrent 1.S '. 

l_S mV 
1 mA,;;IR,;;20 mA 10 20 mV 

20 25 mV 

Reverse Dynamic Impedance IR=·100 p.A 0.2 0.6 0.4 1 11 
1_5 l_S 11 

Average Temperature 10 p.A,;;I R,;;20 mA (Note 2) 20 20 ppm/'C 
Coefficient 

Wide Band Noise (RMS) IR= 100 p.A 60 60 p.V 
10 Hz,;;f,;;10 kHz 

Long Term Stability IR= 100 p.A 20 20 ppm/kHR 
TA=25'C ± 0.1 'C 

Note 1: Boldface type applies over the operating temperature range. Thermal resistance of the TO·46 package Is 440'C/W junction to ambient or 
BO'C/W junction to case. Thermal resistance of the TO·92 package is lBO'C/W junction to ambient. 

Nota 2: Guaranteed maximum average temperature coefficient available as special order. 

Applications (Continued) 

Micropower Reference Reference from 
from 9V Battery 1.SV Battery 

9V 1.5V 

~500k .... 
:: 3k 

~1.2V ...... 1.2V 

~ 
~ 

~ 
~ 

~ LM385-1.2 ~ LM385-1.2 

-:.:- -:.: I - -
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Typical Performance Characteristics 

Reverse Characteristics 
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Forward Characteristics 
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LM385 Applications 

Mlcropower* 5V Regulator 

III -r:-------+--------_t---VIN::?5.2V 

LM3B5-1.2 10M 2k 

* 10,,30 p.A 

Vo = 5V r---"'-+-- IL ~ 100mA 

390k 

+ 4.7 ~F 
TANTALUM 

Micropower* 10V Reference 

IQ -r----+---VIN·15V 

1M 

>'-1""'--4Jr lOV 

150 pF 3.5M 

5DOk 

* 10" 20 p.A standby current 

Precision 1 fAA. to 1 mA Current Sources 

LM3B5·1.2 

Cl 
15DpF 

-1.5V TO -27V --....;;.-... ---+01\1'\1\,..... 
-30V 

I 1.23V 
OUT="A2 
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LM385 Applications (Continued) 

METER THERMOMETERS 

Calibration 

O·C-100·C Thermometer 

R4 
220 

150 

1.5V t 
(1.J-1.6V) 

1. Short LM385·1.2, adjust R3 for lOUT", temp at 1 "A/'K 

2. Remove short, adjust R2 for correct reading in centigrade 

tlO at 1.3V=,500"A 

10 at 1.6V=,2.4 mA 

O·F-50·F Thermometer 

Calibration 

R4 
tOO 

150 

1.J-1.6V 

1. Short LM385-1.2, adjust R3 for IOUT=temp at 1.8 "A/'K 

2. Remove short, adjust R2 for correct reading in of 

Lower Power Thermometer 

Uk TO 
12kt 

* 2N3638 or 2N2907 select for inverse HFE=5 

t Select for operation at 1.3V 

j 10=,600 pA to 900 "A 

1.JTD 
1.6V* 

Micropower Thermocouple ~old Junction Compensator 

MERCURY + 
CELL 

1.345V 

5.tk 

+ 
THERMOCOUPLE 

Adjustment Procedure 

'_I 
COLO JUNCTION 

ISOTHERMAL 
WITH LM334 

+ 

METER 

2k 
1% 

TC ADJ 
500 

.".l. Adjust TC ADJ pot until voltage across R1 equals kelvin temperature 
multiplied by the thermocouple seebeck coefficient. 

2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple 
seed beck coefficient multiplied by 273.2. 

Thermocouple Seebeck Rl R2 Voltage Voltage 
Type Coefficient (0) (0) Across R1 Across R2 

I.J<V/oC) @25°C (mV) 
(mV) 

52.3 523 1.24k 15.60 14.32 

T 42.8 432 lk 12.77 11.78 

K 40.8 412 953[1 12.17 11.17 

S 6.4 63.4 15Dn 1.908 1.766 

Typical supply current 50 fJ.~ 
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Connection Diagrams 

TO·92 
Plastic Package 

BOTTOM VIEW 

Order Number LM385Z·1.2 or LM385BZ·1.2 
NS Package Number Z03D 

247 . 

TO·46 
Metal Can Package 

BOTTOM VIEW 

Order Number LM185H·1.2, LM285H·1.2, 
LM385H·1.2 or LM385BH·1.2 
NS Package Number H03A 



~National 
~ Semiconductor 

Voltage References 

LM185·2.51LM285·2.51LM385·2.5 Micropower 
Voltage Reference Diode 

General Description 
The LM185·2.5/LM285·2.5/LM385·2.5 are mlcropower 
2·termlnal band·gap voltage regulator diodes. Operating 
over a 20 pA to 20 mA current range, they feature excep· 
tionally low dynamic impedance and good temperature 
stability. On·chip trimming Is used to provide tight voltage 
tolerance. Since the LM185·2.5 band·gap reference uses 
only transistors and resistors, low noise and good long 

I term stability result. 

Careful design of the LM185-2.5 has made the device ex· 
ceptionally tolerant of capacitive loading, making it easy 
to use in almost any reference application. The wide 
dynamic operating range allows Its use with widely vary· 
ing supplies with excellent regulation. Some outstanding 
features are: 

• Operating current of 20,.A to 20 mA 
• 1.5% and 3% Initial tolerance 

Schematic Diagram 

Applications 

• 10 dynamic impedance 
• Low temperature coefficient 
• Low voltage reference-2.5V 
The extremely low power drain of the LM185-2.5 makes It 
useful for micropowercircultry. This voltage reference can 
be used to make portable meters, regulators or general 
purpose analog circuitry with battery life approaching 
shelf life. Further, the wide operating current allows It to 
replace older references with a tighter tolerance part. For 
applications requiring 1.2V see LM185·1.2. 

The LM185·2.5 Is rated for operation over a - 55·0 to 
125·C temperature range while the LM285·2.5 Is rated 
- 25·C to 85·C and the LM385·2.5 O·C to 70·C. The 
LM185·2.5/LM285·2.5/LM385·2.5 are available in a 
hermetic T0-46 package and the LM385·2.5 is also 
available In a low·cost TO·92 molded package. 

H6 
200k 

H7 
50k 500k 

HI, 
31100 

500k 

Wide Input Range Reference 

VIN = 3.7V TO 30V 

3,3k 

... _+_OUT 
2,5V 
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Absoh.l~e i\flaximum Ratings 
Reverse Current 30mA 

Forward Current 10mA 

Operating Temperature Range , 
LM185·2.5 - 55°C to + 125°C 
LM285·2.5 -25°Cto +85°C 
LM385·2.5 0·Cl070·C 

Storage Temperature - 55·C to + 150·C 

Lead Temperature(Soldering, 10 seconds) 300·C 

Eleciricai Characteristics (Note 1) 

LM185·2.5/LM285·2.5 LM385·2.5/LM385B·2.5 
Parameter Conditions Min Typ Max Min Typ Max Units 

Reverse Breakdown Voltage TA=25°C; IMIN :sI R:s20 mA 
LM185·2.5/LM285·2.5/ 2.462 2.5 2.538 2.462 2.5 2.538 V 
LM38SB·2.5 
LM3BS·2.5 2.425 2.5 2.575 V 

Minimum Operating Current 8 20 8 20 I,A 

Reverse Brealldown Voltage 20 !,A:sI R:s1 mA 1 2 mV 
Change with Current 1.5 2.5 mV 

1 mA:S,I R:s20 mA 10 20 mV 
20 25 mV 

Reverse Dynamic Impedance IR=lOO!,A 0.2 0.6 0.4 1 n 
1.5 1.5 n 

Average Temperature 20 I,A:sI R:s20 mA 20 20 ppm/oC 
Coefficient (Note 2) 

Wide Band Noise (RMS) IR= 100!,A 120 120 ltV 
10 Hz:sf:s10 kHz 

Long Term Stability IR = lOO /,A 20 20 ppm/kHR 
TA= 2S"C:!: 0.1 °C 

Nole 1: Boldface type applies over the operating temperature range. Thermal resistance of the TO·46 package is 440·CIW junction to ambient or BO·C june· 
tion to case, Thermal resislance of the TO·92 package Is lBO·CIW lunctlon to ambient. 
Note 2: Guaranteed maximum average temperature coefficient available as special order. 

Applications (Continued) 

Micropower Reference 
from 9V Battery 

9V 

~ 200k 

~ 2.5V 

~ 
j. 
tt. LM385·2.5 

-.:.: -
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Typical Performance Characteristics 
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Reverse Characteristics 
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. Forward Characteristics 

0.81 0.1 10 

FORWARD CURRENT (mAl 

Reverse Dynamic 
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LM385·2.5 Applications 

Micropower* 5V Regulator 

In 

,....,------... -------........ ·:....--VIN~5.2V 

Micropower* 10V Reference 

In -.----... --VIN =15V 

500k 

r-_~~-4.-VO=5V 10V 
IL ~ 100mA 

IN451 

lM38S·2.S 10M 

lOOk 

2k lOOk 

+ 4.1 ~F 
TANTALUM 

*IQ",30 ~A slandby current 

Precision 1 p.A to 1 mA Current Sources 

LM385·2.S 

CI 
ISO pF 

ISO pF I.SM 

SOOk 

lM38S·2.S 

-1.5V TO -21V --....;.-.... ---+JV"" ...... 1.SV TO 21V ----.. ----'V\,..,. ..... 
-30V 

* lOUT = 2.5V 
R2 
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LM385·2.5 Applications (Continued) 

Calibration 

METER THERMOMETERS 

O'C-100°C Thermometer O°F-sooF Thermometer 

R4 
220 

Calibration 

R4 
100 

1. Short LM385·2.5. adjust A3 for lOUT = temp at I~AI'K 1. Shorl LM385·2.5. adjusl A3 for IOUT=lemp at 1.8~'K 

2. Remove short, adjust R2 for correct reading In centigrade 2. Remove short, adjust R2 for correct reading in o,F 

3V + 
LITHIUM 

111< 

+ 
THERMOCOUPLE 

\_, 
COLD JUNCTION 

ISOTHERMAL 
WITH LM334 

Mlcropower Thermocouple Cold Junction Compensator 

+ 

METER 

2k 
1% 

TC ADJ 
500 

Adjustment Procedure 

1. Adjust Te ADJ pot until vol18ge across AI equals Kelvin temperalure 
multiplied by the thermocouple Seebeck coefficient. 

2. Adjusl zero ADJ pot until vollage across A2 equals the thermocouple 
Seebeck coefficient multiplied by 273.2. 

Seebeck Voltage Voltage 
Thermocouple Coefficient R1 R2 Across R1 Across R2 

Type C!<V/,C) (0) (II) @2S'C (mV) 
(mV) 

J 52.3 523 1.24k 15.60 14.32 

T 42.8 432 lk 12.77 11.78 

K 40.8 412 95311 12.17 11.17 

5 6.4 63.4 15011 1.908 1.766 

Typical supply currenlSO ~A 

Improving Regulation of Adjustable Regulators 

5V 

\1 
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Connection Diagrams 

TO·92 
Plastic Package 

BOTTOM VIEW 

Order Number LM385Z·2.5 or LM385BZ·2.5. 
NS Package Number Z03D • 
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TO·46 
Metal Can Package 

BOTTOM VIEW 

Order Number LM185H·2.5. LM285H·2.5. 
LM385H·2.5 or LM385BH·2.5 
NS Package Number H03A 



~National . 
~ Semiconductor 

Voltage References 

LM1$9/LM299/LM399 Precision Reference 
General, Description 
The LM 199/LM299/LM399 are precision, temperature· 
stabilized monolithic zeners offllring temperature 
coefficients a factor of ten better than high quality 
reference zeners, Constructed on a single monolithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
imped~nce of the zener to about 0.5n and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com· 
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize ,heater power 
and improve temperature regulation. 

The LM199 series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling., Also, the 
LM 199 is free of voltage shifts due to stress on the leads. 
Finally, since the unit is ·temperature stabilized, warm up 
time is fast. 

The LM199 can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters, 

! 

Schematic Diagrams 

., 

" 

Temperature Stabilizer 

calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM199 can replace references in existing equipment 
with a minimum of wiring changes. 

The LM199 series devices are packaged in a standard 
hermetic TO·46 package inside a thermal shield. The 
LM199 is rated for operation from -55°C to +125°C 
while the LM299 is rated for operation from -25°C to 
+85°C and the LM399 is ra1!ed from O°C to + 70°C. 

Features 
• Guaranteed 0.0001 %/"C temperature coefficient 

• Low dynamic impedance - 0.5n 
• Initial tolerance on breakdown voltage - 2% 

• Sharp breakdown at 400l1A 
• Wide operating current - 500l1A to 10 mA 
• Wide supply range for temperature stabilizer 

• Guaranteed low noise 
• Low power for stabilization - 300 mW at 25°C 

• Long term stability - 20 ppm 

2k , .. 
lU' 

, -

Reference 

Connection Diagram Functional Block Diagram 
Metal Can Package 

~
~+ 

TOPVIEW 

Order Number LM199H, LM299H 
or LM399H 

See Package H04A 
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,Absolute Maximum Ratings 

Temperature Stabilizer Voltage 

Reverse Breakdown Current 

Forward Current 

Reference to Substrate Voltage V(RS) (Note 1) 

Operating Temperature Range 

LM199 

LM299 

LM399 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

40V 

20mA 

l'mA 
, 40V 

-Q,lV 

--55°C to +125°C 

-25°C to +85°C 

OnC to +70"C 

-55°C to +150°C 

300°C 

Electrical Characteristics (Note 2) 

LM199/LM299 
PARAMETER CONDITIONS 

MIN TYP MAX 

Reverse Breakdown Voltage 0.5mA::;IA::;10mA 6,8 6.95 7,1 

Reverse Breakdown Voltage 0.5 mA::; I ::; 10 mA 6 9 

Change With Current 

Reverse Dynamic Impedance IA = 1 mA 0,5 1 

Reverse Breakdown -55°C<TA <85°C} 0.00003 0,0001 

Temperature Coefficient 85°C::; T A ::; 125°C 
LM199 

0,0005 0,0015 

_25°C ~ T A ~ 85°C LM299 0,00003 0,0001 

oOe ~TA ~70oe LM399 

RMS Noise 10Hz::;f~10kHz 7 20 

Long Term Stability Stabilized, nOe ~ T A ~ 28°C, ' 20 

1000 Hours, I A = 1 rnA ±0.1 % 

Temperature Stabilizer TA = 25°C, Still Air, Vs = 30V 8.5 14 

Supply Current TA = -55°C' 22 28 

Temperature Stabilizer 9' 40 

Supply Voltage 
(Note 3) 

Warm·Up Til1)e to 0.05% Vs = 30V, T A = 25°C 3 

Initial Turn·on Current 9::; Vs ::; 40, T A = 2SoC, (Note 3) 140 200 

LM399 
UNITS 

MIN TYP MAX 

6,6 6,95 7,3 V 

6 12 mV 

0.5 1.5 n 
%/oC 

%('C 

%('e 

0,00003 0,0002 %/oe 

7 50 I1V 

20 ppm 

8,5 15 
mA 

9 40 V 

3 Seconds 

140 200 mA 

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or 0.1 V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature stabilizer and 55"C S T AS +125°C for the LM199; -25u e :s T A :s +85"e 
for the LM299 and O°C < TA < +70"e for the LM399, 
Note 3: This initial curr;nt ca~ be reduced by adding an appropriate resistor and capacitor to'the heater circuit. See the performance characteristic 
graphs to determine values. 
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Typical Performance Characteristics 
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Typical Applications 

Single Supply Operation 

9V T040V-~~----. 

TEMPERATURE 
STABILIZER 

69!JV 

Negative Heater Supply with 
Positive Reference 

R, 

Split SupplV Operation 

·IIV--... ----..., 

-15V 

TEMPERATURE 
STABILIZER 

695V 

'::' 

Buffered Reference 
With Single SupplV 

15k 

·IIV--------, .IIV--... ----... ---------, 

··9V TO 
-JJV 

'::' 

TEMPERATURE 
STABILIZER 

695V 

Positive Current Source 

15k 

IOVT040V'-..... ----... --.... ------..... -----, 

'::' 

TEMPEAATURE 
STABILIZER' 

G95V 

lM199 

4lk 

Standard Cell Replacement 

15VTO ZDV---fl>-----c;~-------------., 
1% REGULATED 

TEMPERATURE 
STABILIZER 

6.95V 

7.5k 

... --... ---, m~~;r 
12k 
0.1% 

20k 

2k 
0.1% 
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Typical Applications (cont'd.) 

+ 

Negative Current Source 

7.5k 

-25V------t---------t-----t-~------t_----~----------~ 

Square Wave Voltage Reference 

'!5V 

TOf 

t---"""""" __ .... -:-__ """'O",!; '-__ ... .....:+-1 ~ OUlPUl 

laOk 

lN4!i7 

o TO IOV 
INPUT 

SQUARE WAVE 

14'" Reference 

TEMPERATURE 
STABILIZER 

TEMPERATURE 
STAiuliZER 

69W 

LMI99 

69SV 

lM199 

Portable Calibrator* 

---L 

I 200k 

'12VTO _ 
1BV--

TEMPERATURE 
STABllIZE:R 

695V 

Jk '-=+ ____ :;LM::.:':.:99~ __ ..... ....I TRIM 

, .. 
n. 

Uk 
1% 

·Warm tip lime 10 stconds.mtermlltant operation does 1101 degrade long telm stability. 

Precision Clamp· 

CLAMP 
INPUT 

t--------------e-- OUTPUT 

+15V ---.... ---------. 

+ 

15k 

TEMPERATURE 
STABILIZER 

6.15V 

lMI99 IN914 

·Clamp wlllslRk 5 rnA whellll1pul goes more poullw! than reterenee 
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Typical Applications (cont'd.) 
OV to 20V Power Reference 

25V T040V--..... ~---_ .... ______________ -<l ..... ______ --, 

TEMPERATURE 
STABILIZER 

695V 

lM199 

Ok 

Bipolar Output Reference 

·l~V--..... t------. 

15V 
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~National Voltage References 
~ Semiconductor 
LM199A1LM299A1LM399A Precision Reference 
General Description 
The LM199A/LM299A/LM399A are precision, tempera
ture-sUlbilized monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference zeners. Constructed on a single monolithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.5n and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com· 
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation. 

The LM 199A series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
llM 199A is free of voltage sh ifts due to stress on the 
leads. Finally, since the unit is tem'perature stabilized, 
warm up time is fast. 

The LM 199A can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters, 
calibration standards, precision voltage or' current sources 
or precision power supplies. Further in many cases the 
LM199A can'replace references in existing equipment 
with a minimum of wiring changes. 

Schematic Diagrams 

o. 

" 
~--------~--~--~--~----~--~~~. v-

Temperature Stabilizer 

The LM199A series devices are packaged' in a standard 
hermetic TO-46 package inside a thermal shield. The 
LM199 is rated for operation from -55°C to +125°C 
while the LM299A is rated for operation from -25°C 
to +8So C and the LM399A is rated from O°C to +70°C, 

Certified Long Term Stability Devices 

All devices are tested for 1000 hours ~inimum ~t 25°C 
ambient temperature with ternpp.rature stabilizer oper
ating. All devices shipped with long term data which 
certifies a maximum drift for the 1000 hours of 20 ppm 
or 50 ppm. 

Features 
• Guaranteed 0.00005%tC temperature coefficient 

• Low dynamic impedance - 0.5n 
• Initial tolerance on breakdown voltage - 2% 

• Sharp breakdown at 400l1A 
• Wide operating current - 500,uA to 10 mA 

• Wide supply range for temperature stabilizer 

• Guaranteed low noise 
• Low power for stabilization - 300 mW at 25°C 

• Long term stability - 20 ppm 
II Certified long term stability available 

'Ok 

31lpf 

10k 

OJ 

"V 

Reference 

, .. 

, -

Cpnnection Diagram Metal Can Package Functional Block Diagram 

Certified Long Term Stability Device 

CERTIFIED LONG 
ORDERING TERM STABILITY 
NUMBERS 

ppm MAX 

20 LM199AH-20 

20 LM299AH-20 

50 lM399AH-50 

~
ttjd. 

TOP VIEW 

Order Number LM199AH. 
LM199AH·20. LM299AH. 
LM299AH·20. LM399AH, 

or LM399AH·50 
See NS Package H04D 
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Absolute Maximum Ratings 

Temperature Stabilizer Voltage 

Reverse Breakdown Current 

Forward Current 

Reference to Substrate Voltage V (AS) (Note 1) 

Operating Temperature Range 

LM199A 

LM299A 

LM399A 
Storage Temperature Range 

LeadTemperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 2) 

40V 

20mA 

1mA 

+40V 

-o.IV 

~5°C to +125°C 

-25°C to +85°C 

O°C to +70°C 
-55°C to +150°C 

300QC 

PARAMETER CONDITIONS 
LM199A, LM299A 

MIN TYP MAX 

Reverse Breakdown Voltage 0.5mA~ IR ~ 10 mA 6.8 6.95 7.1 

Reverse Breakdown Voltage 0.5mA~IR~10mA 6 9 

Change With Current 

Reverse Dynamic Impedance IR = 1 mA O.S 1 

Reverse Breakdown -5SoC<TA <8SoC } 0.00002 O.OOOOS 

Temperature Coefficient 8SoC ~ T A ~ 12SoC 
LM199A 

O.OOOS 0.0010 

- 2SoC ~ T A ~ 8SoC LM299A 0.00002 O.OOOOS 

O°C $TA ~70°C LM399A 

RMS Noise 10 Hz ~ f ~ 10 kHz 7 20 

Long Term Stability Stabilized, 22°C ~ T A ~ 28~C, 20 

1000 Hours, IR = 1 mA ±0.1% 

Temperature Stabilizer TA = 2SoC,Stili Air, Vs = 30V 8.S 14 
Supply Current TA =-5SoC 22 28 

Temperature Stabilizer 9 40 

Supply Voltage (Note 3) 

Warm·Up Time to O.OS% Vs = 30V, TA = 2SoC 3 

Initial Turn·on Current 9 ~ Vs ~ 40, T A = 2SoC, (Note 3) 140 200 

LM399A 
UNITS 

MIN TYP MAX 

6.6 6.95 7.3 V 

6 12 mV 

0.5 I.S n 
%loC 

%fC 

%fc 
0.00003 0.0001 %/oC 

7 SO JlV 

20 ppm 

8.5 15 
mA 

9 40 V 

3 Seconds 

140 200 mA 

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or O.lV more negative than the substrate. 
NClta 2: These specifications apply for 30V applied to the temperature stabilizer and -55°C S; T AS; +12SoC for the LM199A; -2SoC S; T AS; 
+8SoC for the LM299A and O°C S; TA S; +70°C for the LM399A. 
Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic 
graphs to determine values. 

Typical Applications 

For typical applications, see LM 199 data sheet on 
preceding pages. 
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Typical Performance Characteristics 
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200 

150 
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............. 
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100 

50 
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·0 
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-3 

-4 

160 
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~ 
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% 
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10 
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Heater Current 
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V)loJ-f-

-....." ",-VH -2o~_f-

1\--'--12, ...... VH -loV 
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, 
7X ~"'it ~# 
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Dynamic Impedance 
100 

10 / 
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(T, -Bo'CI 

i 1.0 
l!i 

./J 
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0.1 1 

10 100 lk 10k lOOk 
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Heater Current 
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Response Time 
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TIME (.,1 
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STABILIZED 
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~National ' 
~ Semiconductor 

LM3999 Precision Reference 
General Description 
The LM3999 is a precision, temperature·stabilized 
monolithic zener offering temperature coefficients 
a factor of ten better than high quality reference zeners, 
Constructed on a single monolithic chip is a temperature 
stabilizer circuit and an active reference zener, The 
active circuitry reduces the dynamic impedance of the 
zener to about 0,5n and allows the zener to operate 
over 0,5 mA to 10 mA current range with essentially 
no change in voltage or temperature coefficient, Further, 
a new subsurface zener structure gives low noise and 
excellent long term stability compared to ordinary 
monolithic zeners, 

The LM3999 reference is exceptionally easy to use 
and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling, Also, the 
LM3999 is free of voltage shifts due to stress on the 
leads, Finally, since the unit is temperature stabilized, 
warm up time is fast, 

The LM3999 can be used in almost any application in 
place of ordinary zeners with improved performance. 

Schematic Diagram 
Temperature Stabilizer 

Voltage References 

Some ideal applications are analog to digital converters, 
precision voltage or current sources or precision power 
supplies, Further, in many cases, the LM3999 can 
replace references in existing equipment with a mini· 
mum of wiring changes, 

The LM3999 is packaged in a standard TO·92 package 
and is rated from 0° C to +70° C, 

Features 
• Guaranteed 0,0005%fC temperature coefficient 

• Low dynamic impedance - 0,5n 

• Initial tolerance on breakdown voltage - 5% 

• Sharp breakdown at 400llA 

• Wide operating current - 500llA to 10 mA 

• Wide supply range for temperature stabilizer 

• Low power for stabilization - 400 mW at 25°C 

• Long term stabil ity - 20 ppm 

Reference HEATER SUPPl Y 

r---~----------~--------~--------------------------------------------------rn3 v+ 

01 

2k 

4.2 Ik 

Functional Block Diagram 
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JOpF 

10k 

2k 

03 
6.3V 

Typical Applications 
Basic Operation 

9V TO 40V ---1~-------. 

2,6k 

REFERENCE 

2 + 

GNO 
1 -



Absolute Maximum Ratings 
Temperature Stabilizer Voltage 36V 
Reverse Breakdown Current 20mA' 
Forward Current 0.1 mA 
Operating Temperature Range O°C to +70°C 
Storage Temperature Range -55°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Reverse Breakdown Voltage 0.6 mA ~ I R ~ 10 mA 6.6 6.95 7.3 V 

Reverse Breakdown Voltage 0.6 mA ~ I ~ 10 mA 

Change With Current 6 20 mV 

Reverse Dynamic Impedance IR = 1 mA 0.6 2.2 n 
Reverse Breakdown Temperature 

Coefficient 0°C~TA~70°C 0.0002 0.0005 %fC 

RMS Noise 10 Hz~f~ 10 kHz 7 jJ.V 

Long Term Stability Stabilized, 22°C ~ TA ~ 28°C. 

1000 Hours, IR = 1 mA ±0.1% 20 ppm 

Temperature Stabilizer TA = 25°C, Still Air, Vs = 30V 12 18 mA 

Temperature Stabilizer Supply 

Voltage 36 V 

Warm·Up Time to 0.05% Vs = 30V. T A = 25°C 5 Seconds 

Initial Turn·on Current 9 ~ Vs ~ 40, T A = 25°C 140 200 mA 

Note 1: These specifications apply for 30V applied to the temperature stabilizer and O°C s: TA ::; +70°C. . 

Typical Performance Characteristics 
Reverse Characteristics Reverse Voltage Change Dynamic Impedance 

10-1 8 100 

;; 
7 .s 

/ § 310-2 w .. 6 .. /. ... z STA81L1ZEO ~ " 10 
~ " z 

5 5 {Ti-90;~ " STABILIZE~ a: co (Tj - 90'C) ~ 10-3 w i .. 4 
" ~25'CI-w 

~ ~ " ./ a: T~~ ::::: co 3 iii 1.0 Tj -25'C .. > " ~ 10-4 .. " ~ 2 ~ 1/ 
a: 

~ ·~ABILIZEO .. 
1:; 1 (Tj _ 90'C) a: L 10-5 0.1 

6.25 6.45 6.65 6.85 7.05 0 2 4 6 8 10 10 100 'lk 10k lOOk 

REVERSE VOLTAGE IV) REVERSE CURRENT (rnA) FREQUENCV (H.) 

Zener Noise Voltage Stabilization Time Heater CUrrent 

ZOO 1 80 

TA .IZ5'C 1 
0 -- 1"- 1 

I '~~.-5~'C .. 60 

~ 
150 .s ~H·l0V 

\ ;; -1 
I ... 

.s I ~ "\l. ~ ... , 
~ 

=> , ~ 40 

12. VVH'20V -
Iij ~ 

a STABILIZED (Tj ~ 90'C)_ ~ -Z 
ffi 

VH·30V 
:-z 100 ....... <V ~VH"'40V "- S zo r..... Tj '25'C -3 ,. r--~ l'J"\l. I VH ·15V I 1 ~. 50 -4 0 

10 100 lk 10k lOOk 0 4 8 12 16 20 -55 -35 -15 5 Z5 45 65 85 105 

FREQUENCY (Hz) HEATER ON TIME - (SEC) TEMPERATURE ('C) 
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Typical· Performance Characteristics' (Continued) Heater Surge Limit Resistor \IS 

Minimum SupplV Voltage at 
Various Minimum Temperatures Initial Heater Current 

250 

" 200 .e ... 
:; 
'" 150 

~ 
::; 100 ... 

V~ .3iv 

...... " t..... 
..... " r-.... 

:.l = 
~ 

50 

iii ..... I-: o 
-55 -35 -15 5 25 45 65 85 105 125 

TURN ON TEMPERATURE I'C) 

Low Frequency Noise Voltage 

, 2 10 

TIME IM1NUTES) 

Typical Applications (Continued) 

Buffered Reference With Single SupplV 

... 15V--.... ----1>-------, 
Ok 

Negative Current Source 

7.Sk 

Heater Current (To Limit This 
Surge, See Next Graph) 

160 r-r-r-r-,--,--,.--'--'-"""" s: BOO 

'" o 700 

~ _ 600 
a: 
~ 500 
EO 
~ 400 

I 300 

~ 200 

.. 100 

i 

25'c146m~y 

I/V 
~ V5'C(60mA) 

~ V 

o 2 4 6 8 10 12 14 16 18 

TIME ISEC) 

10 20 30 40 

0.01 Hl~fS; 1 Hz 
STABILIZED 
ITi ~90'C) 

2: .. z 
ijj 
w .. 
~ 
> 20 

10 

MINIMUM SUPPLY VOLTAGE IV) 

*Heater must be bypassed with a 2 I'F 
tantalum capacitor if resistors are used. 

Response Time 

OUTPUT 
STABILIZED j 

(Ti~go'Cy-
Ij-Ti· JS·C - ~ 

'11 ~ I' .1, .. r--
~ 

III/WUT '----

-
INPUT- r--

100 200 300 400 

TIME I"~ 

Voltage Reference 

TD~~~--""----""-----------"" 

+ 
IOV 

lM3999 

r---.... -~a~u~ 

30. 

Square Wave Voltage Reference 

t15V 

''''' 7.511 5011 +L +--.Mr-... --.Mr--... ..., .-OUTPUT 

TEMPERATURE 
STABILIZER 

LMJQ9B 

OTO-10Y 
INPUT 

SQUARE WAVE 

OUTPUT 
1.01V 

-15v--4 _______ .... ---... -------....I 
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Typical Applications (Continued) 
, 

OV to 20V Power Reference 

TD::---.----.,..-------------~-------, 

TEMPERATURE 
STABILIZER 

6.95V 

lM39t9 

Precision Clamp· 
CLAMP 
INPUT 

R, 

&k 

... ------<~-OUTPUT 

+15V--.,..--_-, lN914 

15k 

TEMPERATURE 
STABILIZER 

S.95V 

LM3999 IN914 

*Clamp 'will sink 5 rnA when input 
gdes more positive than reference. 

Portable Calibrator· 

--L 

, .. [ 2DDk 

S.Bk 
1% 

18V--

TEMPERATURE 
STABILIZER 

6.95V 

LM3999 
3k 

TRIM 

,19k 
1% 

*Warm-up time 10 seconds; intermittent operation 
does not deg",de long term stability. 

lM39SK 

-5V 

Bipolar Output Reference 
50k 

15V---1----, 

OUTPUT 
IOV 
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5"~---"I 

6.9SV 

LM3999 -l!)V 3Upf 

Connection Diagram 

Plastic Package 

. r:-::l 
~ 

BOTTOM VIEW 

Order NU"lber LM3999Z 
See NS Package Z03A 
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Operational Amplifiers/Buffers 
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LM112/LM212/LM312 Operational Amplifiers ...................................... 3-161 
LM124/LM224/LM324, LM124A1LM224A/LM324A, LM2902 

Low Power Quad Operational Amplifiers ........................................ 3·172 
LM146/LM246/LM346 Programmable Quad Operational Amplifiers .................... 3-194 
LM4250/LM4250C Programmable Operational Amplifier ..•.......................... 3·279 

Single Supply 
LM10/LM10B(L)/LM10C(l) Op Amp and Voltage Reference ........................... 3·99 
LM124/LM224/LM324, LM124A/LM224A/LM324A, LM2902 

Low Power Quad Operational Amplifiers .............. , ......................... 3-172 
LM158/LM258/LM358, LM158A/LM258A/LM358A, LM2904 

Low Power Dual Operational Amplifiers ......................................... 3·216 
LM2900/LM3900, LM3301, LM3401 Quad Amplifiers ................................. 3·270 

High Voltage (Vce> :!:25V) 
LM143/LM343 High Voltage Operational Amplifier .................................. 3-181 
LM144/LM344 High Voltage, High Slew Rate Operational Amplifier .................... 3·188 

Buffer 
LM102/LM202/LM302 Voltage Followers ........................................... 3·135 
LM110/LM210/LM310 Voltage Follower ............................................ 3·154 
LM733/LM733C Differential Video Amp ........................................... 9-54 

Programmable 
LM146/LM246/LM346 Programmable Quad Operational Amplifiers .................... 3·194 
LM4250/LM4250C Programmable Operational Amplifier ............................. 3-279 
LM13080 Programmable Power Op Amp ........... , ............................... 3-284 

High Output Current (Io~200 mA) 
LM13080 Programmable Power Op Amp ........................................... 3-284 
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LF441A/LF441 Low Power JFET Input Operational Amplifier ...... ,.................. 3-66 
LF442A/LF442 Dual Low Power JFET Input Operational Amplifier. . . . . . . . . . . . . . . . . . . .. 3-73 
LF444A/LF444 Quad Low Power JFET Input Operational Amplifier ................ ~ . .. 3-81 
LF13741 Monolithic JFET Input Operational Amplifier. . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. 3-88 
LM10/LM10B(L)/LM10C(L) Op Amp and Voltage Reference ........................... 3-99 
LM111LM11C/LM11CLOperationai Amplifiers .............. ; ........................ 3·115 
LM107/LM207/LM307 Operational Amplifiers ...................................... 3-140 
LM124/LM224/LM324, LM124A/LM224A/LM324A, LM2902 

Low Power Quad Operational Amplifiers ........................................ 3-172 
LM148,LM149 Series Quad 741 Op Amps ................. ' ......................... 3·206 
LM158/LM258/LM358, LM158A/LM258A/LM358A, LM2904 

Low Power Dual Operational Amplifiers ......................................... 3·216 
LM159/LM359 Dual, High Speed, Programmable, Current Mode (Norton) Amplifiers ...... 3-226 
LM741/LM741A/LM741C/LM741 E Operational Amplifier .............................. 3·257 
LM747/LM747A/LM747C/LM747E Dual Operational Amplifiers ........................ 3-260 

General Purpose, Compensated (Continued) 
LM1558/LM1458 Dual Operational Amplifier ....................................... 3-268 
LM2900/LM3900, LM3301, LM3401 Quad Amplifier .................................. 3-270 
LM 13080 Programmable Power Op Amp ........................................... 3-284 

General Purpose, Uncompensated 
LF157/LF257/LF357 Monolithic JFET Input Operational Amplifiers. . . . . . . . . . . . . . . . . . .. 3-22 
LF157A/LF357A Monolithic JFET Input Operational Amplifiers ....................... 3-22 
LM101A/LM201A/LM301A Operational Amplifiers .......................... _ ........ 3·128 
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LM748/LM748COperationai Amplifier ........ ~ .............. : .................... 3-265 
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LM192/LM292/LM392, LM2924 Low Power Operational AmplifierlVoltage Comparator .... 3-242 

Note. For additional information on operational amplifiers, see National Semiconductor's Hybrid Products 
Databook. 
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COMPARISON OF ELECTRICAL CHARACTERISTICS 

DC Electrical Characteristics AC Electrical Characteristics 

Vos-Max Offset ~Vos/~T-TC of Ie-Max Bias 
AVOL Large . en-Equiv. 

Signal Voltage SR-Slew Input Noise 
Part Number Voltage (mV) VosI/tV/oC) Current (pA) 

Gain (V/mV) Rate (VII's) Voltage (nVl$z) 
(TA=25°C) Typ (TJ = 25°C) 

Min (T A = 25°C) (Note 2) 

MILITARY BI·FET OP AMP (Note 1) 

LF155 5 5 100 50 5 20 
LF155A 2 5 (max) 50 50 5 20 
LF156 5 5 100 50 12 12 
LF156A 2 5 (max) 50 50 12 12 
LF157 5 5 100 50 50 12 
LF157A 2 5 (max) 50 50 50 12 
LF411A 0.5 10 (max) 200 50 10 (min) 25 
LF411 2 10 200 50 8 (min) 25 
LF441A (low power) 0.5 10 (max) 50 50. 1 40 
LF412A Dual 1 10 (max) 200 50 10 (min) 25 
LF412 3 10 200 50 8 (min) 25 
LF442A Dual (low power) 1 10 50 50 1 40 
LF444 Quad (low power) 5 10 50 50 1 40 

INDUSTRIAL BI·FET OP AMP (Note 1) 

LF255 5 5 100 50 5 20 
LF256 5 5 100 50 12 12 
LF257 5 5 100 50 50 12 

COMMERCIAL BI·FET AND BI·FET II OP AMP (Note 3) 

LF351 10 10 200 25 13 16 
LF355 10 5 200 25 5 25 
LF355A 2 5 (max) 50 25 5 25 
LF356 10 5 200 25 12 15 
LF356A 2 5 (max) 50 25 12 15 
LF357 10 5 200 25 50 15 
LF357A 2 5 (max) 50 25· 50 15 
LF13741 15 10 200 25 0.5 37 
LF411A 0.5 10 (max) 200 50 10 25 
LF411 2.0 20 200 50 8 25 
LF441A (low power) . 0.5 10 (max) 50 50 1 40 
LF441 (low power) 5 10 100 50 1 40 

BI·FET II DUAL OP AMPS (CHARACTERISTICS FOR EACH AMPLIFIER) (Note 3) 

LF353 10 10 200 25 13 16 
LF412A 1 10 (max) 200 50 10 (min) 25 
LF412 3 20 200 50 8 (min) 25 
LF442A (low power) 1 10 (max) 50 50 1 40 
LF442 (low power) 3 20 100 50 1 40 

BI·FET II QUAD OP AMPS (CHARACTERISTICS FOR EACH AMPLIFIER) (Note 3) 

LF347 10 10 200 25 13 16 
LF3478 5 10 200 25 13 16 
LF444A (low power) 5 10 50 50 1 4Q 
LF444 (low power) 10 10 100 25 1 40 

BI_FET™ and BI·FET IITM are trademarked terms by National Semiconductor who invented the technology in .1974. 

Note 1: DC electrical characteristics are - 55"C to + 125"C for Military and - 25"C to +85"C for Industrial unless otherwise noted; AC electrical character-
istics are TA =25"C, typical specifications unless noted. 

Note 2: f = 1000 Hz. 

Nota 3: DC electrical characteristics are DOG to + 70 Ge unless otherwise noted; AC electrical characteristics are TA:;::: 25"C, typical specifications unless 
noted. 
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Max Input Offset 0.5 mV 
Voltage LF411A 
(TA=25°C) LF441 A 

1 mV 
LF442A 
LF412A 

SELECTION BY DES.IGN PARAMETER 

2mV 
LF155A/LF355A 
LF156A/LF356A 
LF357A 

3mV 5mV 
LF412 LF347B 
LF442 LF155/LF156/LF157 

LF255/LF256/LF257 
LF444A 

10 mV 15mV 
LF355/LF356/LF357 LF13741 
LF351 
LF353 
LF347 
LF444 

Max Input Bias 
Current 
(TJ=25°C) 

50pA 
LF155A/LF156A/LF157A 
LF355A/LF356A/LF357A 
LF441 A 

100pA 
LF155/LF156/LF157 
LF255/LF256/LF257 
LF441 

200pA 
LF355/LF356/LF357 
LF351 
LF347/LF347B 
LF353 
LF13741 
LF411A 

Typ Equivalent 
Input Noise Voltage 

per $2, f = 1000 Hz 

LF442A 
LF444A 

LF444 
LF442 

15 nV to 20 nV 
LF356 LF351 
LF356A LF347 

LF411 
LF412A 
LF412 

25 nV to 40 nV 
LF411A LF13741 
LF411 LF442A 

Rs=1001l ' 

12 nVor Less 
LF156/LF156A 
LF157/LF157A 
LF256/LF257 LF357 LF347B 

LF155 
LF155A 
LF255 
LF355 
LF355A 

LF412A LF442 

Typ Slew Rate 0.5V/",s 1V//LS 
LF13741 LF441A 

LF441 
LF442A 
LF442 
LF444A 
LF444 

LF357A LF353 

5V/",s 
LF155/LF155A 
LF255 
LF355/LF355A 

ADDITIONAL NS PRODUCTS USING BI·FET TECHNOLOGY 

• LF111 Comparator 

• LFl98 Sample and Hold 
• LF11201 Series of Analog Switches 

• LF11331 Series of Analog Switches 

• LF11508 Series of Analog Multiplexers 

• . LF13300 Integrating AID Building Block 

12V/",s 
LF156 
LF156A 
LF256 
LF356 
LF356A 

LF412 LF444A 
LF441A LF444 
LF441 

13V//LS 
LF351 
LF353 
LF347 
LF347B 

15V/",s 
LF411A 
LF411 
LF412A 
LF412 

50V/",s 
LF157 
LF157A 
LF357 
LF357A 



MI LlTARY TEMPERATURE RANGE: -55°C::; T A::; +125°C 
Input Input Input Input Voltage Bandwidth Slew Rate Output 

Common Differential Supply 
Offset Offset Offset Bias 

Gain Av = 1 Av= 1 
Current Supply Voltage Mode Input Current Compensation 

Device Voltage Voltage Drift Current Current' 
Min Typ Typ Min Min Max 

Range Voltage TA = 25°C Components Package Types 
Max Max Max Max (VoltsN) (MHz) (V/Ils) @ RL = 2k (V) (V) (V) (V) Max Per Amplifier 
(mV) (IlVtC) (nA) (nA) (rnA) (rnA) 

SINGLE OP AMPS 

LM101A 3 15 20 100 25k 0.5 ±3 ±22 ±12 ±30 3 1 TO·5 DIP 

LM102 7.5 6 typ lOa 0.999 10 10 1 ±12 ±18 ±10 5.5 0 TO·5 
(R L =Skr2) 

LM107 15 20 100 25k 0.5 7.5 ±3 ±22 ±12 ±30 3 0 TO·5 DIP 

LM10SA 1 0.4 3 40k 0.3 ±2 ±20 ±14 (Note 1) 0.6 TO·5 DIP 

LM108 3 15 0.4 3 25k 0.3 ±2 ±20 ±14 (Note 1) 0.6 TO·5 DIP 

LM110 6 12 10 0.999 20 30 1 ±5 ±18 ±10 5.5 0 TO·5 DIP 
(R L =8kr2) 

LMl12 3 15 0.4 3 25k 0.2 1.3 ±2 ±20 ±14 (Note 1) 0.6 0 TO·5 DIP 
(R L = 10kr2) 

LMl18 4 50 250 20k 15 50 min 6 ±5 ±18 "11.5 (Note 1) 0 TO·5 DIP 

LM121A (RsET =70k) 0.65 0.2 30 16k 0.5 ±5 ±20 ±15 ±15 1.5 1 TO·5 DIP 

LM121 (R SET=70k) 1 30 16k 0.5 ±5 ±20 ±15 ±15 1.5 1 TO·5 DIP 

LM143 6 35 50k 2.5 4.4 ±4 ±40 ±38 "40 4 0 TO·5 

~ 
(R L ;::5k) 

LM144 6 35 50k 30 4.4 ±4 ±40 ±38 ±40 4 TO·5 
(Av > 10) (R L ;:: 5k) 

LF155A 2.5 5 25 0.05 25k 2.5 5 5 ±5 ±22 ±20 ±40 4 0 TO·5 

LF155 7 20 50 0.1 25k 2.5 5 5 ±5 ±22 ±20 ±40 4 0 TO·5 

LF156A 2.5 5 25 0.05 25k 5 15 5 ±5 "22 ±20 ±40 7 0 TO·5 

LF156 7 20 50 0.1 25k 5 15 5 ±5 ±22 ±20 ±40 7 0 TO·5 

LF157A (Av;::5) 2.5 10 25 0.05 25k 25 75 5 ±5 ±22 ±20 ±40 7 TO·5 

LF157 (AV;::5) 7 20 50 0.1 25k 25 75 5 ±5 ±22 ±20 =40 7 0 TO·5 

LF411A 1.5 10 25 25. 4 15 5 ±6 ±22 ±16 ±38 2.8 0 TO·5 

LF411 4 20 25 15 4 15 5 ±6 ±18 ±ll ±30 3.4 TO·5 

LF441A 1.5 10 10 25 1 ±6 ±22 ±16 ±38 0.200 TO·5 

LM709A 3 15 250 600 25k 0.3 ±5 ±22 ±20 ±40 3.6 TO·5 

LM709 6 6 typ 500 1500 25k 1 0.3 ±9 ±18 ±8 ±5 5.5 3 TO·5 DIP 

LM725A 0.7 2 18 1S0 1000 0.5 0.005 ±3 ±22 ±13.5 "5 3.5 TO·5 DIP 

LM725 1.5 5 40 200 1000 0.5 0.005 ±3 ±22 ±13.5 "5 3.5 4 TO·5 

LM741A 4 15 70 210 32k 0.5 7.5 ±3 ±22 ±12 ±30 4.0 0 TO·5 DIP 

LM741 6 15 typ 500 1500 25k 0.5 5 ±3 ±22 ±12 ±30 2.8 0 TO·5 DIP 

LM748 6 500 1500 25k 1 0.5 5 ±3 ±22 ±12 ±30 2.8 TO·5 

LM4250 (Vs = ±15V) 4 3 7.5 50k 0.1 0.03 0.12 ±1 ±18 ±12 ±15 0.011 set 0 TO·5 DIP 
(R L ;:: lOOk) 

Note 1: Inputs have shunt-diode protection; current must be limited. *Not specified 

-- _.- ----
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Military Op Amp Selection Guide 
MILITARY TEMPERATURE RANGE:-SSoC:::;TA :::;+12SoC 

Input Input Input Input Output Supply 

Offset Offset Offset Bias Voltage Bandwidth Slew Rate 
Current Supply Voltage 

Common Differential Current 
Compensation 

Device Voltage Voltage Drift Cu"ent Current 
Gain Av= 1 Av=l Min Min Max 

Mode Input TA = 25°C Components Package Types 
Max Max Max Max Min Typ Typ 

@ RL = 2k (V) (V) Range Voltage Max Per Amplifier 
(mV) (/lVfC) (nA) (nA) 

(VoltsN) (MHz) (V//lsi 
(mA) 

(V) (V) (mA) 
(Note 2) 

DUAL OP AMPS 

LF412A 2 10 25 25 4 15 ±6 ±22 ±11i ±38 5.6 0 T0-5 

LF412 5 20 25 15 4 15 ±6 ±22 ±11 ±30 6.8 0 TO·5 

LF442A 2 10 10 25 1 ±6 ±22 ±16 ±38 0.200 0 T0-5 

LM158 5 30 150 25k 0.8 ±1.5 ±16 V+-1.5 V+ 1.2-' 0 TO·5 DIP 

LM1558 6 500 1500 25k 0.5 5 ±3 ±22 ±12 ±30 5.0 0 TO·5 

LM747A 4 15 70 210 32k 0.5 7.5 ±3 ±22 ±12 ±30 5.6 0 DIP 

LM747 6 500 1500 25k 0.5 5 '±3 ±22 ±12 ±30 5.6 0 DIP 

QUADOPAMPS 

LF444A 8 10 10 25 ±6 ±22 ±16 ±38 0.8 0 DIP 

LM124 7typ ±30 150 50 1.0 10 -16 +16 o to Vbc 3 0 DIP 
V+-l.5V 

LM146 (lSET = 10/lA) 5 5typ 20 100 lOOk 1.2 0.4 1.2 ±2 ±22 ±0.7 ±30 2 0 DIP 

LM148 6 15 typ 75 325 25k 1 0.6 5' ±3 ±22 ±12 ±30 3.6 0 DIP 

LM149 (Av ~ 5) 6 15tvp 75 325 25k 4 3 5 ±3 ±22 ±12 ±30 3.6 0 DIP 

~ 
Note 2: Supply current for all channals of amplifier in the package. 
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INDUSTRIAL TEMPERATURE RANGE: -25°C:::; T A:::; +85°C 

Device 

SING LE OP AMPS 

LM201A 

LM202 

LM207 

LM208A 

LM208 

LM210 

LM212 

LM216A 

LM216 

LM218 

LM221A 
(Rsn = 70kl 

LM221 
(Rsn = 70kl 

LF255 

LF256 

LF257 (Av <: 51 

DUAL OP AMPS 

LM258 

QUADOPAMPS 

LM224 

LM246 

LM248 

LM249 

LM2900 

LM2902 

Input 
Offset 

Voltage 
Max 
ImVI 

10 

1.0 

3 

4 

10 

4 

0.65 

6.5 

6.5 

6.5 

7.5 

9 

7.5 

7.5 

10 
(T A =25°1 

Input Input 
Offset Offset 

Voltage Drift Current 
Max Max 

1~Vf' CI InAI 

is 
15 typ 

20 

15 

15 

0.2 

5 typ 

5 typ 

5typ 

7 typ 

7 typ 

7 typ 

15typ 

15 typ 

20 

20 

0.4 

0.4 

0.2 

0.D15 

0.05 

50 

3 

20 

20 

20 

150 

150 

100 

125 

125 

Input 
Bias 

Current 
Max 
InAI 

100 

15 

100 

3 

0.05 

0.15 

500 

30 

30 

50 

50 

50 

500 

500 

250 

500 

500 

200 

Voltage 
Gain 
Min 

(Volt,/VI 

25k 

0.999 

25k 

40k 

25k 

0.999 

25k 

20k 

10k 

25k 

16k 

16k 

25k 

25k 

25k 

15k 

15k 

50k 

15k 

15k 

1.2k 

±50 500 lOOk 
(T A =25°CI (TA =25"cl typ 

Note 1: Inputs have shunt-diode protection; current must be limited. 
Note 2: Supply current for all channels of amplifier in the package. 

*Not specified 

Bandwidth 
Av = 1 

Typ 
(MHzl 

10 

20 

15 

0.5 

0.5 

2.5 

5 

25 

0.5 

4 

2.5 

Slew Rate 
Av = 1 

Typ 
IV/p,1 

0.5 

10 

0.5 

0.3 

0.3 

30 

0.3 

0.3 

0.3 

50min 

15 

75 

0.5 

0.4 

0.5 

2 

Output 
Current 

Min 
@RL=2kH 

(mAl 

5 

5 

5 

lO-source 
5-sink 

10 

1.2 

3-source 
D.5-slnk 

20-source 
8-sink 

Supply Voltage Common 
Min Max Mode 
(VI IVI Range 

IVI 

±3 

±12 

±3 

±2 

±2 

±5 

±2 

±5 

is 
±5 

±5 

±5 

±5 

±5 

i5 

±22 

±18 

±22 

±20 

±20 

±18 

±20 

±20 

±20 

±18 

±20 

±20 

±22 

±22 

±22 

±12 

±10 

±12 

±14 

±14 

±10 

±14 

±13 

±13 

il1.S 

±15 

±15 

±20 

±20 

±20 

3 32 V+ 
(±1.51 (±161 -1.5 

±2 

±5 

±5 

+4 

32 V+-l.5 

±18 

±18 

±18 

+36 

±1.5 

±18 

±18 

Differential 
Input 

Voltage 
IVI 

±30 

±30 

INote 11 

(Note 11 

INote 11 

(Note 11 

(Note 11 

(Note 11 

±15 

±15 

±40 

±40 

±40 

32 

32 

±30 

±36 

±36 

3.0 26 -D.3Voc 26 Voc 
single single to 

±1.5 ±13 +26 Voc 
dual dual 

Supply 
Current 

TA=25°C 
Max 
(mAl 

(Note 21 

3 

5.5 

3 

0.6 

0.6 

5.5 

0.6 

0.6 

0.8 

8 

1.5 

1.5 

4 

7 

7 

1.2 

2.5 

4.5 

4.5 

10 

Compensation 
Components 
Per Amplifier 

o 
o 

o 
o 
o 

o 

o 
o 
o 

o 

o 
o 
o 
o 
o 

o 

Package Types 

TO·5 DIP 

TO·S 

TO·5 DIP 

TO·5 DIP 

TO·5 DIP 

TO·S DIP 

TO·5 

TO·5 

TO·5 

TO·5 DIP 

TO·5 DIP 

TO·S DIP 

TO·5 

TO·5 

TO·S 

TO·5 DIP 

DIP 

DIP 

DIP 

DIP 

DIP 

DIP 
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COMMERCIAL TEMPERATURE RANGE: DOC -s: T A -s: +7DoC 

Supply 
'Common 

Input Input Input Input 
Voltage Bandwidth Slew Rate 

Output 
Mode Differential 

Offset Offset Offset Bias 
Gain AV= 1 AV= 1 

Voltage Voltage .. 
Input 

Device Voltage Voltage Drift Current Current Swing Min Max ReJec~lon 
-Min Typ , Typ RatIo Voltage 

Max Max Max Max 
(VoltslV) (MHz) (V/flS) 

RL=10kfl. 
(dB)- (V) 

(mV) (flV(C) (nA) (nA) (V) (V) (V) 
Min 

SINGLE OP AMPS 
LM301A 10 30 70 300 15k 1 0.5 5 ±3 ±18 ±12 ±30 

LM302 20 20 typ 30 0.9985 10 10 ±12 ±18 ±10 

LM307 10 30 50 250 15k 0.5 5 ±3 ±18 ±12 ±30 

LM308A 0.73 5 1.5 10 60k 0.3 ±2 ±20 ±14 (Note 1)' 

LM308 10 30 1.5 10 15k 1 0.3 ±2 ±18 ±14 (Note 1) 

LM310 10 10 typ 10 0.999 20 30 ±5 ±18 ±10 

LM312 10 30 1.5 10 15k 0.3 ±2 ±18 ±14 (Note 1) 

LM316A 6 0.03 0.1 30k 0.3 ±5 ±20 ±13 (Note 1) 

LM316 15 0.1 0.25 15k 0.3 1 ±5 ±20 ±13 (Note 1) 

LM318 15 300 750 20k 15 50 5 ±5 ±18 ±11.5 (Note 1) 

LM321A 0.65 0.2 25 12k 0.5 ±5 ±20 ±15 ±15 

(RSET.= 10k) 

LM321 2.5 4 28 12k 0.5 ±5 ±20 ±15 ±15 

~ 
o 

(RSET = 10k) 

LM343 10 14 55 50k 2.5 4 ±4 ±34 ±34 ±34 

(RL2:5k) 

LM344 10 14 55 50k 2 30 4 ±4 ±34 ±34 ±34 

(RL2:5k) 

LF351 10 10 typ 0.1 0.2 25k 4 13 ±12 -18 18 70 ±30 

LF355A 2.3 5 1 5' 25k 2.5 5 5 ±5 ±22 ±20 ±40 

LF355 13 5 typ 2 8 15k 2_5 5 5 ±5 ±18 ±16 ±30 

LF356A 2.3 5 1 5 25k 5 15 5 ±5 ±22 ±20 ±40 

LF356 13 5typ 2 8 15k 5 15 5 ±5 ±18 ±16 ±30 

LF357A 2.3 5 5 25k 25 75' 5 ±5 ±22 ±20 ±40 

(AV 2: 5) 

LF357 13 5 typ 2 8 15k 25 75 5 ±5 ±18 ±16 ±30 

(AV 2: 5) 

LF411A 0.5 10 0.100 50 4 15. ±6 ±22 ±16 ±38 

LF411 2.0 20 0_100 25 4 15 ±6 ±18 ±11 ±30 

LF441A 0.5 10 0_025 50 1 ±6 ±22 ±16 ±38 

LF441 5 10 typ 0.050 25 ±6 ±18 ±ll ±30 

LF13741 20 10 typ 2 8 15k 0.5 5 ±4 ±18 ±16 ±30 

Note 1: Inputs have shunt~djode protection; current must must be limited. *Not specified 

Commercial Op Amp 
Selection Guide 

I 

Supply 
Current 

TA = 25°C Compensation 
Package Types 

Max Components 
(rnA) 

(Note 2) 

3 1 TO-5 DIP 

5.5 0 TO-5 

3 0 TO-5 DIP 

0.8 TO-5 DIP 

0.8 TO-5 DIP 

5.5 0 TO-5 DIP 

0.8 0 TO-5 

0.6 0 TO-5 

0.8 0 TO-5 

10 0 TO-5 DIP 

2.2 TO-5 

2.2 TO-5 

5.0 0 TO·5 

5.0 TO-5 

3.4 0 TO-5, Mini-DIP 

4 0 TO-5, Mini-DIP 

4 0 TO-5, Mini DIP 

10 0 T0-5, Mini-DIP 

10 0 TO-5, Mini-DIP 

10 0 TO-5, Mini-DIP 

10 0 TO-5, Mini-DIP 

1.8 0 TO-5, DIP 

3.4 0 TO-5, DIP 

0.200 0 TO-5, DIP 
0.250 0 TO-5, DIP 

4 0 TO-5, Mini-DIP 



COMMERCIAL TEMPERATURE RANGE DoC ~ T A ~ +70°C 

Input Input Input Input Output Supply 
Common 

Offset Offset Offset Bias 
Voltage Bandwidth Slew Rate 

Voltage Voltage 
Mode Differential 

Device Voltage Voltage Drift Current Current 
Gain AV= 1 AV= 1 

Swing Min Max 
Rejection Input 

Max Max Max Max 
Min Typ Typ 

RL=10kU 
Ratio Voltage 

(mV) (/lVfC) (nA) (nA) 
(VoltslV) (MHz) (Vllls) 

(V). (V) (V) 
(dB) (V) 
Min 

SINGLE OP AMPS (Continued) 

LM709C 10 12 typ 500 1500 15k 1 0.3 5 ±9 ±18 ±8 ±5 

LM725C 3.5 2 typ 50 250 125k 0.5 0.005 5 ±3 ±22 ±13.5 ±5 

LM741C 7.5 15 typ 300 800 15k 1 0.5 5 ±3 . ±18 ±12 ±30 

LM741E 4 15 70 210 32k 1 0.5 7.5 :t-3 ±18 ±12 ±30 

LM748C 6 6 0.5 1.5 25k 1 0.5 5 ±3 ±18 ±12 ±30 

LM4250C 6 · 8 10 50k 0.1 0.03 0.12 ±1 ±18 ±12 ±15 

(AV>10) (RL~100k) 

DUALOPAMPS 

LF353 10 10 typ 0.1 0.2 25k 4 13 ±12 -18 18 70 ±30 
LF412 3 20 0.100 25 4 15 ±6 ±18 ±11 ±30 

LF412A 1 10 0.100 50 4 15 ±6 ±22 ±16 ±38 

~ 
LF442 0.100 25 1 1 ±6 ±18 ±11 ±30 

LF442A 1 10 0.050 50 1 1 ±6 ±22 ±16 ±38 

LM358 7.5 7 typ 150 500 15k 1 · 8 ±1.5 ±15 VL1.5 V+ 

LM1458 6 · 300 800 15k 1 0.2 5 ±3 ±18 ±15 ±30 

LM747C 6 · 300 800 15k 1 0.5 5 ±3 ±18 ±12 . ±30 

LM747E 4 15 70 210 32k 1 0.5 7.5 ±3 ±18 ±12 ±30 

aUADOPAMPS / 

LF347 10 10 typ 0.01 0.2 25k 4 13 ±12 -18 18 70 ±30 

LF347A 5 10typ 0.1 0.2 50k 4 13 ±12 -18 18 80 ±30 

LF444 10 10typ 0.100 25 1 1 ±6 ±18 ±11 ±30 

LF444A 5 10typ 0.050 50 1 1 ±6 ±22 ±16 ±38 

LM324 9 7 typ 150 500 15k 1 · lD->ource 3 32 VL 1.5 32 

5-sink (±1.5)(±16) 

LM346 5 10 typ 100 250 lOOk 0.8 0.4 ±12 -18 18 70 ±30 

LM34B 7.5 15 typ 100 400 15k 1 · 5 ±5 ±18 ±18 ±36. 

LM349 7.5 15 typ 100 400 15k 4 3 5 ±5 ±18 ±18 ±36 

(AV~5) 

LM3900 . · . 200 2.8k 2.5 20 10 4 36 . . . 
[±2) (±lB) 

Note 2: Supply current for all channels of amplifier in the package 

Supply 
Current· 

T A = 25° C Compensation Packa e T es 
Max Components g yp 
(rnA) 

(Note 2) 

6.6 3 TO·5 DIP 

5 4 TO·5 DIP 

2.8 0 TO·5 DIP 

3.75 0 TO·5 DIP-

2.8 .1 TO·5 DIP 

0.011 0 TO·5 DIP 

(Set) 

6.5 0 TO·5, DIP 

6.8 0 TO·5, DIP 

5.6 0 TO-5, DIP 

0.500 TO-5, DIP 

0.400 0 TO-5, DIP 

1.2 0 TO·5 DIP 

5.6 0 TO·5 DIP 

5.6 0 TO·5 DIP 

5.6 0 TO·5 DIP 

11 0 N,J 

11 0 N,J 

1 0 DIP 

0.8 0 DIP 

2 0 DIP 

0.62 0 N,J 
4.5 0 DIP 

4.5 0 DIP 

10 0 DIP, 

" 
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HYBRID OPERATIONAL AMPLifiERS 

6~r.u~t 8:r.'::. ~1r.u~ r;r.~t VolI_ge Volt.ge Bandwidth Slew Rate Supply Volt.ge 
Voltage Orin Current CUrrent Oaln Av=1 Av=1 Output 

M •• lIo~rrC) M .. M .. Min (~lfZI J~I Current Min M •• 
F •• tur •• (mV) InA) (nA) (VoIts/mV) (mAl (VI (V) 

Wldeband 3 4 200 2000 15 30 30 ±100 .5 .20 

High Voltage 1 4 20 100 30 1 0.25 ±IS .5 ±45 . 
1.5 4 45 120 1 0.25 :tIS .5 ±45 

Wldeband 3 10 5 25 4 30 (II 20,(1) ±5O .9 .20 
10 20 20 50 2 30 (I) 20(1) .50 .9 .20 
10 25 25 100 2 30 (I) 20 (I) ±50 .9 .20 

High Gain Medium Power 2,5 10 50 250 100 1 025 ±40 .5 ±22 
6 10 200 500 50 1 0,25 ±40 .5 ±22 

High Power 3 3 100 300 100 1 3 ±1000 .5 ±IS 
6 5 200 500 100 1 3 ±1000 • 5 :t18 
3 3 100 300 100 1 3 .200 .5 ±18 
6 5 200 500 100 1 3 .200 .5 :tIS 
4 5 100 300 50 15 70 ±500 .5 ±)8 
10 5 200 500 25 15 10 ±500 .5 ±IS 

General Purpose FET Input 4 5 0,002 0.01 100 1 3 ±10 .5 .22 
6 5 0.005 0.025 75 1 3 :tl0 .5 ±22 
20 5 0.005 0025 50 1 3 :tl0 .5 .22 
20 10 0.Q1 0,05 25 1 3 :1:10 .5 ±22 
0,5 2 0,0005 0,0025 100 1 3 :!::10 .5 ±22 
1 5 0.001 0005 75 1 3 ::tl0 .5 ±22 

W.deband High Slew Rate 4 20 5,000 30,000 ,4 50 500 ±10 .9 . ±IS 

B 25 15,000 40.000 3 50 400 :10 .9 :18 

Wldeband FET Input 5 25 0025 0,1 1 70 500 :10 .5 ±18 
15 25 0,05 0,2 1 70 500 :!:10 .5 ~18 

PreciSIon FET Input 0,05 0,2 5 30 500 0,4 0,06 :t.l.3' .3 .20 
0,1 0,2 5 30 500 0,4 0,06 :!:1.3 ±3 .20 

0025 0,1 2,5 15 1,000 0,4 0,06 :!:1.3 .3 %20 
0,025 0,1 2,5 15 1,000 0,4 0,06 :1.3 .3 ±20 
0,05 0,2 5 30 500 0,4 0,06 :1.3 .3 ±20 

Medium Speed. FET Input 5 5 0,002 0.01 50 15 70 .6 .5 ±20 
15 10 0005 0,065 25 15 70 ±6 .5 %20 

Dual PreCISion 2 15 10 75 50 1 0,5 :t.5, .3 .22 
2 15 10 75 50 1 0,5 .5 ±3 :!:22 

7,5 30 50 250 25 1 0,5 .5 .3 .22 
0,5 5 0,2 2 BO 1 0,3 ., .2 .20 
0,5 5 0,2 2 60 1 0,3 ., .2 ±2O 
0,5 5 1,0 7 60 1 0,3 .1 .2 .20 
2 15 0,2 2 50 1 0,3 ±1 .2 .20 
2 15 0,2 2 50 1 0,3 .1 ., :t.20 

75 30 1,0 1 50 1 0,3 ., .2 :t.20 

Dual Low Power 3 - 5 15 100 0,25 0.16 :0.75 ., :!:18 
6 - 10 30 75 0,25 0.16 :0.75 ., :18 

Note: For informallOn on monolithic operational amplifiers. consult the Linear Databook . 

Note 1: Specified for Ay= -10. 

• Refers to Hybrid Products Databook, 1982 edition 

HYBRID BUFFER AMPLIFIERS 

Voltage 
Part Number 

GaIn Output Slew Input -55°C to -25°C to 
Features (mini Currant Rate Impedance 125°C' 85°C 

Bipolar Input. medIum speed 095 ::tl00mA 200V/lls 1BOKQ lHOOO2H lHOOO2CH 
LHOOO2CN 

FET Input. high speed 097 ±100mA 1000VlllS 1010 Q lHOO33G lH0033CG 
lH0033CJ 

FET Input. very high speed 095 ±250mA 2000Vllls 1010 Q lH0063K lH0063CK 

• Refers to Hybrid Products Databook, 1982 edition 

1 
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Temperature Range . 
-55°C to -25°C to OOeto N:~~.r 125°C 85°C 70"e 

LH0003 LH0003C 1·4 

LHOOO4 1·6 
LHOOO4C 1·6 

LH0005A 1·9 
LHOOO5 1·9 

LH0005C 1-12 

LHOO20 '·'4 
LH0020C ,·,4 

LH0021 ,·,6 
LHOO21C . '·16 

LHOO41 ,·16 
LH0041C ,·16 

LH0061 1·56 
LH0061C 1·56 

LH0022 1·23 
LH0022C 1-23 

LHOO42 ,·23 
LHOO42C 1·23 

LH0052 1·23 
LH0052C 1·23 

LHOO24 1·30 
LH0024C '·30 

LH003, 1-33 
lHOO32C 1·33 

LHOO44 1·39 
LHOO44C 1·39 

.LH0044A 1·39 
LH0044AC 1·39 
LH00448 .1·39 

LH0062 1·59 
LH0062C 1·59 

LH2101A 1·91 
LH2201A 1·91 

LH2301 A 1·91 
LH210BA 1·93 

LH2206A 1·93 
LH2308A 1·93 

LH2108 1·93 
LH220B 1·93 

LH230B 1·93 

LH24250 1·95 
LH24250C 1·95 

. 
N:~'l:er 

2,. 

". 
2·7 
'·7 
,·7 



~National Operational Amplifiers/Buffers 
~ Semiconductor 

Definition of Terms 
Bandwidth: That frequency at which the voltage gain 
is reduced to 1/0 times the low frequency value. 

Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change 
in input offset voltage over th is range. 

Harmonic Distortion: That percentage of harmonic 
distortion being defined as one-hundred times the ratio 
of the root-mean-square Irms) sum of the harmonics to 
the fundamental. % harmonic distortion = 

IV22 + V32 + V42 + ... ) 1/2 1100%) 

V1 
where V1 is the rms amplitude of the fundamental and 
V2, V3, V4, ... are the rms amplitudes of the individual 
harmonics. 

Input Bias Current: The average of the two input 
currents. 

Input Common-Mode Voltage Range: The range of 
voltages on the input terminals for which the amplifier 
is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Impedance: The ratio, of input .voltage to input 
current under the stated conditions for source resistance 
(RS) and load resistance (RLl. 

Input Offset Current: The difference in the currents 
into the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be 
applied between the input terminals through two equal 
resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 
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Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required 
to drive the output from zero to this voltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for source 
resistance I RS) and load resistance I R L). 

Output Resistance: The small signal resistance seen at 
the output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Offset Voltage Tel)lperature Drift: The average drift 
rate of offset voltage for a thermal variation from room 
temperature to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Settling Time: The time between the initiation of the 
input step function and the time when the output 
voltage has settled to within a specified error band of 
the final output Voltage. 

Slew Rate: The internally-limited rate of change in 
,output voltage with a large-amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output midway l)etween the supplies.-

Transient Response: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to 
the frequency where the amplifier open loop gain rolls 
off to one. 

Voltage Gain: The ratio of output voltage to input 
voltage under the stated conditions for source resis
tance I RS) and load resistance (R L). 



~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LF147/LF347 Wide Bandwidth Quad JFET 
Input Operational Amplifiers 
General Description 
The LF147 is a low cost, high speed quad JFET input 
operational amplifier with 'an internally trimmed input 
offset voltage (BI-FET IITM technology). The device 
requires a low supply current and yet maintains a large 
gain bandwidth product and a fast slew rate. In addition, 
well matched high voltage JFET jnput devices provide 
very low input bias and offset currents. The LF147 is 
pin compatible with the standard LM14B. This feature 
allows designers to immediately upgrade the overall per
formance of existing LF148 and LM124 designs. 

The LF147 may be used in applications such as high 
speed integrators, fast D/A converters, sample-and-hold 
circuits and many other circuits requiring low input 
offset voltage, low iriput bias current, high input imped: 
ance, high slew rate and wide bandwidth. The device 
has low noise and offset voltape drift. 

BI-FET II ™ Technology 

Features 
• Internally trimmed offset voltage 2 mV 
• Low input bias current 50 pA 
• Low input noise current 0.01 pA/.jHz 
• Wide gain bandwidth 4 MHz 
• High slew rate 13 V//ls 

• Low supply current 7.2 mA 
• High input impedance 6 1012,(1 

• Low total harmonic distortion AV = 10, <0.02% 
RL = 10k, Va = 20 Vp-p, BW = 20 Hz-20 kHz 

• Low 1 If noise corner 50 Hz 
• Fast settling time to 0.01% 2/ls 

Simplified Schematic 1/4 Quad 

vcco-------~------------.------, 

Vo 

+ 

-VEE 0----4_----.... ----____ .... ____ .-1 

Connection Diagram 
Dual-tn-Line Package , 

TOP VIEW 
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Order Number LF147D or LF347D 
See NS Package D14E 

Order Number LF347BN or LF347N 
See NS Package N14A 



Absolute Maximum Ratings 

LF147 
LF347BI 
LF347 LF147 LF347B/LF347 

Supply Voltage ±22V ±lav Power Dissipation 900mW SOOmW 

Diflerential Input Voltage ±3aV ±30V (Note 31 

Input Voltage Range ±19V ±lSV Tj max IS0·C 11SoC 

(Note 11 °jA 100°C/W IS0°C/W 

Output Short Circu it Continuous Continuous Operating Temperature (Note 41 (Note 41 
Duration (Note 2) Range 

Storage Temperature -6SoC:::::' T A :::::' lS0°C 
Range 

Lead Temperature 300°C 300°C 
(Soldering, 10 seconds) 

DC Electrical Characteristics (Note 5) 

LF147 LF347B LF347 
SYMBOL PARAMETER CONDITIONS 

MIN TYP MAX MIN 
UNITS 

TYP MAX MIN TYP MAX 

VOS I nput Offset Vol tage RS = 10 kn, T A = 25'C 1 5 3 5 5 10 mV 
Over Temperature 8 7 13 mV 

';VOS/';T Average TC of Input Offset RS= 10kn 10 10 10 pvfc 
Voltage 

lOS Input Offset Current Tj = 25°C, (Notes 5, 61 25 100 25 100 25 100 pA 

Over Temperature 25 4 4 nA 

IB I nput Bias Current Tj = 25'C, (Notes 5, 6) 50 200 50 200 50 200 pA 

Over Temperature 50 8 8 nA 

RIN Input Resistance· Tj = 25'C 1012 1012 1012 n 

AVOL Large Signal Voltage Gain Vs = ±15V, TA = 25'C 50 100 50 100 25 100 V/mV 

Vo = ±10V, RL = 2 kn 

Over Temperature 25 25 15 V/mV 

Vo Output Voltage Swing Vs = ±15V, RL = 10 kn ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 V 

VCM Input Common-Mode Voltage 
Vs = ±15V ±ll 

+15 +15 +15 V 
111 ±ll 

Range -12 -12 -12 V 

CMRR Common-Mode Rejection Ratio RS:O; lOkn 80 100 80 100 70 100 dB 

PSRR Supply Voltage RejectIOn RatiO (Note 7) 80 100 80 100 70 100 dB 

IS Supply Current 7.2 11 7.2 11 7.2 11 mA 

AC Electrical Characteristics (Note 5) 

LF147 LF347B LF347 
SYMBOL PARAMETER CONDITIONS UNITS 

MIN . TYP MAX MIN, TYP MAX MIN TYP MAX 

Amplifier to Amplifier Coupling TA - 25'C, -120 -120 -120 dB 
f = 1 Hz-20 kHz 

{Input Referredl 

SR Stew Rate Vs = ±15V, TA = 25°C 13 13 13 Vips 

GBW Gain·Bandwidth Product Vs = ±15V, TA = 25°C 4 4 4 MHz 

en Equivalent Input Noise Voltage TA = 25°C, RS = lOOn, 20 20 20 nV/VHz 

1= 1000Hz 

in Equivalent Input Noise Current Tj = 25°C, f = 1000 Hz 0.01 0.01 0.01 pA/VHz 

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely. however. more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

Not83: For operating at elevated temperature. these devices must be derated based on a thermal resistance of 0jA. 

Note 4: The LF147 is available in the military temperature range -SSoC ::; TA::; 12SoC, while the LF347B and th~ LF347 are available in the 
commercial temperature range O°C :::; TA::; 70°C. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ±20V for the LF147 and for Vs = t15V 
lor the LF347B/LF347. VOS, IB' and lOS are measured at VCM = O. 

Note 6. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, 
Tj. Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power pissipation. PO' Tj = TA + 0jA Po where 0jA is the thermal resist
ance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common 
practice. 
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Typical Performance Characteristics 

Input Bias Current 
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VS-±15V 
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Supply Current 
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Typical Performance Characteristics (Continued) 

Undistorted Output Voltage 'Open Loop Frequency 

Distortion vs Frequency Swing Response 

0.2 
Vs-±15V I I I I 30 

Vs +15V 160 

TAi25"f I I! 1. 
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120 
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Pulse Response RL = 2 kil, CL = 10 pF 

Small Signal Inverting Small Signal Non-Inverting 
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I-.... .... co co > > 
l- I-::::I ::::I 
Do Do 
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TIME (0.2IlS1oIV) TIM E (0.2 /ls/o IV) 

Large Signal Inverting Large Signal Non-I nverting 
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Application Hints 
The LF147 is an op amp with an internally trimmed 
input offset voltage and JFETinputdevices(BI-FET II™). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 

" 
3-1B 

allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 



Application Hints (Continued) 

high state. In neither case does a latch occur since' 
. raising the input back within the common-mode range 
ag'ain puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli
fier will be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi· 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier is individually biased by a zener reference 
'which allows normal circuit operation on ±4.5V power 
supplies. Supply voltages less than these may result in • 
lower gain bandwidth and slew rate. ' 

The LF147 will drive a 2 kn load resistance to ±10V 
over the full temperature range. If the amplifier is forced 
to drive heavier load currents, however, an increase in 
input offset voltage may occur on the negative voltage 
swing and finally reach an active current limit on both 
positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 

Detailed Schematic 
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backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement. and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick·up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. I n many instances the frequency of this pole is 
much greater than the expected 3 dB frequency' of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less, than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the 'output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con
stant of this capaGitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 

va 



Typical Applications Digitally Selectable Precision Attenuator 

V,N 

Al 

0 
0 

0 

0 

1 

"1 

nl 
150. 

All resistors 1 % tolerance 

A2 A3 Vo 
ATIENUATION 

":" 5Y:rl:0FF 

0 

0 

1 

0 
0 

1 

0 0 
A3 A\ -,- IV ON 
''---------', 
ATTENUATION SElECT INPUTS 

1 -1 dB 

0 -2dB • Accuracy of better than 0.4% with standard 1% value resistors 
1 -3dB • No offset adjustment necessary 
0 -4dB • Expandable to any number of stages 
1 -5dB • Very high input impedance 
0 -6 dB 

-7 dB 

Long Time Integrator ,with Reset, Hold and Starting Threshold Adjustment 

r--'" 

VT".-_____ -o...-" 
o SET THRESHOLD 

16V O-.,.,.""" ..... M~WY-<> -15V 
VOLTAGE 

10k 10k 10k 
THRESHOLD 

ADJUST 

YOUT 

• VOUT starts from zero and is equal to th_e integral of the input voltage with respect to the threshold voltage: 

1 ft 
VOUT = RC 0 (VIN - VTH)dt 

• Output starts when VIN ;::. VTH 
• Switch SI permit. stopping and holding any output value 
• Switch 52 resets system to zero 
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Typical Applications (Co~linued) 

lOOk 
INPUT O-""",MI""4~ 

10k 

Universal State Variable Filter 

For circuit shown: 
fo = 3 kHz, fNOTCH = 9.5 kHz 
a = 3.4 
Passband gain: 

Highpass - 0.1 
Bandpass -1 
Lowpass -1 
Notch -10 

• foxa~200kHz 

, lOOk 

• 10V peak sinusoidal output swing without slew limiting to 200 kHz 
• See LM148 data sheet for design equations 
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OUTPUT' 

NOTCH 
OUTPUT 



II?A National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LF1551LF1561LF157 Series Monolithic 
J FET Input Operational Amplifiers BI·FET Technology 

LF155, LF155A, LF255, LF355, LF355A, LF355B Low Supply Current 
LF156, LF156A, LF256, LF356, LF356A, LF356B Wide Band 
LF157, LF157A, LF257, LF357, LF357A, .LF357B Wide Band Decompensated (AVMIN = 5) 

General Description 
These are the first monolithic JFET input operational 
amplifiers to incorporate well matched, high voltage 
JFETs on the same chip with standard bipolar transistors 
(BI-FET Technology)_ These amplifiers feature low input 
bias and offset currents, low offset voltage and offset 
voltage drift, coupled with offset adjust which does not 
degrade drift or common-mode rejection. The devices 
are also designed for high slew rate, wide bandwidth, 
extremely fast settling time, low voltage and current 
noise and a low llf noise corner. 

Advantages 
• Replace expensive hybrid and module FET op amps 
• Rugged JFETs allow blow-out free handling compared 

with MOSFET input devices 

• Excellent for low noise applications using either high 
or low source impedance-very low llf corner 

• Offset adjust does not degrade drift or common-mode 
rejection as in most monolithic amplifiers 

• New output stage allows use of large capacitive loads 
(10,000 pF) without stability problems 

• Internal compensation and large differential input 
voltage capability 

Applications 
• Precision high speed integrators 
• FaSt D/A and AID converters 
• High impedance buffers 
• Wideband, low noise, low drift amplifiers 
• Logarithmic amplifiers 

Simplified Schematic 

*c = 2 pF on LF157 

• Photocell amplifiers 
• Sample and Hold circuits 

Common Features 
(LF155A, LF156A, LF157A) 

• Low input bias current 
• Low Input Offset Current 
• High input impedance 

30pA 
3pA 

1012,n 
• Low input offset voltage 1 mV 

• Low input offset voltage temperature 3p.V tc 
drift 

• Low input noise current 0.01 pA/v'Hz 
• High common-mode rejection ratio 100 dB 
• Large dc voltage gain 106 dB 

Uncommon Features 
LF155A LF15!lA LF157A 

(Av=5) 

• Extremely 4 
fast settling 
time to 
0.01% 

• Fast slew 
rate 5 

• Wide gain 2.5 
bandwidth 

• Low input 20 
noise voltage 
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12 
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UNITS 

p.s 

V/p.s 
MHz 

nV/YHz 



r-
Absolute Maximum' Ratings LF355B/SB/7B 

LF355A1SAl7 A :::2 LF155A/SAl7A LF155/S/7 LF265/S/7 LF355/6/7 
LF355B/6B/7B c.n 

Supply Voltage ±22V ±22V ±22V ±18V S!! 
Power Dissipation (Pd at 25°C) r-
and Thermal Resistance (OjA) (Note 1) 

:::2 TjMAX 
(H Package) 150°C 150°C 115"C 115°C c.n 
(N Package) 100°C 100°C S! 

(H Package) Pd 670mW 670mW 570mW 570mW r-
8jA 150°CIW 150°CIW 150°CIW 150°CIW ." ...... 

(N Package) Pd 500mW 500mW c.n 
°jA 155°CIW 155°CIW ...... 

Differential Input Voltage ±40V ±40V ±40V ±30V en 
Input Voltage Range (Note 2) ±20V ±20V ±20V ±16V CD 
Output Short Circuit Duration Continuous Continuous Continuous Continuous ::!. 
Storage Temperature Range -65°C to +150°C -65°C to +150°C -65°C to +150°C -65°C to +150°C CD 
Lead Temperature (Soldering, 1 0 seconds) 300°C 300°C 30o"C 300°C 

tn 

DC Electrical Characteristics (Note 3) 

SVMBOL PARAMETER 
LF155A/SA/7A LF355A/SA/7 A 

CONDITIONS UNITS 
MIN TVP MAX MIN TVP MAX 

VOS Input Ollset Voltage RS = 50n, TA = 25°C 1 2 1 2 mV 

Over Temperature 2.5 2.3 mV 

AVOS/AT Average TC of Input RS = 50n 3 5 3 5 p.vfc 

Ollset Voltage 

ATC/AVOS Change in Average Te RS = 50n, (Note 4) 0.5 0.5 p.vfc 

with VOS Adjust permV 

lOS I nput Offset Current Tj = 25°C, (Notes 3, 5) 3 10 3 10 pA 

Tj:£THIGH 10 1 nA 

18 Input Bias Current T J ~ 25°C, (Notes 3,5) 30 50 30 50 pA 

TJ:£THIGH 25 5 nA 

RIN Input Resistance TJ = 25°C 1012 1012 n 

AVOL Large Signal Voltage VS=±15V,TA=25°C 50 200 50 200 V/mV 

Gain Vo = ±10V, RL = 2k 

Over Temperature 25 25 V/mV 

Vo Output Voltage Swing Vs = ±15V, RL = 10k ±12 ±13 ±12 ±13 V 

Vs = ±15V, RL = 2k ±10 ±12 ±10 ±12 V 

VCM Input Common-Mode +15.1 +15.1 V 
VS= ±15V ±11 ±11 

Voltage Range -12 -12 V 

CMRR Common-Mode Rejection 85 100 85 100 dB 

Ratio 

PSRR Supply Voltage Rejection (Note 6) 85 100 85 100 dB 

Ratio 

AC Electrical Characteristics TA=25°C, VS=±15V 

LF155A1355A LF156A1356A LF157A/357A 
UNITS SVMBOL PARAMETER CONDITIONS 

MIN TVP MAX MIN TV? MAX MIN TVP MAX 

SR Slew Rate LF155A/6A; AV = 1, 3 5 10 12 V//.ls 

LF157A; AV = 5 40 50 V/p.s 

GBW Gain Bandwidth 2.5 4 4.5 15 20 MHz 

Product 

ts Settling Time to 0.01% INote 7) 4 1.5 1.5 /.ls 

en Equivalent Input Noise RS = lOOn 

Voltage 1= 100 Hz 25 15 15 nV/$> 

1= 1000Hz 25 '12 12 nV/$> 

in Equivalent Input 1= 100 Hz 0,01 0.01 0.01 pAl$> 

Noise Current 1= 1000 Hz 0.01 0,01 am pM/Hz 

CIN I nput Capacitance 3 3 3 pF 
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DC Electrical Characteristics (Note 3) 

LFI5516n 
LF255/6n 

LF35516n 
SYMBOL PARAMETER CONOITIONS LF355BI6BnB UNITS· 

MIN TYP MAX MIN TVP MAX MIN TVP MAX 

VOS Input Offset Voltage RS = 50n, TA = 25·C 3 5 3 5 3 10 mV 

Over Temperature 7 6.5 13 mV 

/:;VOS//:;T Average TC of Input RS = 500 5 5 5 p.vfc 

Offset Voltage 

/:;TCI/:;Vos Change in Average TC RS = 50n, (Note 4) 
/ 

0.5 . 0.5 0.5 p.vfc 

with Vas Adjust permV 
, " 

lOS Input Offset Current Tj = 25·C, (Notes 3, 5) 3 20 3 20 3 50 pA 

Tj:STHIGH 20 1 2 nA 

IB Input Bias Current TJ = 25·C, (Notes 3,5) 30 100 30 100 30 200 pA 

TJS;THIGH 50 5 8 nA 

RIN Input Resistance TJ = 25·C 1012 1012 1012 n 

AVOL Large Signal Voltage VS= ±15V, TA = 25·C 50 200 50 200 25 200 WmV 

Gain Va = ±10V, RL = 2k 

Over Temperature 25 25 15 V/mV 

Va Output Volt~ge Swing Vs = ±15V, RL = 10k ±12 ±13 ±12 ±13 ±12 ±13 V 

Vs = ±15V, RL = 2k ±10 :t12 ±10 ±12 ±10 ±12 V 

VCM Input Common·Mode +15.1 +15.1 +15.1 V 
Vs = ±15V ±11 ±11 ±10 

Voltage Range -12 -12 -12 V 

CMRR Common·Mode Rejec- 85 100 85 100 80 100 dB 

tion Ratio 

PSRR Supply Voltage Rejec- (Note 6) 85 100 85 100 80 100 dB 

Ratio 

DC Electrical Characteristics TA = 25°C, Vs = ±15V . 
LF155A1155. 

LF156A1156, LF157AI157 
LF255. LF355 LF356AI356 LF357AI357 

PARAMETER 
LF355AI355B 

LF2561356B LF2571357B UNITS 

TYP J MAX TYP I MAX TYP I MAX TYP I MAX TYP I MAX TYP I MAX 

Supply Current 2 I 4 2 I 4 5 I 7 5 10 5 7 5 I 10 mA 

AC Electrical Characteristics T A = 25°C. Vs = ±15V 

LF1551255/ LF15G1256, LF156/2561 LFI57/257. LF157/2571 
SYIIo1BOL PARAMETER CONOITIONS 355/355B LF35GB 3561356B LF357B 357(357B UNITS 

TYP MIN TYP MIN TVP 

SR Slew Rate LF155/6: AV = 1, 5 7.5 12 V/p.s 

LF157: AV = 5 30 50 V/p.s 

GBW Gain Bandwidth 2.5 5 20 MHz 

Product 

ts Settling Time to 0,01 % (Note 7) 4 1.5 1.5 p.s 

en Equivalent Input Noise RS= lOon 

Voltage f = 100 Hz 25 15 15 nVI$. 

f= 1000Hz 20 12 12 nVI$. 

in Equivalent Input f=100Hz 0.01 0.01 0.01 pAl$. 

Current Noise f=1000Hz 0·01 0.(11 0.01 pAl$. 

CIN Input Capacitance 3 
. 

3 3 pF 
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Notes for Electrical Characteristics 
Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX, OjAr and the 
ambient temperature, T A. The maximum available power dissipation at any temperature is Pd = (TjMAX - T AI/OjA or the 250 C PdMAX, which· 
ever is less. 
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: Unless otherwise stated, these test conditions apply: 

LF155A/SA/7A 
LF255/S/7 LF355A1SA/7 A' L F355B/SB/7B LF355/S/7 LF155/S/7 

Supply Voltage, Vs ±15V ~ Vs ~ ±20V ±15V ~ Vs ~ ±20V ±15V ~ Vs ~ ±18V ±15V ~ Vs ±20V Vs = ±15V 

TA -55"C ~ TA ~ +125"C -25"C ~ TA ~ +BS"C 0"C~TA~+70"C 0"C~TA~+70"C O"C~TA~+70"C 

THIGH +125"C +85"C +70"C +70"C +70"C 

and VOS, IB and lOS are measured at VCM = O. 
Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (O.5J.LVrC tYlJically) for each mV of 
adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 

Note 5: The input bias currents are junction leakage currents which approXimately double for every 10"C Increase In the junction temperature, TJ. 
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj == T A + (~)jA Pd where 8jA is the thermal 
resistance from junction to ambient. Use of a heat sink is recommended if input bias current IS to be kept to a minimum. 
Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common 
practice. 

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kn resistors for the LF155/6. It is the time required for the error 
voltage (the voltage at the inverting Input pin on the amplifier) to settle to within 0.01 % of its final value from the time a 10V step input is applied 
to the Inverter. For the LF 157, AV .=: -5, the feedback resistor from output to Input IS 2 kn and the output step is 10V (See Settling Time Test 
Circuit, page 3·30). 

Typical DC Performance Characteristics 
Curves are for LF155, LF156 and LF157 unless o,herwise specified. 
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Typical DC Performance Characteristics (Continued) 
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Typical AC Performance Characteristics 
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Typical AC Performance Characteristics (Continued) 
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Q) 'Typical AC Performance Characteristics (Continued) ·C 
Q) 
en 
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Lt) 

u: 
..J 
Cis 
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u: 
..J 
ii5 
Lt) 

u: 
..J 

·Output Impedance 

1000 "-__ ==:-:-__ ..,,._ 

§: 100 

10 

0.1 
1k 10k lOOk 1M 

FREQUENCY (Hz) 

Detailed Schematic 

Output Impedance 

100 

§ 10 

!; 

~ 0.1 

0.01 Ll.illllllL..J..J.J..IJJ.Lll.-L-U.WJJL-L..J.J..LLlill 

10M lk 10k lOOk 1M 10M 

FREQUENCY (Hz) 

Ou~put Impedance 

FREQUENCY (Hz) 

,----------------1------------,---------------,--------1r---------------Q+vcc 

BALAIliCE 

R1 

'" 

171 

L---~~------~------~--~~------~------~----_4--_4--_+----~--~--~--~------_o-VEE 

*C = 2 pF on LF157 

Connection Diagrams (Top Views) 

LF155AH 
LF155H 
LF255H 
LF355AH 
LF355H 

Order Number 
LF156AH 
LF156H 
LF256H 
LF356AH 
LF356H 

LF157AH 
LF157H 
LF257H 
LF357AH 
LF357H 

See NS Package HOBC 

Metal Can Package (H) 

NC 

v-
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DuaHn'Line Package (N) 

NC 

v' 

OUTPUT 

BALANCE 

Order Number LF355N. LF356N 
or LF357N 

See NS Package N08B 
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Application Hints 

The LF155/6/7 series are op amps with JFET input 
devices. These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore large 
differential input voltages can easily be accomodated 
without a large increase in input current. The maximum 
differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should 
be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a 
destroyed unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common·mode 
limit on both inputs will force the amplifier output to a 
high state. In neither case does a latch occur since 
raising the input back within the common· mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common·mode limit on a single 
input will not change the phase of the output however, 
if both inputs exceed the limit, the output of the 
amplifier will be forced to a high state. 

These amplifiers will operate with the common·mode 
input voltage equal to the positive supply. In fact, the 
common-mode voltage can exceed the positive supply by 
approximately 100 mV independent of supply voltage 
and over the full operating temperature range. The 
positive supply can therefore be used as a reference on 
an input as, for example, in a ~upply current monitor 
and/or limiter. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 

Typical Circuit Connections 

Vos Adjustment 

v· 

v-

• Vas is adjusted with a 25k 
potentiometer 

• The potentiometer wiper is 
connected to V+ 

Driving Capacitive Loads 

5k 

*LF155/6 R = 5k 
LF157 R = 1.25k 

in polarity or that the ·unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
inpUt op amps they do not require special handling. 

All of the bias currents in these amplifiers are set by FET 
current sources. The drain currents for the amplifiers are 
therefore essentially independent of supply voltage. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pickup" and maximize the 
frequency of the feedback pole -by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback pole 
is less than approximately six times the expected 3 dB 
frequency a lead capacitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time 
constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 

LF157. A Large Power BW Amplifier 

'Ok 

1k 
V'N 0-...,./1,-..... , 

V-

For distortion < 1 % and a 20 Vp·p 
VOUT swing. power bandwidth is: 
500 kHz. 

• For potentiometers with 
temperature coefficient of 
100 ppmf C or less the 
additional drift with adjust 
is '" 0.5 /lVrC/mV of 
adjustment 

Due to a unique output stage design, these ampli
fiers have the ability to drive large capaCitive loads 
and still maintain stability. CL(MAX) '" 0.Q1 /IF. 

• Typical overall drift: 5 /lV/ 
·C ±(0.5 /lVrC/mV of 
adj.) . 

Overshoot::; 20% 

Settling time (ts) '" 5 /lS 
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Typical Applications 

IOVS 
o 5k 01% 

*1.0k:O:1% 

2k.D.1% 
*400,0.1% 

Zk,O.l% 

+15V 

Settling Time Test Circuit 

VOUT 
• Settling time is tested with the LF155/6 connected 

as unity gain inverter and LF157 connected for 
AV=-5 

• F ET used to isolate the probe capacitance 
-15Vo-~~---I-------.J • Output = 10V'step 

• AV = -5 for LF157 
SUMMING 

NODE ---... 5k,0.1% 

Large Signal Inverter Output, VOUT (from Settling Time Circuit) 

LF355 

2ps!DlV 

25~~ ).1------....1 

v+" lSV 

LF356 LF357 

l/.1s/DiV l,us/DIV 

Low Drift Adjustable Voltage Reference 

• AVOUT/,n = ±o.oo2%fC 
• All resistors and potentiometers should be wire-wound 

.3 
180k 

• P1: drift adjust 

• P2: VOUT adjust 

• Use LF155 for 
• Low 18 
... Low drift 

.. Low supply current 
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Typical Applications (Continued) 

+15V 

Fast Logarithmic Converter 

'" 'Ok 
r-----..----"OMr: __ :::::::-O VRn- 5V 

t, 

Vo 

• Dynamic. rarige: 100 ~A ~ Ii ~ I mA 
(5 decades), 1VOI = IV/decade 

• Transient response: 3 ps for .6.li = 1 decade 
• CI, C2, R2, R3: added dynamic compen

sation 
• VOS adjust the LFI56to minimize quiescent 

error 

• RT: Tel Labs type 081 + 0.3%!"C 

[ R2) kT [Rr I IVOUTI= 1+- - In Vi ---
RT q VREF Ri 

log Vi Ri 'r R2 = 15.7k, RT = Ik, 0:3%/'C (for temperature compensation) 

Precision Current Monitor 

., 
V·O--4 ....... W."..+'-I 

Vo 

., SYSTEM • .vo = 5 RI/R2 (V/mA of IS) 
• RI, R2, R3: 0.1% resistors 
• Use LFI55 for 

... Common-mode range to supply range 

... low 18 
'N@U~--------~ .. LowVOS 

.3 

" 

EO 

+9.920 

+0.040 

-0.040 

-9.920 

... Low supply current 

a-Bit 0/ A Converter with Symmetrical Offset Binary Operation 

Bl 

1 

1 

0 

0 

-15V 

"1 
5k 

15V 

EO 

• RI, R2 should be matched within ±0.05% 
• Full-scale response time: 3IJs 

B2 B3 B4 B5 B6 B7 B8 COMMENTS 

1 1 1 1 1 1 1 Positive Full-Scale 

0 0 0 0 0 0 0 (+) Zero-Scale 

1 1 1 1 I 1 I (-) Zero-Scale 

0 0 0 0 0 0 0 Negative Full-Scale 
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Typical Applications (Continued) 

AI 
s.n 

Wide BW Low Noise, Low Drift Amplifier 

.2 

A2 

fMAX ~ 240 kHz 

AI -~:~~ 

v-

• Power BW: fMAX = l '" 240 kHz 
2"Vp 

• Parasitic input capacitance C1 9:: (3 pF for 
LF155, LF156 and LF157 plus any additional 
layout capacitance) interacts with feedback 
elements and creates undesirable high frequency 
pole. To compensate add C2 such that: R2C2", 
RICI. 

Boosting the LF156 with a Current Amplifier 

A2 
5.1k 

v· 

• IOUT(MAX) '" 150 mA (will drive RL <: lOon) 
l>VOUT 0.15 

• ----aT = 10-2 VII's (with CL shown) 

• No additional phase shift added 'by the current amplifier 

3 Decades VCO 

Al 
s.n 

vpu- sv 

A' lD' 

f= VC(R8+R7) ,O~VC~30V,10Hz~f~10kHz 
[8 VPU R8 Rll C 

Rl, R4 matched. Linearity 0.1% over 2 'decades. 
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+Z~J: 
- 2V..J 

• Overshoot 6% 

• ts 10l's 

Isolating Large Capacitive Loads 

...------... -""I""-.... -oVO.T 

v-

• When driving large CL, the VOUT sle,!" rate deter
mined by CL and IOUT(MAX): 

V,. 

0.02 V II's = 0.04 V II's (with CL shown) 
0.5 

Low Drift Peak Detector 

2D. 

VpEAK 

• By adding 01 and Rf, VOl = 0 during hold mode. Leakage of 
02 provided by feedback path through Rf. 

• Leakage of circuit is essentially Ib (LF155, LFI56) plus capaci
tor leakage of Cpo 

• Diode 03 clamps VOUT (Alita VIN-V03 to improve speed and 
to limit reverse bias of D2. 

• Maximum input frequency should be « 1/2"RfC02 where 
C02 is the shunt capacitance of 02. 

Non-Inverting Unity Gain Operation for LF157 

A2 

RIC <: (2,,) (5 MHz) 

Rl = R2 + RS 
4 

AV(OC) = 1 

1_3 dB ~ 5 MHz 

Inverting Unity Gain for LF157 

A2 

RIC? (2,,) (5 MHz) 

R2 
Rl= -

4 

AV(OC) =-1 
f_3 dB ~ 5 MHz 



Typical Applications (Continued) 

v,N 

+ 

High Impedance, Low Drift Instrumentation Amplifier 

+15V 

., 

+15\( 

., 

., 
+1SV 

., 

-15V 

VOUT 

R3 [2R2 ] • VOUT=""R R1 + 1 ~V,V-+2Vs.VINcommon-modeS.V+ 

• System VOS adjusted via A2 VOS adjust 
• Trim R3 to boost up CMRR to 120 dB. Instrumentation amplifier 

Resistor array RA201 (National Semiconductor) recommended 

Fast Sample and Hold 

~ 7 +15V 

+15V 

I ., I I 
100k 

I L_ sw' 
I JFET SWITCHES 

I lF11331 ,W, ". A~D134 

-lOUT 

T Ch 
-15V 

-15V 

VOUT 

• Both amplifiers (A 1, A2) have feedback loops individually closed with stable responses (over-
shoot negligible) • • 

• Acquisition time TAl estimated by: 

[ 2RON,VIN,Ch] 1/2 
T A '" Sr provided that: 

VIN < 2"Sr RON Ch and TA > VINCh , RON is of SW1 
IOUT(MAX) 

If inequality not satisfied: TA '" VIN Ch 
20mA 

• LF156 developes full Sr output capability for VIN?' lV 
• Addition of SW2 improves accuracy by putting the voltage drop across SWl inside'the feedback 

loop 

• Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2 
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en .! Typical Applications (Conti~ued) 
~ ~--~~~ 
..... 
II) 

lL 
....I ca 
II) 

lL 
....I 
Lis 
II) 

lL 
....I 

+1SV 

R' 
i'k 

+15V 

~:"""'-OYOUT 

-15V 

• By closing the loop through A2, the VOUT accuracy will be determined uniquely by A1. 
No VOS alliust required for A2. 

• T A can be estimated by same considerations as previously but, because of the added 
propagation delay in the feedback loop (A2) the overshoot is not negligible. 

• Overall system slower than fast sample and hold 
• R 1, CC: additional compensation 
• Use LF156 for 

• Fast settling time 

.. LowVOS 

C, 
O.G01IJ.F 

High Q Band Pass Filter 

R6 
12k 

'pF 

• By adding positive feedback (R2) 
a increases to 40 

• fap = 100 kHz 

'.>:.... .... -OYDUT 
VOUT = 10v'0 

VIN 

":'" -15V 

High Q Notch Filter 

'.>'::""'--0 YDUT 
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• Clean layout recommended 

• Response to a 1 Vp·p tone burst: 
300!,s 

• 2R1 = R = 10 Mn 
2C = C1 = 300 pF 

• Capacitors should be matched to obtain high Q 

• fNOTCH = 120 Hz, notch = -55 dB, Q > 100 
• Use LF155 for 

.. Low la 

.. Low supply current 



~National Operational Amplifiersl Buffers 
~ Semiconductor 
LF351 Wide Bandwidth JFET 
Input Operational Amplifier 
General Description 
The LF351 is a low cost high speed JFET input opera
tional amplifier with an internally trimmed input offset 
voltage (BI·FET UTM technology). The device requires a 
low supply current and yet maintains a large gain band· 
width product and a fast slew rate. In addition, well 
matched high voltage JFET input devices provide very 
low input bias and offset currents. The LF351 is pin 
compatible with the standard LM741 and uses the same 
offset voltage adjustment circuitry. This feature allolol(s 
designers to immediately· .upgrade the overall perfor· 
mance of existing LM741 designs. 

The LF351 may be used in applications such as high 
speed integrators, fast D/A converters, sample·and·hold 
circuits and many other circuits requiring low input 
offset voltage, low input bias current, high input imped· 
ance, high slew rate and wide bandwidth. The device 
has low noise and offset voltage drift, but for applica-

Typical Connection 

BI.FET "TM Technologv 

tions where these requirements are critical, the LF356 is 
recommended. If maximum supply current is important, 
however, the LF351 is the better choice. 

Features 
• Internally trimmed offset voltage 

• Low Input bias current 

• Low Input noise voltage 

• Low Input nols~ current 

• Wide gain bandwidth 

• High slew rate 

• Low supply current 

• High Input Impedance 

10mV 

50pA 

16nV/v'"l:Iz 

0.Q1 pAlv'"Hz 

4MHz 

13 VII's 

1.8mA 
1012Q 

• Low total harmonic distortion AV = 10, <0.02% 
RL=10k, Vo =20Vp·p, BW=20Hz·20kHz 

• Low 1/f noise corner 
• Fast settling time to 0.01 % 

Simplified Schematic 

50Hz 

21's 

VCCo-------~------------.-----_, 

VCC 

Rj 

Connection Diagrams (Top Views) 

Metal Can Package 

NC 

INVE~J:~~ 2 

V-
Note. Pin 4 connected to case. 

Order Number LF351H 
See NS Package HOSC 

INTERNALL Y 
TRIMMED 

INTERNALL Y 
TRIMMED 

-VEE 0---..... ------.... --------.... ----..... 

BALANCE 

INPUT 

INPUT 

v-
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Dual·ln·Line Package 

TOP VIEW 

Order Number LF351N 
See NS Package NOSA 

NC 

v+ 

OUTPUT 

BALANCE 

Vo 



u; 
C") 
LL 
...J 

Absolute Maximum Ratings 
, 

Supply Voltage ±18V 
Power Dissipation (Note 1) 500mW 
Operating Temperature Range O·Cto + 70·C 

Tj(MAX) 115·C 
Differential Input Voltage ±30V 
Input Voltage Range (Note 2) ±15V 
Output Short Circuit Duration. Continuous 
Storage Temperature Range -65·Cto +l50·C 
Lead Temperature (Soldering, 10 seconds) 300·C '. , 

DC Electrical Characteristics (Note 3) 

LF351 
SYMBOL PARAMETER CONDITIONS 

MIN TYP MAX 
UNITS 

.. 

VOS Input Offset Voltage RS=10kQ, TA=25·C 5 10 mV 
, 

Over Temperature 13 mV 

(NOS/AT Average TCof Input Oflset RS=10kQ. 10 ,NI·C 
Voltage 

lOS Input Offset Current Tj = 25 ·C, (Notes 3, 4) 25 100 pA 
Tj" 70·C 4 nA 

IB Input Bias Current Tj = 25 ·C, (Notes 3, 4) 50 200 pA 
Tj" 70·C 8 nA 

RIN Input Resistance Tj =25·C 1012 Q 

AVOL Large Signal Voltage Gain VS= ±15V, TA=25·C 25 100 V/mV 
VO= ±10V, RL=2kQ 

15' Over Temperature V/mV 

Vo Output Voltage Swing VS= ±15V, RL=10kQ ±12 ±13.5 V 

VCM Input Common·Mode Voltage 
VS= ::!:15V ± 11 +15 V 

Range -12 V 

CMRR Common·Mode Rejection Ratio RS" 10kQ 70 100 dB 

PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB 

IS Supply Current 1.8 3.4 mA 

AC Electrical Characteristics (Note 3) 

LF351 
SYMBOL PARAMETER CONDITIONS 

MIN TYP MAX 
UNITS 

SR Slew Rate VS= ±15V, TA=25·C 13 I//,..s 

GBW Gain Bandwidth Product VS= ±15V, TA=25·C 4 MHz 

en Equivalent Input Noise Voltage - TA=25·C, RS=10OQ, 16 nV/VHz 
1=1000Hz 

in Equivalent Input Noise Current Tj = 25·C, I = 1000Hz 0.01 pA/VHz 

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 150 ·CfW junction to ambient 
or 45·CfW junction to case. . , 
Note 2: Unless otherwise specified the absolute maximum negative input voltage Is equal to the negative power supply voltage. 
Nota 3: These specifications apply for VS= ±15V and O·C '" TA '" +70·C. VOS, 18 and lOS are measured at VCM =0. 
Note 4: The input bias currents are junction leakage currents which approximately double for every 10·C increase in the junction tem· 
perature, Tj. Due to the limited production test time, the input bias currents measured are correlated to junction temperature. In normal 
operation fhe junction temperature rises above the ambient temperature as a result of Internal power dissipation, PD. Tj =TA +ajA Po 
where ajA Is the thermal resistance from junction to ambient. Use of a heat sink Is recommended if input bias current is to be kept to a 
minimum. 
Note 5.: Supply voltage rejection ratio is measured for both supply mag'nitudes increasing or decreasing simultaneously in accordance 
with common practice. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

Undistorted Output Voltage 

Distortion vs Frequency Swing Open Loop Frequency Response 

0.2 3lI 120 
Vs.,,5V Vs= ± 15V 

i--~ R~ =2k' 0.175 I RL=2k ;;; 
T~ =25;C I I TA = 25°C '" 100 VS'±15V-

0.15 
z 

I\.. 
TA = 25°C .. AV'I ;;: 

~ 0.125 i 20 .. 80 ~VO=20~P" I \<I%DIST w .. r\. .. w " 0: 0.1 .. ~ 60 .. 
~ ~ AV"OO " .. ~ > \. In 0.075 .. 10 

~ 

40 c; > .. 
0.050 

I- ~ 
AV= 10:117 ~ z .1\.. 

0.025 ~ 20 .. .. 
f\. , 

0 0 0 
10 100 Ik 10k lOOk 10k lOOk 1M I 10 100 Ik 10k lOOk 1M 10M 

FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 

Common-Mode Rejection Power Supply' Rejection Equivalent Input Noise 

Ratio Ratio Voltage 

;;; 120 ;;; 140 ~ 70 

'" r-+-.... Vs = ±15V 

'" VS'" :!:.15V ~ .. RL =2k .. 120 60 
0: 100 TA' ,25°C w 

I _ I b TA=25°C 
0: I'-,. .. 

~ " " .. 100 ~ 50 

'" 

"'" 
.. 80 

f?FkVl '''' 
ill r..... .. 

~ ~ 
80 

> 40 w 

80 ...... i'.. ,"" +sUPPLY 
~ c; .. ~ ~ I. "- .. 60 '" 30 

w 

i '\ ~ ~ .. 40 I r 

~ CMRR' 20 LOG ~ + OPEN LOOP 40 !i 20 

'" VCM -SUPPLY'\ 

" 
I-.. 20 

VOL rAGE jAIN I 1 
1 

ffi 20 ~ 10 .. 
I"'-.. 

~ " 8 0 
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Pulse Response 

Small Signal Inverting Small Signal Non-Inverting 

> > 
is is 
:> :> 
E E 

co co e e 
'" '" z z 
iii 3E 

'" ... ... 
'" '" «( «( 
l- I-
-' -' Q co > > 
l- I-

'" '" ... ... 
l- I-

'" '" Q Q 

TIME (O.2I's/DIV) TIME (O.2I's/DIV) 

Large Signal Inverting Large Signal Non-I nverting 

> > e is 
:> > e e 

'" '" z z 
iii ~ ... ... 

'" '" ~ «( 
I-

-' -' 
Q Q 
,> > 
l- I-

'" '" ... ... 
l-I-

'" '" Q, Q 

TIME (2 ps/DIV) TIME (2I's/DIV) 

Current Limit (RL = 10Dn) 

TIME (5I's/DIV) 

Application Hints 
The LF351 is an op amp with an internally trimmed 
input offset voltage and JFETinput devices (BI-FET II™). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 

3-39 

allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative comm'on-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 



Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the input back within the common·mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common·mode limit on a single 
inpu't will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli· 
fier will be forced to a high state. 

The amplifier )lViII, operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

The LF351 is biased by a zener reference which allows 
normal circuit operation on ±4V power supplies. Supply' 
voltages less than these\ may result in lower gain band
width and slew rate. 

Th'e LF351 will drive a 2 kn load resistance to ±10V 
over,the full temperature range of O°C to +70°C. If the 
amplifier is forced to drive heavier load currents, how
ever, an increase in input offset voltage may occur on 
the negative" 'voltage swing and finally reach an active 
current limit on, both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently .installed 

Deta iled Schematic 

backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not 'require special handling. 

As with most amplifiers, care should 'be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to ,minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In ,many instances the frequency of this pole is 
much greater' than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the' feedback 
pole is 'less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that ,the R C time con
stant of this capacitor and the resistance it paraflels 
is greater than or equal to the ,original feedback pole 
time constant. 

VCCo-------------t-------------~~--~------~------------------~ 

Vos 
ADJUST 

03 

~VEEo---_e----_4~--_e--------~~--~--~e_--~----~--_4~------~~--~ 
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Typical Applications 

Supply Current Indicator/Limiter 

RS 

VSUPPl y o--4 ..... _""""~ .... ---J-----+ ~~~;!~~!~~~~ELC~,ON 

IN914 

's 
+ 
Vo 

RI 

V-

• VOUT switches high when RSIS > Va 

Ultra· Low (or High) Duty Cycle Pulse Generator 

IN914 RI 

IN914 R2 
"'-i~I--...J<VIi"""'-4~-o OUTPUT 

V+ 

C* 

T 

• tOUTPUT HIGH ~ RIC Qn 

• tOUTPUT LOW ~ R2C Qn 

where Vs = V+ + IV-I 

*Iow leakage capacitor 

V+ 

1M 1M 

1M 

4.8 -2Vs 

4.8 - Vs 

2VS-7.8 

Vs -7.8 

RESET 

--1 
INTEGRATE 
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Hi-ZIN Inverting Amplifier 

C2 

R2 

Parasitic input capacitance C1 2:0: (3 pF for LF351 
plus any additional layout capacitance) interacts 
with feedback elements and creates undesirable 
high frequency pole. To compensate, add C2 such 
that: R2C2" R1CI. 

Long Time Integrator 

---.., 

C· 

* Low leakage capacitor 

1 '2 
VOUT = - r VIN OIT 

RC J 
'1 

• 50k pot used for less sensitive Vas adjust 
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~ ~National 
~ ~ Semiconductor 

Operational Amplifiers/Buffers 

LF353 Wide Bandwidth Dual 
J FET Input Operational Amplifier BI-FET II ™ Technology 

General Description 
These devices are low cost, high speed, dual JFET Input 
operational amplifiers with an Internally trimmed input 
offset voltage (BI-FET IITM technology)_ They require low 
supply current yet maintain a large gain bandwidth 
product and fast slew rate_ In addition, well matched 
high voltage JFET Input devices provide very low input 
bias and offset currents. The LF353 Is pin compatible 
with the standard LM1558 allowing designers to 
immediately upgrade the overall performance of existing 
LM1558 and LM358 designs. 

These amplifiers may be used in applications such as 
high speed integrators, fast DIA converters, sample and 
hold circuits and many other circuits requiring low input 
offset voltage, low Input bias current, high input Imped
ance, high slew rate and wide bandwidth_ The devices 
also exhibit low noise and offset voltage drift. 

Typical Connection 

R, 

R; 

Simplified Schematic 

1/2 Dual 
Vcco---~~----~~----. 

IfHERNALLY 
TRIMMED 

INTERNALLY 
TRIMMED 

-VEE O--....... --..... ---~~----I 

Vo 

Features 
• Internally trimmed offset voltage 10mV 

50pA 

16nV/vHz 
0,01 pAlVHz . 

4MHz 

• Low Input bias current 

• Low Input noise voltage 
• Low Input noise current 

• Wide gain bandwidth 

• High slew rate 13 V/"s 
• Low supply current 3.6 mA 

• High Input Impedance 1012Q 

• Low total harmonic distortion AV = 10, <0.02% 
RL=10k, Vo =20Vp-p, BW = 20Hz-20kHz 

• Low 1/f noise corner 
• Fast settling time to 0.01 % 

Connecti~n Diagrams 

LF353H Metal Can Package (Top View) 
v' 

6 INVERTING 
INPUT B 

v-

Order Number LF353H 
See NS Package H08C 

50Hz 

2"s 

LF353N Dual-In-Line Package (Top View) 
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OUTPUT A v' 

INVERTING INPUT A OUTPUT I 

. 'NON·INVERTING 3 
INPUT A 

INVERTING INPUT I 

• NON·INVERTING V-
INPUTI 

Order Number LF353N 
See NS Package N08A 



Absolute Maximum Ratings 

Supply Voltage Input Voltage Range (Note 2) 
Output Short Circuit Duration 
Storage Temperature Range 

Power Dissipation (Note 1) 
Operating Temperature Range 
Tj(MAX) 

±18V 
500mW 

O·Cto +70·C 
115·C 
±30V 

Lead Temperature (Soldering, 10 seconds) 

±15V 
Continuous 

-65·Cto +150·C 
300·C 

Differential Input Voltage 

DC Electrical Characteristics (Note 4) 

LF353 
SYMBOL PARAMETER CONDITIONS 

MIN TYP MAX 
UNITS 

J 

VOS Input Offset Voltage RS=10kQ, TA=25·C 5 10 mV 
Over Temperature 13 mV 

I1VOS/t.T Average TC 01 Input Offset RS=10kQ 10 ",V/·C 
Voltage 

lOS Input Offset Current Tj = 25 ·C, (Noles 4, 5) 25 100 pA 
Tj,.70·C 4 nA 

IB Input Bias Current Tj = 25 ·C, (Notes 4, 5) 50 200 pA 
Tj,.70·C 8 nA 

RIN Input Resistance, Tj =25·C 1012 Q 

AVOL Large Signal Voltage Gain VS= ±15V, TA=25·C 25 100 V/mV 
VO= ±10V, RL=2kQ 
Over Temperature 15 V/mV 

Vo Output Voltage Swing VS= ±15V, RL=10kQ ±12 ±13.5 V 

VCM Input Common-Mode Voltage 
VS= ±15V ± 11 +15 V 

Range -12 V 

CMRR Common-Mode Rejection Ratio RS" 10kQ 70 100 dB 

PSRR Supply Voltage Rejection Ratio' (Note 6) 70 100 dB 

IS Supply Current 3.6 6.5 mA 

AC Electrical Characteristics (Note 4) 

LF353 
SYMBOL PARAMETER CONDITIONS 

MIN TYP MAX 
UNITS 

Amplilier to Ampli"fier Coupling T A = 25 ·C, 1 = 1 Hz- -120 dB 
20kHz (Input Relerred) 

SR Slew Rate VS= ±15V, TA=25·C 13 V/",s 

GBW Gain Bandwidth Product VS= ±15V, TA'=25·C 4 MHz 

en El1uivalent Input Noise Voltage TA=25·C, RS=100Q, '16 nV/VHz 
1 = 1000Hz 

in Equivalent Input Noise Current Tj=25·C, 1 = '1000 I-!z 0.01 pAlVHz 

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 160 ·C/W junction to ambient 
for the 'N package, and 150·C/W junction to ambient for the H package. 
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
Note 3: The power dissipation limit, however, cannot be exceeded. 
Note 4: These specifications apply for VS= ±15V and O·C" TA" +70·C. VOS, 18 and lOS are measured at VCM =0. 
Note 5: The input bias currents are junction leakage currents which approximately double for every 10·C increase In the junction tem
perature, Tj. Due to the limited production test time, the input bias currents measured are correlated to junction temperature. In normal 
operation the junction temperature rises above t~e ambient temperature as a result of internal power dissipation, PD. Tj = TA + ajA Po 
where ajA is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a 
minimum. 
Note 6.: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance 
with common practice. 
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Typical Performance Characteristics 
, Input Bias Current 

100 VS" '15V-I---1r-+--+-I--I 
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Typical Performance Characteristics (Continued) 

Undistorted Output Voltage 

Distortion vs Frequency Swing Open Loop Frequency Response 

0.2 30 120 
Vs' ,15V Vs = '15V - f'\. R~ =2kl 

0.175 "f RL =2k = TA =25"C 1 1 ~ 100 Vs: ,15V-
0.15 

1 1 . 2: '\ TA=25"C z TA=25"C .. AV= I ~ ~ ;< z 20 80 i" 0.125 ~VOi20~P'P ~ \<1% DIST w .. I\. CI w .. 
;:: 0.1 '" 1\ 

~ 60 
'" .. CI 
CI ~ ~ Av=IOO ~ > I\. t; 0.015 ~ 

2i > 10 CI 40 

0.050 
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~ 0.025 ~ 20 
A" CI 

I\. 
0 0 0 
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Common-Mode Rejection Power Supply Rejection Equivalent I nput Noise 

Ratio Ratio Voltage 

120 140 ~ 70 lit -I-- lit 
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:li .. 
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.. 
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1 
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Open Loop Voltage Gain (V!V) Output Impedance Inverter Settling Time 
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1/ 
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C") 
II) 
C") 
LL. 
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Pulse Response 

Small Signal Inverting Small Signal Non-Inverting 

:; :; 
Ci Ci > > 
E E 

r::t r::t 
!!! !!! 

'" '" 2 2 

~ ~ ... ... 
'" '" < < l- I-
-' -' 
0 0 
> > 
l- I-= :::::I a- . a-
l- I-= = 0 0 

TIME (0.2 ps/DlV) 

Large 'Signal Inverting Large Signal Non-Inverting 

:; :; 
Ci Ci 
> > 
!!! !!! 

'" '" 2 2 

~ ~ ... ... 
'" '" < < 

.1- I-
-' -' 
0 0 
> > 
l- I-
:::::I = a- a-
l- I-
:::::I = 0 0 

TIME (2 ~s/OIV) TIME (2 pslOIV) 

Current Limit (RL = 100m 

TIME (5 ps/DIV) 

Application Hints 
These devices are op amps with an internally trimmed 
input offset voltage and JFET input devices (BI-FET II). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated 'without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply' voltages. 
However, neither of the input voltages should be 

allowed to exceed the negative supply as this will cause' 
large currents to flow which call result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a' reversal of the phase to the output 

. and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 
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Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the input back within the common·mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common·mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli· 
fier will be forced to a high state. 

The amplifiers will operate with a common·mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi· 
tion. When the' negative common·mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4V power 
supplies. Supply voltages less than these may result in 
lower gain bandwidth and slew rate. 

The amplifiers will drive a 2 kn load resistance to ±10V 
over the full temperature range of O°C to + 70°C. If the 
amplifier is forced to drive heavier load currents, how
ever, im increase in input offset voltage may occur on 
the negative voltage swing and finally reach an active 
current limit on both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 

Detailed Schematic 

backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input shOUld be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedb,ack around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain aYld consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con
,stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 

VCcO-------------~--------------_t----~------~--------------------~ 

Vo 

-VEEo---__ ----~~--__ --------~~--~----t_--~----~--~~------~t_----~ 
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CW) 

~ Typical Applications 
U. 
..oJ 

'" ~ 
'" ;;: 
'" 

Three-Band Active Tone Control 

BOOST ~ CUT 

1.Bk 

+20 

+15 

+10 

+5 

J 1111111 (NOTE 41 IIIII 11111 
(NOTE 21 1'\ IIIV IIIII 

~JhTJilm 
~ 

-5 

-10 

-15 

-20 

..... 1111 
"- IIIII 

UW 
/ ~nm 

~1\1liE 5 IIIII 
10 100 lk 10k lOOk 

FREQUENCY (HzI 

Note 1: All controls flat. 
Note 2: Bass and treble boost, mid flat. 
Note 3: Bass and treble cut, mid flat. 
,Note 4: Mid boost, bass and treble flat. 

Note 5: Mid cut, bass and treble flat. 

• All potentiometers are linear taper 

• Use the LF347 Quad for stereo applications 
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BASS 

11k 

11k MID·RANGE 

J.6k 

l.Bk 

TREBLE 

>':""'''--0 OUT 



Typical Applications (Continued) 

Improved CMRR Instrumentation Amplifier 

Vs 

i'Jo-I+--+t--:-I 
A' 

l-Iot-t---tiH 

Vs Vs' 

-Vs .t .t 
--

h h 
- -
b b 
-'s -Vs' 

SEPARATE 

R5 

R4 

m and * are separate isolated grounds 

Matching of R2's, R4's and R5's control CMRR 

With AVT ~ 1400, resistor matching ~ 0,01%: CMRR ~ 136 dB 

• Very high input impedance 

• Super high CMRR 

Fourth Order Low Pass Butterworth Filter 

A3 
Ilk 

'::' 

• Corner frequimcy (fc) ~ j R1R~CCl 

C 
0,01 

-15V A4 
lOOk, 

211 

• Passband gain (HO) ~ (1 + R4/R3) (1 + R4'/R3') 

• First stage Q ~ 1.31 
• Second stage Q ~ 0,541 

A" 
43k 

JR1'R~'CCl 
'::' 

R3' 
11k 

'211 

C 
0,01 

-15V 

A5 

Vo 

A4' 
lOOk 

• Circu it shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 l;jz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 

3-49 



CW') 
Lt) 
CW') 

LL 
...I 

Typical Applications (Continued) 

Fourth Order High Pass Butterworth Filter 

Corner frequency (fcl = j 1 2 • 
R1R2C 2n 

• Passband gain (HOI = (1 + R4/R3H1 + R4'/R3'1 
• First stage Q =: 1.31 

• Second stage Q = 0,541 

2n 

.3' 
200k 

Your 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10 

Ohms to Volts Converter 

10M 

·x 

1V 
Vo = RLADDER x RX 

1k 
1% 

1....--.... -O-15V 

Where ALADDER is the resistance from switch S1 pole to pin 7 of the LF353. 
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~National 
~ Semiconductor 

Operational Amplifiersl Buffers 
PRELIMINARY 

BI.FET ™ Technology 

LF400C Fast Settling J FET Input Operational Amplifier 

General Description 
The LF400C is a fast settling (400 ns toO.Ol % for a 10Vout
put step in the test circuit) BI_FETTM operational amplifier. 
It also features an 18 MHz bandwidth, an Inverting slew 
rate of 57V1!,s.and adjustable short circuit current limit 
allowing capacitive and/or 6001l10ads. 

Simplified Settling Time Circuit 

10k 

-15V 

Simplified Schematic 

Vio ADJ 

BI·FET™ Is a trademark of National Semiconductor Corp. 

SETTLING SIGNAL 
TO SCOPE 
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Applications 
• Cable drivers 
... High speed ramp generators 

• DAC output amplifiers 

• Fast buffers 
• Sample and holds 
• Fast integrators 
• Piezoelectric transducer signal conditioners 

Output and Settling Signal 

100ns/DIV~ 

........... -"M---1~ OUT 

..... ---t-''ORCL 

r-

§ 
o 



o 
§ 
La. 
..J 

Absolute Maximum Ratings 
Supply Voltage ±18V Differential Input Voltage ± 40V 
Power Dissipation (Poat 25·C) Input V91tage Range (Note 2) ± 20V 
and Thermal Resistance (OIA! (Note 1) 

Operati ng Temperature Range (TA) 
Output Short Circuit Duration Continuous 
Storage Temperature Range - 65·C to + 150·C 

TiMAX . 

0·Cto+70·C 

(H Package) 
(NPackage) 

(H Package) Po 

115·C 
100·C· 

570mW 
150·C/W 
500mW 

155·C/W 

Lead Temperature (Soldering, 10 seconds) 300·C 

°jA 
(N Package) Po 

8jA 

DC Electrical Characteristics (Note 3) 

Symbol Parameter Conditions 

Vos Input Offset Voltage Rs = 5011, TA = 25·C 
Over Temperature· 

AVos/AT Average TC of Input Offset Voltage Rs = 5011 

los Input ~ffset Current Tj = 25·C, (Notes 3 and 4) 
TJ'sTHIGH 

18 Input Bias Current Tj = 25·C, (Notes 3 and 4) 

TJ'sTHIGH 

RIN Input Resistance Tj =25·C 

Avoi. Linge Signal Voltage Gain Vs= ±15V, TA=25·C, 
Vo= ± 10V, RL =2k 
Over Temperature 

Vo Output Voltage Swing Vs= ± 15V, RL= 10k 
Vs= ±15V, RL=2k 

VCM· Input Common-Mode Voltage Range Vs= ± 15V 

CMRR Common-Mode Rejection Ratio 

PSRR Supply Voltage Rejection Ratio (Note 5) 

Is Supply Current TA = 25·C, Vs'= ± 15V 

AC Electrical Characteristics TA = 25·C, Vs = ± 15V 

Symbol Parameter Conditions Min 

ts Settling Time to 0.G1 % 

SR Slew Rate 

GBW Gain Bandwidth Product 

Min 

25 
25 
15 

± 12 
±10 

±11 

80 

80 

Typ 

400 

57 

18 

4 

20 

20 

200 

1011 

200 
200 

±13 
± 12 

± 14 
-12 

100 

100 

8 

Max 

Max 

10 
13 

100 
5 

600 
25 

12 

Units 

mV 
mV 

p.VI·C 

pA 
nA 

pA 
nA 

!l 

VlmV 
VlmV 
.VlmV 

V 
V 

V 
V 

dB 

dB 

mA 

Units 

ns 

Vlp.s 

MHz 

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX, 8jA, and the 
ambient temperature, TA. The maximum available power dissipation at any temperature Is Po = (TjMAX - TA)/8jA orthe25·C POMAX, whichever is 
less. 

Note 2: -Unless otherwise specified the absolute maximum negative Input voltage Is equal to the negative power supply voltage. 

Note 3: These specifications apply foryS= ± 15V andO·C:<TA:< + 70·C. Vos, Ie and lOS are measured at VCM =0. 

Note 4: The Input bias currents are junction leakage currents which approximately double for every 10·C Increase In the junction temperature, Tj. 
Due to limited production test time, the Input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, PO. Tj = TA + 8jA Po where8jA Is the thermal resistance 
from junction to ambient. Use of a heat sink is recommended if Input bias current Is to be kept to a minimum. ' 

Note 5: Supply Voltage Rejection Is measured for both supply magnitudes Increasing or decreasing slmultaneouslY,ln accordance with common 
practice. 
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~National Operational Amplifiersl Buffers 
~ Semiconductor 
LF411A/LF411 Low Offset, Low Drift JFET 
Input Operational Amplifier 

BI.FET II ™ Technologv 

General Description 
These devices are low cost, high speed, JFET input opera· 
tional amplifiers with very low input offset voltage and· 
guaranteed input offset voltage drift. They require low 
supply current yet maintain a large gain bandwidth prod· 
uct and fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. The LF411 is pin compatible with the 
standard LM741 allowing designers to immediately 

. upgrade the overall performance of existing designs.· 

These amplifiers may be used in applications such as high 
speed integrators, fast CIA converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped· 
ance, high slew rate and wide bandwidth. 

Features 
• Internally trimmed offset voltage 
• Input offset voltage drift 
.• Low input bias current 

• Low input noise current 
• Wide gain bandwidth 

• Highslewrate 
• Lowsupplycurrent 
• High input impedance 
• Low total harmonic distortion Av = 10, 

0.5mV(max) 
10 ,NI·C (max) 

50pA 
0.01pAJ$z 
3MHz(min) 
10V/,..s(min) 

1.BmA 
10120 

<0.02% 
RL = 10k, Va = 20 Vp·p, BW = 20 Hz-20 kHz 

• Low1/fnoisecorner 
• Fast settling timetoO.01 % 

50Hz 

2"s 

Typical Connection 
At 

Ordering Information 
LF411XYZ 

Connection Diagrams 
LF411AMH/LF411MH, LF411ACH/LF411CH 

Metal Can Package 
Vcc 

Ri 

Simplified Schematic 

X indicates electrical grade 
Y indicates temperature range 

"M" for military, 
"C" for commercial 

Z indicates package type 
"HI! or uN" 

VCCO----.... ------1_---, 

INTERNALL V 
TRIMMEO 

INTERNALLV 
TRIMMED 

-VEE 0--.... ---4~---............ ---J 

SI·FET n™ Is a trademark of National Semiconductor Corp. 

Vo 
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INVE~J~~~ 2 

NC 

V

TOP VIEW 

Note. Pin 4 connected to case. 

Order Number LF411AMH, LF411MH, LF411ACH 
orLF411CH 

See NS Package H08B 

LF411ACN, LF411CN 
Dual·ln-Llne Package 

TOP VIEW 

.Order Number LF411ACN or LF411CN 
See NS Package N08A 



AbsoluteMaxim~m Ratings 
LF4llA LF4ll H Package N Package 

Supply Voltage :!:22V :!:18V Power Dissipation 670mW 500mW 
Differential Input Voltage :!:38V :!:30V (Note 2) 
Input Voltage Range :!:19V :!:15V TJ max 150"C 115"C 

(Note 1) °jA 150"CIW loo"CIW 
Output Short Circuit Continuous Continuous Openitlng Temperature (Note 3) (Note3) , 

Duration Range 
Storage Temperalure - 65"C:<TAs 150"C - 65"C:<TA" 150"C 

Range 
Lead Temperature 300"C 300"C 

(Soldering, 10 seconds) 

DC Electrical Characteristics (Note 4) , 

, Symbol Parameter Conditions 
LF411A LF411 

Units 
Min Typ Max Min Typ Max 

Vos Input Offset Voltage Rs = 10 kO, TA = 25°C 0.3 0.5 0.8 2.0 mV 

I:Nos/!J.T 
Average TC of Input 

Rs = 10 kG (Note 5) 7 10 7 
20 p'vrc 

Offset Voltage (Note 5) 

Vs= ±15V 
1j = 25°C 25 100 25 100 pA 

los Input Offset Current 
Notes 4 and 6 

T'=70°C 2 2 nA 
TJ= 125°C 25 25 nA 

Vs= ± 15V 
T=25°C 50 200 50 200 pA 

Ie Input Bias Current t'=70fC 4. 4 nA 
Notes 4 and 6 

Tj= 125°C 50 50 nA 

RIN Input Resistance lj =25°C 1012 1012 ° Large Signal Voltage Vs= ±15V, Vo= ±10V, 50 200 25 200 V/mV 
AVOL Gain RL = 2k, TA = 25°C 

Over Temperature 25 200 15 200 VlmV 

Vo Output Voltage Swing Vs= ±15V, RL=10k ±12 ±13.5 ±12 ±13.5 V 

VCM 
Input Common-Mode ±16 +19.5 ±11 +14.5 V 
Voltage Range -16.5 -11.6 V 

CMRR Common-Mode 
Rss10k 80 100 70 100 dB 

Rejection Ratio 

PSRR 
Supply Voltage 

(Note 7) 80 100 70 100 dB 
Rejection Ratio 

Is Supply Current 1.8 2.8 1.8 3.4 mA 

AC Electrical Charactetistics (Note 4) 
., 

Symbol Parameter Conditions 
LF411A LF411 

Units 
Min Typ Max Min Typ Max 

SR Slew Rate Vs= ±15V, TA=25°C 10 15 8 15 Vlp.s 

GBW Gain-Bandwidth Product Vs = ± 15V, TA = 25°C 3 4 2.7 4 MHz 

en Equivalent Input Noise Voltage TA = 25°C, Rs = 1000, 25 25 nVl.JHz 
f= 1 kHz 

in Equivalent Input Noise Current TA = 25°C, f= 1 kHz 0.01 0.01 pA/.J,Hz 
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Notes 
Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: For operating al elevated temperature, these devices must be derated based on a thermal resistance of 0jA. 

Note 3: These devices afe available in both the commercial temperature range O"C sTAs70°C and the military temperature range - 5S"CsTAs 125°C. The 
temperature range Is designated by the position just before the package type in the device number. A "C" indicates the commercial temperature range and an 
"M" Indicates the military temperature range. The military temperature range is available In ooH" package only. 

Note 4: Unless otherwise specified, the specifications apply over the full temperature range and for Vs = :!: 20V for the LF411A and for VS;; ± 15V for the 
LF411. VOS, IS, and lOS are measured at VCM =0. 
Note 5: The LF411A Is 100%, tested to this specification. The LF411 is sample tested to insure at least 90% of the units meet this specification. 

Note 6: The Input bias currents are junction leakage currents which approximately double for every 10"C increase in the junction temperature, Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of Internal power dissipation, PO. Tj :::: TA + 0jA Po where 0jA is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common 
practice. 

Typical Performance Gharacteristics 
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Typical Performance Characteristics (Continued) 

Gain Bandwidth Bode Plot Slew Rate 
5.5 

Vs= ±15V 
30 

Vs= ±15 
150 26 

VS= ±15V 

5 RL=2k 20 RL=2k 100 24 RL=2k 
CL=10o pF ...... CL=1oo pF 22 Av=1 
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I", :;;: .. '" -~I .. ~ -50 Iii ill 16 .RISING 
3.5 -10 .. 

I"- 'r\ ~~ 14 '" ....... 
3 -20 -100 

12 

2.5 -30 -150 10 
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Ratio Ratio Voltage 

160 
Vs= ±15V 

140 
Vs= ±15V 

70 

140 - r-- RL=2k 120 TA=25'C 60 
TA=25'C 

2 r---... + SUPPLY w 
a; 120 ::: r-- = '" 

CMRR = 20 LOG VVo + 
;:: 

100 ~~ 50 w~ r-.. fil ........ ......... §e 100 
~ oPEN~;OP ~~ r--.. ~;;: ~~ Bo 40 

·80 >- ..... , '" 
:55. '-'= =2 

~~"M' 8:~ 60 "'w 30 ",co 2 .. 
"';:: 60 : GAIN. iil", "~ '\. ~~ ='"' '"'ill ~ 40 >= 20 

40 I SUPPLr " s> 
'" ~ VCM 2k !C r--.. ffi 

20 20 10 
":' ':" ." 

0 0 0 
10 100 1k 10k 100k ·1M 10M 10 100 1k 10k 100k 1M' 10 100 1k 10k 100k 

FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 

, 

Open Loop Voltage Gain . Output Impedance Inverter Settling Time 
1M 100 10 

RL 2k Vs +15V I III I 
55'CsTA<125'C TA 25'C 

V '/1 mV .. 10m 
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Small Signal Inverting Small Signal Non·lnvertlng 

TIME (0.2 ,..1 DIY) TIME (0.2 ,..1 DIV) 

Large Signal Inverting Large Signal Non·lnverting 

TIME (2 ,../DlY) TIME (2 ,../DIY) 

Current Limit (RL = 1000) 

TIME (5 ,../DlY) 

Application Hints 
The LF411 series of internally trimmed JFET input op amps 
(BI·FET IITM) provide very low input offset voltage and 
guaranteed input offset voltage drift. These JFETs have 
large reverse breakdown voltages from gate to source and 
drain eliminating the need for clamps across the inputs. 
Therefore, large differential input voltages can easily be 
accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this 
will cause large currents to flow which can result in a 
destroyep .unit. 
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Exceeding the negative common·mode limit on either In· 
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common·mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common·mode range again puts 
the input stage and thus the amplifier in a normal oper
ating mode. 

Exceeding the positive common·mode limit on a single 
input will not change the phase of the output; however, if 
both inputs exceed the limit, the output of the amplifier 
may be forced to a high state. 



Application Hints (Continued) 

The amplifier will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased In this condi
tion. When the r;legative common-mode voltage swings 
to within 3V of the negative supply, an Increase In input 
offset voltage may occur. 

The LF411 Is biased by a zener reference which allows 
normal circuit operation on ± 4.5V power supplies. 
Supply voltages less than these may result in lower gain 
bandwidth and slew rate. 

The LF411 will drive a 2 k{lload resistance to ± 10V over 
the full temperature range. If the amplifier Is forced to 
drive heavier load currents, however, an Increase in input 
offset voltage may occur on the negative voltage swing 
and finally reach an active current limit on both positive 
and negative swings. 

Precautions should be taken to ensure that the power 
supply for the Integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently Installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC couid 
cause fusing of the Internal conductors and result In a 
destroyed unit. . 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the fre
quency of the feedback pole by minimizing the capaci-
tance from the input to ground. .• 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the in
verting input) to AC ground set the frequency of the pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if the feedback pole is less 
than approximately 6 times the expected 3 dB frequency, 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the·added capacitor 
should be such that the RC time constant of this capac
itor and the resistance it parallels is greater than or equal 

. to the original feedback pole time constant. 

Typical Applications Ultra HIgh Speed Current Booster 
Ik 

INPUT 
Ik 10k 

15pF 

PNP=2N290S 

NPN = 2N2219 unless noted 

TO·S heat sinks for 0S-07 

300 

3.3k 

... ~ 
-15V D--"IM..-e--t ...... - .. --1 

33 

30k 

15V Uk 

0.001 "'---f 

510 

3Dk 

0.01 

15V 

8.2 
SOLID 

TANTALUM 

+~ 

10 

410"'---. 

10 

-15V 



Typical Applications (Continued) 

15V 

±IOV 

MSB LSB 
AI A2 AJ A4 A5 A6 A7 A8 A9 AID 

10·81t Linear DAC with No Vos Adjust 

( AI A2 A3 AID) 
VOUT= -VREF 2"+"4+"8+ ... 1024 

-IOVsVREFsIOV 

OSVOUTs - ~~~!VREF 
where AN = 1 If the AN digital input Is high 

AN = 0 If the AN digital Input Is low 

Single Supply Analog Switch with Buffered Output 

J.Jk 

Vc Zk 
I = SWITCH OFF Q-...JW'Y-.......... Vo 

D= SWITCH ON 

Detailed Schematic 

r-

~ .... » -r-
~ .... 



~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LF412A/LF412 Low Offset, Low Drift 
Dual JFET Input Operational Amplifier 

BI-FET II ™ Technology 

General Description 
These devices are low cost, high speed, JFET input opera
tional amplifiers with very low input offset voltage and 
guaranteed input offset voltage drift. They require low 
supply current yet maintain a large gain bandwidth prod
uct and fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. LF412 dual is pin compatible with the 
LM1558, allowing designers to immediately upgrade the 
overall performance of existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input Imped
ance, high slew rate and wide bandwidth. 

Features 
• Internally trimmed offset voltage 

; • Input offset voltage drift 

• Low input bias current 
• Low input noise current 
II Wide gain bandwidth 

• High slew rate 
• Lowsupplycurrent 
• High input impedance 
• Low total harmonic distortion Av = 10, 

1 mV(max) 
10I'VloG(max) 

50pA 

0.01 pAl$z 
3MHz(min) 

10Vll's(mln) 
1.8 mAlAmplifier 

10120 
<0.02% 

RL = 10k, Vo = 20 Vp-p, BW = 20 Hz-20 kHz 

• Low1/fnoisecorner 
.• FastsettlingtimetoO.01% 

50Hz 

21'S 

Typical Connection Ordering Information Connection Diagrams 
RI 

R; 

Simplified Schematic 
1/2 Dual 

LF412XYZ 
X indicates electrical grade 
Y indicates temperature range 

"M" for military 
"e" for commercial 

Z indicates package type 
"H" or liN" 

VCCO----.... ------4I~--., 

Vo 

-VEE o--..... ---..... ---~"_--... 

BI·FET IITM Is a trademark of National Semiconductor Corp. 
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LF412AMH/LF412MH, LF412ACH/LF412CH 
Metal Can Package 

V+ 

6 INVERTING 
INPUTB 

Y-

Note. Pin 4 connected to case. 
TOP VIEW 

Order Number LF412AMH, LF412MH, 
LF412ACH or LF412CH 
See NS Package H08B 

OUTPUT A 

INVERTING INPUT A 

NON·INVERTING 
INPUT A 

LF412ACN, LF412CN 
Dual-In-Line Package 

'-_ ..... -r- OUTPUTB 

INVERTING INPUT B 

TOPYIEW 

Order Number LF412ACN or LF412CN 
See NS Package NoaA 



Absolute Maximum Ratings 
LF412A LF412 H Package N Package 

Supply Voltage :!:22V :!:tBV Power Dissipation 670mW SOOmW 
Differential Input Vollage :!:3BV ",30V (Note 3) 

Input Voltage Range :!:19V :t1SV Tl max 1S0'C 1tS'C 
(Note 1) °IA 1S0'C/W tSO'C/W 

Output Short Circuit Continuous Continuous Operating Temperature (Note 4) (Note 4) 
Duration (Note 2) Range 

Storage Temperature -65'CsTAS1S0'C - 6S'CsTAS 1S0'C 
Range 

Lead Temperature 300'C 300'C 
(Soldering, 10 seconds) 

DC Electrical Characteristics (Note 5) 

Symbol Parameter Conditions 
LF412A LF412 

Units 
Min Typ Max Min Typ Max 

Vos Input Offset Voltage Rs = 10 kll, TA = 25·C 0.5 1.0 1.0 3.0 mV 

tNosll1T 
Average TC of Input 

Rs = 10 kll (Note 6) 7 10 7 
20 

p.V/·C 
Offset Voltage (Note 6) 

Vs= ±15V 
T=25·C 25 100 25 100 pA 

los Input Offset Current Tj,--70·C 2 2 nA 
(Notes 5 and 7) 

Ti= 125·C 25 25 nA 

Vs= ±15V 
Ti=25·C 50 200 50 200 pA 

18 Input Bias Current 
(Notes 5 and 7) 

T·=70·C 4 4 nA 
TI=125·C 50 50 nA 

RIN Input Resistance T,=25·C 1012 lOt2 Il 

Large Signal Voltage Vs= ±15V, Vo.= ±10V, 50 200 25 200 VlmV 

AVOL Gain RL=2k, TA=25·C 
Over Temperature 25 200 15 2PO VlmV 

Vo Output Voltage Swing Vs= ±15V, RL=10k ±12 ±13.5 ±12 ±13.5 V 

VCM 
Input Common-Mode ±16 +19.5 ±11 +14.5 V 
Voltage Range -16.5 -11.5 V 

CMRR 
Common-Mode 

Rss 10k 80 100 70 100 dB 
Rejection Ratio 

PSRR 
Supply Voltage 

(Note 8) 80 100 70 100 dB 
Rejection Ratio 

Is Supply Current 3.6 5.6 3.6 6.8 mA 

AC Electrical Characteristics (Note 5) 

Symbol Parameter Conditions 
LF412A LF412 

Units 
Min Typ Max Min Typ Max 

Amplifier to Amplifier TA = 25·C, f = 1 Hz-20 kHz 
-120 -120 dB 

Coupling (Input Referred) 

SR Slew Rate Vs = ± 15V, TA = 25·C 10 15 8 15 Vlp.s 

GBW Gain-Bandwidth Product Vs= ±15V, TA=25·C 3 4 2.7 4 MHz 

en 
Equivalent Input Noise TA = 25·C, Rs = 1001l, 

25 ;25 nVl.jHZ 
Voltage f= 1 kHz 

in 
Equivalent Input Noise 

TA=25·C, f=1 kHz 0.01 0.01 pAl.JTiz 
Current 
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Notes 
Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Nota 2: Any of the amplifier outputs can be shorted to ground Indefinitely, however, more than one should not be simultaneously shorted as the maximum 
junction temperature will be exceeded. 

Note 3: For operating at elevated temperature. these devices must be derated based on a thermal resistance of UjA. 

Note 4: These devices ar"avallable in both the commercial temperature range 0·CsTAS70·C and the military temperature range - 55·CsTAs 125·C. The 
temperature range Is designated by the position just before the package type in the device number, A "C" indicates the commercial temperature range and an 
"M" indicates the military temperature range. The military temperature range Is available in "H" package only. 

Note 5: Unless otherwise ·speclfled. the specifications apply over the full temperature range and for Vs = ± 20V for the LF412A and for Vs = ± 15V for the 
LF412. VOS. IS. and lOS are measured at VCM = O. 
Note 6: The LF412A Is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 90% of the amplifiers meet this 
specification, 

Note 7: The Input bias purrents are junction leakage currelnts which approximately double for every 100e increase in the junction temperature, Tl' Due to 
limited production test time, the Input bias currents measured are correlated to junction temperature. In ,normal operation the junction temperature rises 
above the ambient temperature as a result of Internal power dissipation, PO. Tj = TA + OjA Po where 9jA Is the thermal resistance from junction to ambient. Use 
of a heat sink Is recommended If input bias current Is to be kept to a minimum. . 

Note 8: Supply voltage rejection ratio Is measured for. both supply magnitudes increasing or decreasing simultaneously In accordance with common 
practice. 
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Supply Current 
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Typical Performance Characteristics (Continued) 

Gain Bandwidth Bode Plot Slew Rate 
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Application Hints 
TIME (5 pa/DIV) 

The LF412 series of JFET input dual op amps are Internally 
trimmed (BI-FET IITM) providing very low input offset 
voltages and guaranteed input offset voltage drift. These 
J FETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across 
the inputs. Therefore, large differential input voltages can 
easily be accommodated without a large increase in input 
current. The maximum differential input voltage Is inde
pendent of the supply voltages. However, neither of the in
put voltages should be allowed to exceed the negative 
supply as this will cause large currenls to flow which can 
result in a destroyed unit. 

Exceeding the negative common-mode limit on either in
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common-mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common-mode range again puts 
the Input stage and thus the amplifier in a normal 
operating mode. . 
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Exceeding the positive common-mode limit on a single 
input will not change the phase of the output, however, if 
both Inputs exceed the limit, the output of the amplifier 
may be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 

. bandwidth and slew rate may be decreased in this condi
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier Is individually biased by a zener reference 
which allows normal circuit operation on ± 4.5V power 
supplies. Supply voltages less than these may result in 
lower gain bandwidth and slew rate. 

. The amplifiers will drive a 2 kllioad resistance to ± 10V 
over the full temperature range. If the amplifier is forced 
to drive heavier load currents, however, an increase in in
put offset voltage may occur on the negative voltage 
swing and finally reach an active current limit on both 
positive and negative swings. 



Application Hints (Continued) 

Precautions should be taken to ensure that the power 
supply forthe integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed un it. 

Because these amplifiers are J FET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick·up" and maximize ttie fre-

quency of the feedback pole by minimizing the capaci
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the In
verting input) to AC ground set the frequency of the pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if.the feedback pole is less 
than approximately 6 times the expected 3 dB frequency 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capaci
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 

Typical Application Single Supply Sample and Hold 

7 

TO.01 p.f 

Detailed Schematic 
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~ ~National Operational Amplifiers/ Buffers a ~ Semiconductor. 
3 LF441A/LF441 Low Power JFET 
lL Input Operational Amplifier BI-FET II ™ Technology 

...I 

General Description 
The LF441 low power operational amplifier provides many 
of the same AC characteristics as the industry standard 
LM741 while greatly improving the DC characteristics of 
the LM741. The amplifier has the same bandwidth, slew 
rate, and gain (10 kO load) as the LM741 and only draws one 
tenth the supply current of the LM741.ln addition the well 
matched high voltage JFET input devices of the LF441 
reduce the input bias and offset currents by a factor of 
10,000 over the LM741. A combination of careful layout 
design and internal trimming guarantees very low input 
offset voltage and voltage drift. The LF441 also has a very 
low equivalent input noise voltage for a low· power 
amplifier." 

The LF441 is pin compatible with theLM741 allowing an 
immediate 10 times reduction in power drain in many ap
plications. The LF441 should be used where low power 
dissipation and good electrical characteristics are the 
major considerations. 

Features 
• 1/10 supply current of a LM741 

• Low input bias current 
• Low Input offset voltage 
• Low input offset voltage drift 
II High gain bandwidth 

• Hlghslewrate 
• Low noise voltage for low power 

• Low input noise current 

• High input Impedance 

• High gain Va = ± 10V, RL = 10k 

200~(max) 

5OpA(max) 
0.5mV(max) 

10"V/·C(max) 
·1 MHz 

W/"s 
35nV/...jFfZ 

0.01 pA/...jFfZ 
10120 

50k(min) 

Typical Connection 
Rf 

Ordering Information 
LF441XYZ 

Connection Diagrams 
LF441AMH, LF441ACH/LF441CH 

Metal Can Package 

VCC 

R, 

-VEE 

X indicates electrical grade 

y i~dicates temperature range 
"M" for military, 

"C" for commercial 

Z indicates package type 
"HI! or liN" 

Simplified Schematic 

VCCo-------+------..... --......." 

Vo 

-VEE 0--..... ---41--'----..... --...... 

BI_FET™ is a trademark of National Semiconductor Corp. 
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NC 

v

TOP VIEW 

Note. Pin 4 connected to case. 

Order Number LF441AMH, 
LF441ACH or LF441CH 
See NS Package HOBB 

BALANCE 

LF441ACN/LF441CN 
Dual-In-Line Package 

INPUT -,-,_r ..... 

INPUT 

V-

TOP VIEW 

NC 

V+ 

OUTPUT 

BALANCE 

Order Number LF441ACN 
or LF441CN 

See NS Package NOBA 



Absolute Maximum Ratings 
LF441A LF441 H Package N ~ackag. 

Supply Voltage ±22V ±18V Power Dissipation 670mW 500mW 
Differenllallnput Voltage :t38V ±30V (Note 2) 

Input Voltage Range ±19V ±15V TJ max 150·C 115·C 
(Note 1) 8JA 150·CIW 160·CIW 

Output Short Circuit Continuous Continuous Operating Temperature (Note3j (Note3j 
Duration Range 

Storage Temperature -65·CsTASI50·C -65·CsTAsI50·C 
Range 

Lead Temperature 300·C 300·C 
(Soldering, 10 seconds) 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions 
LF441A LF441 

Units 
Min Typ Max Min Typ Max 

Vos Jnput Offset Voltage 
Rs= 10 kG, TA = 25·C 0.3 0.5 1 5 mV 
Over Temperature 7.5 mV 

tNosll:>T 
Average TC of Input 

Rs = 10 kG (Note 5) 7 10 10 20 ".v/·C Offset Voltage 

Vs= ± 15V 
TJ=25·C 5 25 5 50 pA 

los Input Offset Current TJ'- 70·C 1.5 1.5 nA 
(Notes 4 and 6) 

TJ=125·C 10 nA 

Vs= ± 15V 
Tj=25·C 10 50 10 100 pA 

IB Input Bias Current TJ=70·C 3 3 nA 
(Notes 4 and 6) 

TJ-125·C 20 nA 

RIN Input Resistance Tj=25·C 1012 1012 G 

Large Signal Voltage 
Vs= ±15V, Vo= ±10V, 50 100 25 100 V/mV 

AVOL RL = 10 kG, TA = 25·C 
Gain 

Over Temperature 25 15 V/mV 

Vo Output Voltage Swing Vs= ± 15V, RL= 10 kG ±12 ±13 ±12 ±13 V 

VCM 
Input Common-Mode ±16 +1S ±11 +14 V 
Voltage Range -17 -12 V 

CMRR 
Common-Mode 

Rs :s10 kG SO 100 70 95 dB 
Rejection Ratio 

PSRR 
Supply Voltage 

(Note 7) SO 100 70 90 dB 
Rejection Ratio 

Is Supply Current 150 200 150 250 p.A 

I 
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AC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions 
LF441A LF441 

Units 
Min Typ Max Min Typ Max 

SR Slew Rate Vs= ±15V, TA =25'C 0.8 1 0.6 1 V/p.5 

GBW Gain·Bandwldth Product Vs= ±15V, TA=25'C 0.8 1 0.6 1 MHz 

e' Equivalent Input Noise Voltage 
TA =,25'C, Rs =1001l, 

35 35 nV/.JHZ n f= 1 kHz 

in Equivalent Input Noise Current TA =25'C, 1=1 kHz 0.01 0.01 pA/.jHz 

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA, 

Nole 3: The LF441A and LF441B are available in both the commercial temperature range O'CsTA ,,70'C and the military temperature range -55'C 
sTA" 125'C, The LF441Is available In the commercial temperature range only, The temperature range Is deSignated by the position just before the package 
type In the device number. A "C" Indicates the commercial temperature range and an "M" Indicates the military temperature range. The military temperature 
range Is available in "H" package only. 

Nole 4: Unless otherwise specified the specifications apply over the full temperature range and forVS = ±20V for the LF441AILF441 B and for Vs = ±15V for 
the LF441. VOS, IB, and lOS are measured at'yCM = O. 
Note 5: The LF441A is 100% tested to this specification. 

Nate 6: The input bias currents are junction leakage currents which approximately double for every 1Qoe increase in the junction temperature, Tj. Due to 
limited production test time, the Input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambientlemperature as a result of Internal power dissipation, PO. Tj = TA + 0jA Po whereOjA Is the thermal resistance from junction to ambient. Use 
of a heat sink Is recommended If input bias current is to be kept to a minimum. ~ 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously In accordance with com-
mon practice. 

Typical Performance Characteristics 
, 

Input Bias Current Input Bias Current Supply Current 

40' 10k 200 
Vs= ±15V 190 I 

! TA=25°C VCM-OV / I 30 ; Vs= ±15V 180 / lk 1 J5ori-r-~ / 
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i!5 0 ... .. 120 i!5 I I ./ 110 
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COMMON·MOOE VOLTAGE (V) TEMPERATURE ('C) SUPPLY VOLTAGE (±V) 

Positive Common-Mode Negative Common-Mode 
Input Voltage Limit Input Voltage Limit Positive Current Limit 

25 -25 15 
-55'C"TA,,125'C -55°C"T.,,125°C 

=== 
Vs; ±115V 

w w- 20 w_ -20 '" ~~ ~ 
co> co> 

~ co- V .. -
:IE!:: 

/ ~i / 
.. 10 

~~ >- 25°C,-~ 15 

=~ 
-15 1-> ~ -55°C 

:lEw V / ::>-

~~ ... '" I-z 
... ~ 

10 V 8~ 
-10 V g3i \ w" 

" 
w .. 

V w" » 2:> > 5 
E~ V i~ / E ~, "' ... 5 -5 ~ 2i!5 zi!5 / 1\\1\ 0 0 0 
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Typical Performance Characteristics (Continued) 

Negative Current Limit Output Voltage Swing Output Voltage Swing 
-15 50 30 ... Vs= ±15V RL=10k Vs= ±15V 

w -55'CsTAS125'C TA=25'C 
'" 40 25 .. 

/1-" !:i to.... w w c -10 >- "'- "'- 20 

~." ""~ <~ 

1/ .... > ~c. 30 !:ic.. :::0- c> c> ... ", 
5~ 

>- >- 15 .... '" .... '" 
~! 1\ 1\-55'C :::0 2 20 ~j > -5 ~~ 10 Ei :::oW 

125'C 1\ c c 
III 10 2 

25~C\ 1\ 
5 

0 0 0 
0 5 10 15 20 25 0 5 10 15 20 25 1 10 100 

OUTPUT SINK CURRENT (mA) SUPPLY VOLTAGE (±V) RL -OUTPUT LOAD (kll) 

Gain Bandwidth Bode Plot Slew Rate 
1.75 30 150 2.0 

Vs= ±15V Vs= ±15V Vs= ±15V 
1.50 RL=10k 20 RL=10k 

100 RL=10k 

FA~LINGI-CL=100 pF ,I"-
CL1=11iO pF 

1.5 Av=1 -
~ ~ 1.25 

...... i'.. ... 
~ 10 50 :z: 

~;- r-...... ........ ; I"- PHASE ~ ~ 
'RISING c; w 

>- b' 1.0 ...... 2 0 0 :l 1.0 
~~ -- ;;: GAiN'-~ i ::)!iO.75 r---. '" ~ 

< 
-10 - 50 .m .... .., U) 0.5 

0.5 -20 -100 

0.25 -30 -150 0 
-50 -25 0 25 50 75 100 125 0.1 1 10 -50 -25 0 25 50 75 100 125 

TEMPERATURE ('C) FREQUENCY (MHz) TEMPERATURE ('C) 

Undistorted Output Voltage Open Loop Frequency 
Distortion vs Frequency Swing Response 

[fr~ 
30 

Vs-± .15V 
160 

RL=JOk 2.5 
RL= 10k 140 

\ TA=2 5'C Vs=±15V 
2.0 -= '\.. 10k w Av=1 :!l 120 TA=25'C 

§: "'- 20 ~_ 100 - r--- ~~ \<1% OIST 
15 I' I ~ 

c.., 1""-1.5 - I-- c> >.., 

~ 
>- ... - 80 .... '" c2 

"-C Vs- ±15V 
:::oZ 9g :;; 1.0 !5! 60 

15 TA=25'C Av-100/ c 10 ~ ""-.r c 40 

"'" 0.5 I /Av- 1O 20 
~ ./ ./ 

0 0 0 
10 100 1k 10k 1k 10k 100k 1 10 100 1k 10k 100k 1M 

FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 

Common· Mode Rejection Power Supply Rejection Equivalent Input Noise 
Ratio Ratio Voltage 

160 140 70 

~D r-..... Vs= ±15V 
Z 140 

r-...... 120 TA=25'C 60 c 

: Ve •• 1Dk~ 15 

" 
w 

~ 120 I .. 
" ~ 100 !~ 50 

~; 100 03- 1"- l'.. +SUP~LY- I"-...... a:~ 80 E~ 40 gg 80 ... - "- !;.s. ii:!5! ~ ~:l VS= ±15V .... w 
30 i'.. ~~ 60 Z", 

'" 60 RL=10k 

"" '" '" i~ :IE TA=25'C ~ 40 20 :IE 40 "\ 5> 
'" CMRR = 20' LOG ~ +OPEN lOOP 

-SUPPLY "- Ii! .. 
20 ... 20 10 

VOLJAGE GAIN VCM ~ 0 0 0 
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10 100 1k 10k 100k 

FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 
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Typical Performance Characteristics (Continued) 

. Open Loop Voltage Gain 
1M 

;;- RL 10k 
lk 

~ 
z 
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co :-
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~ 5·C 
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10k 0.01 
5 10 15 20 

SUPPLY VOLTAGE (± V) 

Small Signal Inverting 

TIME (0.5 ~s/OIV) 

Large Signal Inverting 

TIME (10 ~/DlV) 

Output Impedance Inverter Settling Time 
10 

L1UL ~ 
I ..,. VS= ±15V 

~ TA=25·C 1 mV _10mV 

~ ,I 

'111 

-
]i,l 
Ami Vs=±15V 
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-10 

100 lk 10k lOOk 1M 1 
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Large Signal Non-Inverting 

TIME (10 ~s/DlV) 
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Application Hints 
This device is a low power op amp with an internally 
trimmed input offset voltage and JFET input devices 
(BI-FET 11)_ These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore, large dif· 
ferential input voltages can easily be accommodated 
without a large increase in input current. The maximum 
differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either in
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common-mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common-mode range again puts 
the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, if 
both inputs exceed the limit, the output of the amplifier 
will be forced to a high state. 

The amplifier will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi
tion. Whim the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

The amplifier is biased to allow normal circuit operation 
with power supplies of ± 3V. Supply voltages less than 
these may degrade the common-mode rejection and re
strict the output voltage swing. 

Typical Application 

The amplifier will drive a 10 kn load resistance to ± 10V 
over the full temperature range. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in 'a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because this amplifier is a JFET rather than MOSFET 
Input op amp it does not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an 'input should be placed with the body close 
to the input to minimize "pick·up" and maximize the fre
quency of the feedback pole by minimizing the capaci
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel reSistance and 
capacitance from the input of the device (usually the in
verting input to AC ground set the frequency of this pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if the feedback pole is less 
than approximately 6 times the expected 3 dB frequency 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capac
itor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 

Voltmeter Checker- Low Power Reference 

l5V 

Single supply (15V) operation. 
Runs on battery. 
Ideal for bench check of vollmeter 
accuracy. 

l5V BATTERY 

~EIR~r:l:i~ll-
PUSH 
TO TEST 

lD.DDV 
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R1 
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~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LF442A/LF442 Dual Low Power 
JFET Input Operational Amplifier 

BI-FET "TM Technologv 

General Description 
The LF442 dual low power operational amplifiers provide 
many of the same AC characteristics as the industry 
standard LM1458 while greatly improving the DC charac
teristics of the LM1458. The amplifiers have the same 
bandwidth, slew rate, and gain (10 krl load) as the LM1458 
and only draw one tenth the supply current of the LM1458. 
In addition the well matched high voltage JFET input de
vices of the LF442 reduce the input bias and offset cur
rents by a factor of 10,000 over the LM1458. A combination 
of careful layout design and internal trimming guarantees 
very low input offset voltage and voltage drift. The LF442 
also has a very low equivalent input noise voltage for a low 
power amplifier. 

The LF442 is pin compatible with the LM1458 allowing an 
immediate 10 times reduction in power drain in many ap
plications. The LF442 should be used where low power 
dissipation and good electrical characteristics are the 
major considerations. 

Features 
• 1110 supply current of a LM1458 
• Low input bias current 
• Low input offset voltage 
• Low input offset voltage drift 
• High gain bandwidth 

• High slew rate 
• Low noise voltage for low power 
• Low input noise current 
• High input impedance 
• HighgainVo= ±10V,RL =10k 

400 p.A (max) 
50pA(max) 
1 mY (max) 

10p.V/'C(max) 
1 MHz 
1 V/p.s 

35nV/$z 
0.01 pA/$z 

1012 0 
50k(min) 

Typical Connection Ordering Information 
LF442XYZ· 

Connection Diagrams 
LF442AMH, LF442ACH, LF442CH 

Metal Can Package 
vee 

Rj 

Simplified Schematic 
1/2 Dual 

X indicates electrical grade 
Y indicates temperature range 

"M" for military, 
"C" for commercial 

Z indicates package type 
"H"or"N" 

Yeeo--------.------------~------, 

Vo 

y+ 

6 INVERTING 
INPUT B 

y. 

TOP VIEW 

Note. Pin 4 connected to case. 

Order Number LF442AMH, 
LF442ACH or L~442CH 
See NS Package H08S 

OUTPUT A 

LF442ACN, LF442CN 
Dual·ln·Line Package 

v+ 

INVERTING INPUT A OUTPUT B 

INTERNAL LV 
TRIMMED 

-VEEo----4~----~--------~----~ 

BI·FET IITM is a trademark of National Semiconductor Corp. 

3-73 

NON-INVERTING INVERTING INPUT 8 
INPUT A 

V· NON·INYERTING 
INPUT B 

TOP VIEW 

Order Number LF442ACN or LF442CN 
See NS Package N08A 
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Absolute Maximum Ratings 
LF442A LF442 H Package N Package 

Supply Vollage :t22V :t18V Power Dissipation 670mW SOOmW 
Differential Input Voltage :t38V :t30V (Note 3) 

Input Vollage Range :t19V . :t15V Tjmax 150'C 115'C 
(Note I) 8jA 150'CIW 150'CIW 

Output Short Circuli Continuous Continuous Operating Temperature (Note 4) (Note 4) 
Duration (Note 2) Range 

Storage Temperature -6S'C"TASISO'C - 6S'C"TAs )SO'C 
Range 

Lead Temperature 300'C 300'C 
,/ (Soldering, 10 seconds) 

DC Electrical Characteristics (Note 5) 

Symbol Parameter Conditions LF442A LF442 
Units 

Min Typ Max Min Typ Max 

Vos Input Offset Voltage 
Rs = 10 kn, TA = 25'C 0.5 1.0 1.0 5.0 mV 
Over Temperature 7.5 mV 

4Vosl/H 
Average TC of Input 

Rs=10 kn 7 10 7 "V/'C Offset Voltage 

Vs= ± 15V 
Tj=25'C 5 25 5 50 pA 

los Input Offset Current Tj=70'C 1.5 1.5 nA 
(Notes 5 and 6) 

Tj= 125'C 10 nA 

Vs= ±15V 
Tj=2!?'C 10 50 10 100 pA 

IB Input Bias Current Tj-70'C 3 3 nA 
(Notes 5 and 6) 

T/= 125'C 20 nA 

RIN Input Resistance Tj=25'C 10'2 10'2 n 

Large Signal Voltage Vs= ±15V, Vo= ±10V, 50 200 25 200 V/mV 

AVOL Gain RL = 10 kO, TA = 25'C 
Over Temperature 25 200 15 200 V/mV 

Vo Output Voltage Swing Vs= ± 15V, RL= 10 kn ±12 ±13 ±12 ±13 V 

VCM 
Input Common· Mode ± 16 +18 ±11 14 V 
Voltage Range -17 -12 V 

CMRR 
Common·Mode 

Rss 10 kn 80 100 70 95 dB 
Rejection Ratio 

PSRR 
Supply Voltage 

(Note 7) 80 100 70 90 dB 
Rejection Ratio 

Is Supply Current 300 400 400 500 "A 

, 

AC Electrical Characteristics (Note 5) 

Symbol Parameter Conditions 
LF442A LF442 U~its 

Min Typ ., Max Min Typ Max 
Amplifier to Amplifier TA = 25'C, f = 1 Hz-20 kHz 

-120 -120 dB 
Coupling (Input Referred) 

SR Slew Rate Vs= ±15V, TA=25'C 0.8 1 0.6 1 VI"s 
" GBW Gain-Bandwidth Product Vs = ± 15V, TA = 25'C 0.8 1 0.6 1 MHz 

en 
Equivalent Input Noise TA = 25'C, Rs = lOOn, 

35 35 nVl..jFfz 
Voltage f= 1 kHz 

in 
Equivalent Input Noise 

TA = 25'C, f = 1 kHz 0.01 0.D1 pAl-1Hz 
Current 

3-74 



Notes 
Note 1: Unless otherwise specified the absolute maximum negative Input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum 
Junction temperature will be exceeded. 

Note 3: For operating at elevated temperature. these devices must be derated based on a thelmal resistance of 0jA. 

Nole4: These devices are available In both the commercial temperature range O"CsTAS70"C and the military temperature range - 55"CsTAS 125"C. The 
temperature range is designated by the position just before the package type in the device number. A "e" indicates the commercial temperature range and an 
"M" indicates the military temperature range. The military temperature range Is available in "H" package only. 

Note 5: Unless otherwise specified. the speCifications apply over the full temperature range and for Vs = ± 20V for the LF442A and for Vs = ± 15V for the 
LF442. VOS. IS. and ;'OS are measured at VCM = O. 
NOt86: The Input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, PO. Tj = TA + 8jA Po where8jA is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio Is measured for both supply magnitudes Increasing or decreasing simultaneously in accordance with common 
practice. 

Typical Performance Characteristics 
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~ Typical Performan~ Characteristics (Continued) 
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Pulse Response RL = 10 kll, ?L = 10 pF 

Small Signal Inverting 

TIME (0.5 ,../DlY) 

Large Signal Inverting 

TIME (10 ,../DlV) 

Application Hints 
This device is a dual low power op amp with internally 
trimmed input offset voltages and -JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore, large dif
ferential input voltages can easily be accommodated 
without a large increase in input current. The maximum 
differential input voltage Is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either in
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common-mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common-mode range again puts 
the input stage and thus the amplifier in a normal oper
ating mode. 

Exceeding the positive common-mode limIt on a single 
input will not change the phase of the output; however, if 
both'lhputs exceed the limit, the output of the amplifier 
will be forced to a high state. . , 

The amplifiers will.operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier is individually biased to allow normal cir
cuit operation with power supplies of ± 3.0V. Supply 
voltages less than these may degrade the common-mode 
rejection and restrict the output voltage swing. 
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Small Signal Non-Inverting 

TIME (0,5 ,../DlV) 

Large Signal Non-Inverting 

TIME (10 ,../DIY) 

The amplifiers will drive a 10 kllload resistance to ± 10V 
over the full temperature range. ' 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. , 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the fre
quency of the feedback pole by minimizing the capaci
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the in
verting input) to AC ground set the frequency of the pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if the feedback pole is less 
than approximately 6 times the expected 3 dB frequency 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC tim'e constant of this capaci
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 
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Typical Applications 

INPUT 
(+) 

INPUT 
OV-1OV 

o Tconlrol=75'C 15V 

o AI's output 
represents the 
amplified difference lOOk 
between the LM335 
temperature sensor 
and the crystal oven's 
temperature 

• A2, a free running 
duty cycle modulator, 
drives the LM395 to 
complete a servo loop 

o Switched mode 
operation yields high 
efficiency 

, 1% metal film 

reSistor 10k 
-15V o-...... <NIr-.. .., 

0 

XI 

BaHery Powered Strip Chart Preamplifier 
TIME CONSTANT 

I 5 10 50 100 
SEC SEC SEC SEC SEC 

1M 

1M 5M 

! tl 250k tlOk 10k 

~lpf X5 XIO X50 Xl00 

GAIN 

"No FET" Low Power V - F Converter 
03 10k 

1M 

-15V 

15V 

High Efficiency Crystal Oven Controller 

1.2M 

lOOk 

lOOk 

+---1 
I 
I 

1.2M 

Runs from 9V balleries (:t 9V supplies) 

Fully sellable gain and time constant 

Ballery powered supply allows direct 
plug·in Interface to, strip chart 
recorder without common-mode problems 

-15V 

OUTPUT 
1 Hz-I kHz 

OUTPUT TO 
STRIP 
CHART 

Trim 1M pot for 1 kHz full·scale output 

15 mW power drain 

No Integrator reset FET required 

Mount 01 and 02 In close proximity 

1 % linearity to 1 kHz 

15V 

-I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ________ T~M~E~A~ ____ ' __ ;......J 
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Typical Applications (Continued) 

Conventional Log Amplifier 

15V fiN 

OF~~~~ 1' ......... "",.,. ......... ""',.,.--'-1 VOLTAGE 
ADJUST 

-15V 

EOUr= - [109 10 (~:~) +51 
@ = Tel Labs type 081 

Trim 5k for 10 !~A through the 5k-120k combination 

*1% film resistor 

Unconventional Log Amplifier 
15V 

LM340L-12 
12V 

lk 

10k 

LM329 

10k 
12V Q-..J.Wll-.... ..J.Wll-..... 

I LOG INPUT 0----... --.... ""'" 

Q1, Q2, 03 are included on LM389 amplifier 
chip which is temperature-stabilized by the 

50k 
ZERO 

ADJUST 

-15V 

LM389 and Q2-03, which act as a heater-sensor pair. 
01, the logging transistor, is thus immune to ambient 
temperature variation and requires no temperature compensation at all. 
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lN914 

300 pF 
75k" 

15V 

2.2k" 

lOOk 

LM185 

lOOk 
SCALE 

FACTOR 
AOJUST 

r-
"T1 
t 
~ 

15V -r-
"T1 
.r::a. 
.r::a. 
t\) 



~ Detailed Schematic 

...I 112 Dual 

~ 
~ 
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Rl 
11.7k 
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~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LF444A/LF444 Quad Low Power JFET 
Input Operational Amplifier 

BI-FET II ™ Technology 

General Oescription 
The LF444 quad low power operational amplifier provides 
many of the same AC characteristics as the industry 
standard LM148 while greatly improving the DC character
istics of the LM148. The amplifier has the same band
width, slew rate, and gain (10 k(l load) as the LM148 and 
only draws one fourth the supply current of the LM148. In 
addition the well matched high voltageJFET input devices 
of the LF444 reduce the input bias and offset currents by a 
factor of 10,000 over the LM148. The LF444 also has a very 
low equivalent input noise voltage for a low power 
amplifier. • ' 

The LF444 is pin compatible with the LM148 allowing an 
immediate 4 times reduction in power drain in many 
applications. The LF444 should be used wherever 'low 
power dissipation and good electrical characteristics are 
the major considerations. 

Simplified Schematic 

1/4 Quad 

VCCO---_~-----1--......, 

-VEE 0--..... ---+------<11-------1 

Ordering Information 
LF444XYZ 
X indicates electrical grade 
Y indicates temperature range 

"M" for military, "C" for commercial 
Z indicates package type "D" or "N" 

Vo 

Features 
• 1/4 supply current of a LM148 
• Low input bias current-
• High gain bandwidth 
• High slew rate 
• Low noise voltage for low power 
• Low input'noisecurrent 
• High input impedance 
• HighgainVo = ±10V,RL =10k 

Connection Diagram 

200J<A/Amplifier{max) 
50pA{max) 

1 MHz 

W/l's 
35nV/$z 

0.01 pA/$z 
1012(l 

50k{min) 

LF444AMD/LF444CD/LF444ACN/LF444CN 
Dual-In-Line Package 

OUT4 IN4- IN 4+ V-

OUT1 IN1- INfi' V+ INzt INZ- DUlZ 

rOPVIEW 

Order Number LF444AMD 
orLF444CD 

See NS Package D14E 

Order Number LF444ACN 
orLF444CN 

See NS Package N14A 

BI·FET IJTM is a trademark of Natlonal Semiconductor Corp. 
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· Absolute Maximum Ratings 
LF444A LF444 H Package N Package 

Supply Voltage ±22V ±18V Power Dlsslpallon 900mW SOOmW 
Differential Input Voltage ±38V ±30V (Note 3) 
Input Voltage Range ±19V ±ISV TJmax IS0'C IIS'C 

(Note 1) , 
9JA 100'CIW lSO'CIW 

Output Short Circuit Continuous Continuous Operating Temperature (Note 4) (Note 4) 
Duration (Note 2) Range 

Storage Temperature -6S'C"TA"IS0'C -6S'C"TA"IS0'C 
Range 

Lead Temperature 300'C 300'C 
(Soldering, 10 seconds) 

DC Electrical Characteristics (Note 5) 

Symbol Parameter Conditions 
LF444A LF444 

Units 
Min Typ Max Min Typ Max 

Vas Input Offset Voltage Rs =10k, TA=25'C 2 5 3 10 mV 
O'C$TA$70'C 6.5 12 mV 
-55'C$TA$125'C 8 mV 

flVos/flT 
Average TC of Input 

Rs= 10 kll 10 • 10 ,.VI'C 
Offset Voltage 

Vs= ±15V 
Tj=25'C 5 25 5 50 pA 

los Input .offset Current Tj-70'C 1.5 1.5 nA 
(Notes 5 and 6) 

Tj-125'C 10 nA 

Vs= ± 15V 
Tj=25'C 10 50 10 100 pA 

Ie Input Bias Current Tj-70'C 3 3 nA 
(Notes 5 and 6) 

Tj-125'C 20 nA 

RIN Input Resistance Tj=25'C 1012 1012 Il 

Large Signal Voltage 
Vs = ± 15V, Va = ,± 10V, 50 100 25 100 V/mV 

AVOL Gail) 
RL=10kll, TA=25'C 
Over Temperature 25 15 V/mV 

Va Output Voltage Swing Vs= ±15V, RL=10kll ±12 ±13. ±12 ±13 V 

VCM Input Common·Mode ±16 +18 ±11 +14 V 
Voltage Range -17 -12 V 

CMRR 
Common·Mode 

Rs $10 kll 80 100 70 95 dB 
Rejection Ratio 

PSRR 
Supply Voltage 

(Note 7) 80 100 70 90 dB 
Rejection Ratio 

Is Supply Current 0.6 0.8 0.8 1.0 mA 

I 
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r-
AC Electrical Characteristics (Note 5) 

Symbol Parameter Conditions 
LF444A LF444 

Units 
Min Typ Max Min Typ Max i -

Amplifier-to-Amplifier 
-120 -120 dB 

Coupling 

SR Slew Rate Vs= ±15V, TA=25'C 1 1 V/p.s 

r-

i 
GBW Gain-Bandwidth Product Vs= ± 15V, TA=25'C, 1 1 MHz 

en .Equivalent Input Noise Voltage 
TA=25'C, Rs =1001l, 

35 35 nV/$z 
f= 1 kHz 

in Equivalent Input Noise Current TA=25'C, f=1 kHz 0.Q1 0.Q1 pA/..jHz 

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage . 

. Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum 
junction temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of (jjA-

Note 4: The LF444A Is available in both the commercial temperature range ODC!STA :s70 aC and the military temperature range _55°C ::=.TA:i125°C. The 
LF444 is available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device 
number. A "e" indicates the commercial temperature range and an "M" indicates the military temperature range. The military temperature range Is available 
in "D" package only. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ±20V for the lF444A and for Vs = ± 15V for the 
LF444. VOS. lB. and lOS are measured at VCM = 0, 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase In the junction temperature, Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, PD. Tj = TA + 6jA Po where 8jA Is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 

Nole 7: Supply voltage rejection ratio is measured for bath supply magnitudes increasing or decreasing simultaneously in accordance with com· 
man practice. 

Typical Performance Characteristics 

Input Bias Current Input Bias Current Supply Current 

40 10k 1000 
Vs= ±15V j 

~ TA=25'C VCM OV " I 30 ~ Vs= ±15V 800 
.... / lk 1 12J,C ili / 

.... 
ili .... 

IE 20 
./ = z 600 

'" = " 
~ 25'C '" '" 100 = '" V '" ~ :!! 10 '" 400 -55'C .. V" ~ " ~ .... I!: ~ ., .... 

3! 0 ~ 10 iil 200 3! 
./ 

-10 1 0 
-10 -5 0 5 10 -50 -25 0 25 50 75 100 125 0 5 10 15 20 25 

COMMON-MODE VOLTAGE IV) TEMPERATURE I'C) SUPPLY VOLTAGE I±V) 

Positive Common-Mode Negative Common-Mode 
Input Voltage Limit Input Voltage Limit Positive Current Limit 

25 -25 15 
-55'C,sTA",125'C 1--55'C",TA"'125'C - VSj=±j15V 

w- 20 
w_ -20 ~ 

~ ~ 
=> => 

~" "L =- =- ~ lE!:: 
I' ~i' / ~~ -15 >- 10 

~~ 
15 

~~ .... > lEw ~ II' "'- \ <>', 
lE" ~~ 'fJ. eo_ 
8~ I' 8~ V ;. \ ~g 10 

I' w= -10 
V 

=3: 
;i!:> w'" 5 !if ~~ 

> 

.\ 5 I' -5 / ~ 
~3! wz Ii! z- V 

0 0 0 \ 
0 5 10 15 20 25 0 -5 -10 -15 -20 -25 0 1 2 3 4 5 6 7 8 
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Typical Performance Characteristics (Continued) 
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Typi~al Performance Characteristics (Continued) 
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Application Hints 
This device Is a quad low power op amp with JFET input 
devices (BI-FEn. These JFETs have large reverse break
down vQltages from gate to source and drain eliminating 
the need for clamps across the inputs. Therefore, large dif
ferential input voltages can easily be accommodated 
without a large increase in Input current. The maximum 
differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result In a destroyed unit. 

Exceeding the negative common-mode limit on either in
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common·mode limit 
on both Inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common·mode range again puts 
the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common·mode limit on a single 
input will not change the phase of the output; however, if 
both inputs exceed the limit, the output of the amplifier 
will be forced to a high state.' 

The amplifiers-will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi· 
tlon. When the negative common-mode voltage sWings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier Is individually biased to allow normal cir· 
cuit operation with power supplies of ± 3.0V. Supply 
voltages less than these may degrade the common·mode 
rejection and restrict the output voltage swing. 

The amplifiers will drive a 10 kllload resistance to ± 10V 
over the full temperature range. If the amplifier is forced 

Typical Application 

to drive heavier load currents, however, an increase in 
input offset voltage may occur on the negative voltage 
swing and finally reach an active current limit on both 
positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
back'wards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

'Because these amplifiers are JFET rather than MOSFET 
in~ut op amps they do not require special han~ling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the fre
quency of the feedback pole by minimizing the capaci
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier Is resistive. The parallel resistance and 
capacitance from the input of the device (usually the in
verting input) to AC ground set the frequency of the pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible ef.fect on 
stability margin. ,However, if the feedback pole Is less 
than approximately 6 times the expected 3 dB frequency 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC 'time constant of this capaci
tc.r and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 

pH Probe Amplifier/Temperature Compensator 

tr • Polystyrene 
• Film reSistor type RN60C 

To calibrate, Insert 
probe In pH = 7 
solution. Set "temp" dial 
to solution temperature, 
then, set "calibrate" dial 
so output read 7V. 

Typical probe = 
Ingold Electrodes 
#465-35 

BI_FET™ Is a trademark of National Semiconductor Corp_ 

lk 
TEMP 

(CALIBRATE 
O°C-loo°CI 
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Detailed Schematic 

1/4 Quad 

~----.-------------------------------~----~-oV+ 
R1 
11.7k 

Q19 

r---'-o Vo 
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~National·· . 
~ Semiconductor 

Operational Amplifiersl Buffers 

LF13741 Monolithic JFET Input Operational Amplifier 

General Description 
The LF13741 is a 741 with·BI-FET input followers on 
the same die. Familiar operating characteristics - those 
of a 741 - with the added advantage of low input bias 
current make the LF13741 easy to use. Monolithic 
fabrication makes this "drop-in-repl.acement" operational. 
amplifier very eeonomical. 

Applications in which the LF 13741 excels are those 
which require low bias current, moderate speed and low 
cost. A few examples include high impedance transducer 
amplifiers, photocell amplifiers, buffers for high impe· 
dance, slow to moderate speed sources and buffers in 
sample-and·hold type systelT\s where leakage from the 
hold capacitor node must be kept to a minimum. 

Systems designers can take full advantage of their 
knowledge of the 741 when designing with the LF 13741 
to achieve extremely rapid "design t"imes."The LF13741 
can also be usett in existing sockets to make the "error 
budget" for input bias and/or offset currents negligible 
and in many cases eliminate trimming. For higher speed 
and lower noise use the LF155, LF156, LF157 series 
of BI·FET operational amplifiers. 

Features 
• Low input bias current 50pA 
• Input common-mode range to positive supply voltage 

• Low input noise current 0.01 pA/y'HZ 
• High input impedance 5 x 1011 n 
• Familiar operating characteristics 

Advantages 
• FET inputs - 741 operating characteristics 

• Lowcost 
• Ease of use 
• Standard supplies 

• Standard pin outs 
• Non-rectifying input for R F environment 

• Rapid "design time" 

Applications 
• Smoke detectors 
oi . I to V converters I 

• High impedance buffers 
• Low drift sample and hold circuits 
• High input impedance, slow comparators 
.. Long time timers 

• Low drift peak detectors 

• Supply current monitors 

• Low error budget systems 

Simplified Schematic Typical Applications 

All on one die. 

MICRO· 
PROCESSOR 

SERIAL DATA OUT 
(lSBFIRST) 

HOLD 

RESET 
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Absolute Maximum Ratings 
Supply Voltage ±18V 

500mW 
O°C to +70°C 

100°C 
±30V 

Input Voltage Range (Note 2) ±16V 
Power Dissipation (Note 1 ) 
Operating Temperature Range 

Tj(MAX) 

Output Short Circuit Duration Continuous 
Storage Temperature Range -ti5°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Differential Input Voltage 

DC Electrical Characteristics (Note 3) 

SYMBOL 

VOS 

t..VOS/t..T 

lOS 

Vo 

VCM 

CMRR 

PSRR 

IS 

PARAMETER 

Input Offset Voltage 

Voltage Offset Adjustment 

Range 

Average TC of Input Offset 

Voltage 

Input Offset Current 

Input Bias Current 

Input Resistance 

Large Signal Voltage Gain 

Output Voltage Swing 

Input Common-Mode Voltage 

Range 

Common-Mode Rejection Ratio 

Supply Voltage Rejection Ratio 

Supply Current 

CONDITIONS 

RS = 10 kn, TA = 25°C 

Over Temperature 

RS = 10 kn 

Tj = 25°C, (Notes 3, 4) 

Tj $ 70°C 

Tj = 25°C, (Notes 3, 4) 

Tj $ 70°C 

Tj = 25°C 

VS=±15V, TA = 25°C 

Vo =±10V, RL =2kn 

Over Temperature 

Vs = ±15V, RL = 10 kn 

Vs = ±15V 

RS$10 kn 

(Note 5) 

AC Electrical Characteristics (Note 3) 

SYMBOL 

SR 

GBW 

PARAMETER 

Slew Rate 

Gain-Bandwidth Product 

Equivalent Input Noise Voltage 

Equivalent Input Noise Current 

CONDITIONS 

VS=±15V, TA=25°C 

VS=±15V, TA = 25°C 

TA= 25°C, RS= 100 n 

f= 100 Hz 

f = 1000 Hz 

Tj = 2SoC 

f=100Hz 

f=10QOHz 

MIN 

10 

25 

15 

±12 

±11 

70 

77 

MIN 

TYP 

5 

10 

10 

50 

1.6 

5x 1011 

100 

±13 

+15.1 

-12 

90 

96 

2 

TYP 

0.5 

1.0 

50 

37 

0.01 

0.01 

MAX 

15 

20 

50 

2 

200 

8 

4 

MAX 

UNITS 

mV 

mV 

mV 

p.vfc 

pA 

nA 

pA 

nA 

n 
V/mV 

V/mV 

V 

V 

V 

dB 

dB 

mA 

UNITS 

V/Jl.S 

MHz 

nV/..;Hz 
nV/VHz 

pA/VHz 

pA/VHz 

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 1So<'C/W junction to ambient or 
45° C/W junction to case. 
Nota 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
Not.3: Thes. specifications apply for Vs = ±15V and O·C S. TA S. +70·C. VOS, IB' and lOS are measured at VCM = O. 
Note 4: The input bias currents are junction leakage currents which approximately double for every iooe increase in the junction temperature, 
Tj. Due to limited production test time, the input bias currents'measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, PO. Tj = T A + 9jA Po where 9jA is the thermal resis
tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a miOimum. 

Note 5: Supply Voltage Rejection Ratio is measured for both supply magnitudes increasing or decreasing sim':J1taneously in accordance with 
common practice. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Application Hints 

-GENERAL CHARACTERISTICS 

. The LF13741 makes the job of converting from a 
bipolar to a FET input op amp easy. As a systems 

.designer you are probably very familiar with the 
operating characteristics of a 741 op amp. In fact, many 
of you have used 741s with FET input followers-that's 
just what the LF13741 is, but it's all on a single die. 

When you need a low cost, relia!;lle, well known op amp 
with low input currents and moderate speed, use an 
LF13741. 

DIFFERENTIAL INPUTS 

You don't have to use clamps across the inputs for 
differential input voltages of less than 40V. The input 
JFET's of the LF13741, in addition to being well 
matched, have large reverse breakdown voltages from 
gate to source and drain.' 

POSITIVE INPUT COMMON·MODE VOLTAGE LIMIT 

With the LF13741 (unlike the normal 741) you can take 
both inputs above the positive supply voltage by more 
than 0.1 V before the amplifier ceases to function. 
This feature enables you to use the LF13741 to monitor 
and/or limit the curre':1t from the same supply used to 
power it (see typical applications). 

If you exceed the positive common·mode voltage limit 
on only one input the output phase will remain correct. 
When you exceed the limit on both inputs, the output 
phase is unpredictable. 

NEGATIVE INPUT COMIVION·MODE VOLTAGE 
LIMIT 

There are two negative input voltage ranges of interest: 

1. The range between the negative common'!T1ode 
voltage limit and the negative supply voltage. 

2. Voltages which are more negative than the negative 
supply voltage. . 

If you take only one o~ the inputs of the LF 13741 
into the first range, the output phase will remain correct. 
When you take both inputs into this range the output 
will go toward the positive supply voltage. 

If you force either or both of the inputs into the second 
range, an internal diode will be turned "ON." Unless you 
externally limit the diode current to about 1 mA, the 
device will be destroye~1. In either case, limited or 
unlimited input current, you cannot predict the output. 

HANDLING 

You do not have to take any special precautions in 
handling the LF13741.lt hasJFET,as opposed to fragile 
MOSFET, inputs. 

APPLYING POWER 

You should never: reverse the, power supplies to the 
LF13741; plug a part in backwards in a powered socket 
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or board; make the negative supply voltage' more positive 
than an input voltage. ' . 

Anyone of these supply conditions will forward bias an 
internal diode. If you have not externally.limited the 
resulting current, the device will be destroyed. 

LAYOUT 

To ensure stability of response ~ou should take care 
with lead dress, component placement and power supply 
decoupling. For example, the body of feedback resistors 
(from output to input pins) should be placed close to 
the inverting input pin. Noise "pickup" and capacitance 
to gro'und from the input pin will, be minimized-effects 
which are usually desirable. 

Because of the very low input bias currents of the 
LF13741, special care should be taken in printed circuit 
board layouts to prevent unnecessary leakage from the 
Input nodes, (see typical applications) .. 

FEEDBACK POLE 

You create a feedback pole when' you place resistive 
feedback around an amplifier. The parallel resistance 
and capacitance from the input of the device (usually 
the inverting input) to ac ground set the frequency of 
the pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and there is negligible effect on stability 
margin. However, if the feedback pole is less than 
approximately six times the expected 3 dB frequency, 
(a distinct possibility when using' FET op amps) you 
should place a lead capacitor from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capaci
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant (Figure 1). 

C2 

R2 

V+ 

Parasitic input capacitance Cl '" (3 pF for LF 13741 plus any 
additional layout capacitance) interacts with feedback elements 
and creates undesirable high frequency pole. To compensate, 
add C2 such that: R2C2'" R1Cl. 

FIGURE 1 



Typical Applications (Continued) 

VIN 

Guarded Voltage Follower 

Circuits Using Guard Rings to Prevent 
Leakage Currents Between Inputs and V-

Guarded Inverting Amplifier 

RI R2 
VIN o--\M.,.... ... --"'V"" ...... --..., 

>~-OVOUT 

>~_OVOUT 

OUTPUT 

V-

VIN 

II" 

V-

R3 

0---", 

GUARD 

01 

Guarded'instrumentation Amplifier 

R2 

,8 
o 

A2 
Av= -

AI 

A3 = Al11A2 

6 C>--0UTPUT 

71 
v+ 

lOOk 

RI II" 
10k 

VOUT 
R3 
10k 

R6 
lOOk 

DC REFERENCE 

R5 
10k 

VOLTAGE 
OR GROUND 

II" 

VOUT A2 
• -; Al =A3,A2=A4 

VIN R1 
• CMRR depends upon Rl-R3, R2-R4 matching 

V- • Trim R4 to boost CMRR 
• R5, R6 5% resistors 
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~ Typical Applications (Continued) 

.... 
LL 
..J 

Bridge Amplifier 

>+-oVOUT 

ForRf~> R 

vO= VR2EF(:f) ~,:J 

Automatic Vios Adjust (RslRG ~ 100) For Instrumentation Amplifier 

-, 
I 

22M 

6 I 
VbO ____ ~--~14~~e-~I----~ I . I 

I I 
I I 
I I 
I I 
I I 

4k4+ 

0.0022 pF 
160 

LF13333 
SWITCHES 

-5V-n 

OV...J L. 
-111- tMIN for VOUT = ±10V = 3.5 ms 
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22M 

">I~+-OVOUT 

0.1 pF 

15V 



Typical Applications (Continued) 

TIME 

S 
RESET 

Auto Zero Circuit for LF356 

..... ~t-~t-O 15V 

51k 

5V 1'1 ZERO 
. ~ L-o 

NORMAL 

• With the output having a 10k load resistor minimum pulse 
width to zero ~800 1" 

• The capacitor on the output reduces the output switch glitch 

114 LF13333 

V+ 

V-

CI 

Long Time Timer 

15V 

---~ 
R 

10M 
11 ADJUST 

• Time = - VTHRESHOLD 1, 
• Output goes high on time out 

15V 

• Reverse op amp inputs for output Iowan time out 

• C1 low leakage capacitor 

OUTPUT 

3-95 

Ultra-Low (Or Highl Duty Cycle Pulse Generator 

Rl 

IN914 R2 
.......... 1--...... "",..,.-... -0 OUTPUT 

V+ 

V· 

1M 1M 

1M 

V-

4.8 -2VS . 
• tOUTPUT HIGH ~ RIC Rn 

4.8 -VS 

2VS -7.8 
• tOUTPUT LOW ~ R2C Rn ---

Vs -7.8 

where Vs = V+ + IV-I 
*Iow leakage capacitor 



Typical Applications (Continued) 

Up/Down Staircase Generator!Stap and Hold 
UP 

d DOWN ' 

1& & 
4 , 

114 LF13333 1/4 LF13333 ":' 
. 1 1 

1 1 
1 1 

_I 1 
I I 

~ P ... F-"""0"'kv-.... 

10k 15 

HOLD 

~...r 
8 STEP 

V'- y+ 
5 12 

1114 LF13333 

1 
1 
1 
1 
1 
I 

.lST ymp 
. 1114 LF13333 

Y- UP DOWN' 

Supply Current Indicator/Limiter 
Low Drift Adjustable Voltage Reference 

_---2;;,N411r8-----. 

HS 
TO SYSTEM SUPPL Y 

YSUPPL Y o-..... ~V\,.,. ... ----t----. YOLTAGE CONNECTION 

lN814 

250k >-t----.I 

180k, 

.......... -OYHEF = lOY 

• VREF = ID(P' + Rl + R2l, 10 '" lOSS (I _ ::S) 2 Y-

• VOUT switches high when RSIS > VD 

HI 

YO 

• T,im 250k potentiometer for drift adjust 
• Trim lOOk potentiometer for VREF adjust 

Supply Current Monitor 

~ 

Rl 
Vo = 5 - (V/mA of lSI 

R2 f 

Rl,R2, R3: 0.1% resistors 
Use LF13741 for low Ie 
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Typical Applications (Continued) 

Low Drift Peak Detector 

r Ch 

RR/ 
RECOYERY 

TIME ADJUST ':" 

* Low leakage capacitor 

Ultra-Low Drift Peak Detector 

20k 

>-+-oYOUT 

>~~OYOUT 

YIN 

• Sy adding 01 and Rf. VOl = 0 during hold mode. Leakage of 
02 provided by feedback path through Rt. 

• Leakage of circuit is IS plus leakage at Ch. 
• 03 clamps VOUT AI to VIN - V03 to improve speed and to 

limit the reverse bias of 02. 
• Maximum input frequency should be« 1/21TRfC02. where 

C02 is the shunt capacit.ance of 02. 
* Low leakage capacitor 

Low Current Ammeter 

Comparator with Offset Adjust for Hi·Z Inputs 

y+ 

YOUT 

Y-

V- + 3V!> VIN!> v+ + O.IV 

+ 

3·97 

IFULL SCALE 
100nA 
500nA 

I"A 
5"A 
101LA 
50 "A 
100"A 

y+ 

RF RS 
ISM ISM 
300k 300k 
300k 0 
60k 0 
30k 0 
6k 0 
3k 0 

-



Typical Applications'(continUed) 
I-ong Time Integrator Precision Current Sink 

RESET • 

---.r-
y+ 

---, 
y+ 1 

INTEGRATE 
y-

C* 

R 

VIN 
lOUT = R . where lOUT SlOSS 

y-

• Low lea kage capacitor 

Photo Cell Amplifier (I to V Converter) 

Y-

Connection Diagrams (Top Views) 

TO·99 Metal Can Package 

NC 

Y-
Order Number LF13741 H 

See NS Package HOSC 

Note: Pin 4 connected to case. 

R 

y+ 

Y-

3·98 

> .... -OYOUT 

BALANCE 

INPUT 

INPUT 

Y-

, Dual·ln·Line Package 

Order Number LF13741N 
See NS Package NOSB 

NC 

v+ 

OUTPUT 

BALANCE 

lOUT 



~National 
~ Semiconductor 

Oper~tional Amplifiersl Buffers 

LM10/LM10B(L}/LM10C(L} Op Amp and Voltage Reference 

General Description 
The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and 
an independent, high quality op amp. 

The unit can operate from a total supply voltage as low 
as '1.1 V or as high as 40V, drawing only 270/lA. A com
plementary output stage swings within 15 m V of the 
supply terminals or will deliver ±20 mA output current 
with ±0.4 V saturation. Reference output can be as low 
as 200 mV. Some other characteristics of the LM10 are 

• input-offset voltage 

• input·offset current 
• input-bias current 

• reference regulation 

• offset·voltage drift 

• reference drift 

2,0 mV (maxI 

0.7 nA (maxI 

20 nA (maxI 

0.1% (maxI 

2/lVI"C 
0.002%I"C 

The circuit is recommended for portable equipment and 
is completely specified for operation from a single power 
cell. In contrast, high output·drive capability, both 
voltage and current, along with thermal overload pro
tection, suggest it in demanding general-purpose 
applications. ' 

The device is capable of operating in a floating mode, 
independent of fixed supplies. It can function as a remote 
comparator, signal conditioner, SCR controller or trans· 
mitter for analog signals, delivering the processed signal 
on the same line used to supply power. It is also suited 
for operation in a wide range of voltage· and current· 
regulator applications, from low voltage~ to several 
hundred volts, providing greater precision than existing 
ICs. 

This iseries is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. 
In addition, a low·voltage specification (suffix "L"I is 
available in the limited temperature ranges at a cost 
savings. 

Connection and Functional Diagrams 

Metal Can Package (H) 

REFERENCE 
FEEDBACK 

TOP VIEW 

Order Number LM10H, LM10BH, LM10CH, 
LM10BLH or LM10CLH 
See NS Package HOBA 

REFERENCE 
OUTPUT 

OPAMP 
INPUT(-) 

OPAMP 
INPUT(+) 

v-

Dual·ln·Line Package (N) 

TOP VIEW 

REFERENCE 
FEEDBACK 

v+ 

OPAMP 
OUTPUT 

BALANCE 

Order Numb.er LM10CN or LM10CLN See NS Package NOBB 

REFERENCE 
BALANCE OUTPUT FEEDBACK 
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REFERENCE 

REFERENCE 
OUTPUT 

~--------~----~--~V-
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Absolute Maximum Ratings 
LM10/LM10B/LM10C LM10BL/LM10CL 

Total supply voltage 45V 7V 
Differential input voltage (note 1) ±40V ±7V 
Power dissipation (note 2) internally limited 
Output short-circuit duration (note 3) indefinite 
Storage-temperature range -55°C to +150°C 
Lead temperature (soldering, 10s) 300°C 

Electrical Characteristics (TJ = 25°C, TMIN::; TJ::; TMAX, note 4) 

(Boldface type refers to limits over temperature range.) 

PARAMETER CONDITIONS 
LM10/LM10B 

MIN TYP MAX 

Input offset voltage 0.3 2.0 
3.0 

Input offset current 0.25 0.7 
Inote 5) 1.5 

Input bias current 10 20 
30 

Input resi stance 250 500 
150 

Large signal voltage Vs = ±20V, lOUT = 0 120 400 
gain VOUT = ±19.95V 80 

Vs = ±20V, VOUT = ±19.4V 50 130 
lOUT = ±20 mA (±15 rnA) 20 

Vs = ±0.6V (0.65Vl, lOUT = ±2 mA 1.5 3.0 
VOUT = ±OAV (±0.3Vl, VCM = -GAV 0.5 

Shunt gain (note 6) 1.2V (1.3V) ~ VOUT ~ 40V, 14 33 
RL = 1.1 kSl 

0.1 mA ~ lOUT ~ 5 mA 6 

1.5V ~ V+ ~ 40V, RL = 250Sl 8 25 
0.1 mA~ lOUT ~ 20 mA 4 

Common-mode -20V ~ VCM ~ 19.15V 119V) 93 102 
rejection Vs = ±20V 87 

-Supply-voltage 90 96 -o.2V>V >-39V 
rejection V+ = l:OV (i'lV) 84 

1.0V (l.lV) ~ V+ ~ 39.8V 96 106 
-

V = -0.2V 90 

Offset voltage drift 2.0 

Offset current drift 2.0 

Bias current drift TC < 1000 e 60 

Line regulation 1.2V (1.3V) ~ Vs ~ 40V 0.001 0.003 
a ~ IREF ~ 1.0 mA, VREF = 200 mV 0.006 

Load regulati on O~ IREF~ 1.0 inA 0.01 0.1 
V+- VREF 2: 1.0V (1.1V)· 0.15 

Amplifier gain 0.2V ~ VREF ~ 35V 50 75 
23 

Feedback sense 195 200 205 
voitage 194 206 

Feedback current 20 50 
65 

Reference drift 0.002 

Supply current 270 400 
500 

Supply current 1.2V (1.3V) ~ Vs ~ 40V 15 75 
change 
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LM10C 
UNITS 

MIN TYP MAX 

0.5 4.0 mV 
5.0 mV 

004 2.0 nA 
3.0 nA 

12 30 nA 
40 nA 

150 400 kSl 
115 kSl 

80 400 V/mV 
50 V/mV 

25 130 V/mV 
15 V/mV 

1.0 3.0 V/mV 
0.75 V/mV 

10 33 V/mV 

6 V/mV 

6 25 V/mV 
4 V/mV 

90 102 dB 
87 dB 

87 96 dB 
84 dB 

93 106 dB 
90 dB 

5.0 INte' 

5.0 pAte 

90 pAte 

0.001 0.008 %/V 
0.01 %/V 

0.01 0.15 % 
0.2 % 

25 70 V/mV 
15 V/mV 

190 200 210 mV 
189 211 mV 

22 75 nA 
90 nA 

0.003 %tc 
300 500 IlA 

570 IlA 

15 75 /lA 



Electrical Characteristics (TJ = 25°C, TMIN:5 TJ:5 TMAX, note 4) 

(Boldface type refers to limits over temperature range.) 

PARAMETER CONDITIONS 1----:=,..--rL:::.M==1;.:0,=-B,L---:::-:-:c:-+-:-:c::-:--iL:::.M==1:-:0,=C:.::;Lr--:,:-:-:-:-I UNITS 
MIN TYP MAX MIN TYP MAX 

Input offset voltage 

Input offset current 

(note'5) 

Input bias current 

Input resistance 

Large signal voltage 
gain 

Shunt gain (note 6) 

Common·mode 
rejection 

Supply·voltage 
rejection 

Offset voltage drift 

Offset current drift 

Bias current drift 

Line regulation 

Load regulation 

Amplifier gain 

Feedback sense 
voltage 

Feedback current 

Reference drift 

Supply current 

Vs = ±3.25V, lOUT = 0 
VOUT = ±3.2V 

Vs = ±3.25V. lOUT = 10 mA 
VOUT = ±2.75V· 

Vs = ±0.6V (0.65V), lOUT = ±2 rnA 
VOUT = ±O.4V (±0.3V), VCM = -O.4V 

1.5V:S V+:S 6.5V, RL = 500n 
0.1 mA:SI OUT:Sl0mA 

-3.25V:S VCM :S 2.4V (2.25V) 
Vs = ±3.25V 

-il.2V > V- > -5.4 V 
V+ = l:OV (l~2V) 

1.0V (l.1V) < V+ < 6.3V 
V-= 0.2V - -

1.2V (l.3V) :S Vs :S 6.5V 

O:S IREF:S 0.5 rnA, VREF = 200 mV 

0;:; IREF:S 0.5 rnA 
V - VREF ~ 1.0V (1.1V) 

0.2V:5 VREF:S 5.5V 

250 
150 

60 
40 

10 
4 

1.5 
0.5 

8 
4 

89 
83 

86 
80 

94 
88 

30 
20 

195 
194 

0.3 2.0 0.5 4.0 

0.1 

10 

500 

300 

25 

3.0 

30 

102 

96 

106 

2.0 

2.0 

60 

0.001 

0.01 

70 

200 

20 

0.002 

260 

3.0 5.0 

0.7 0.2 2.0 
1~ 3n 

20 12 30 
30 40 

0.01 
0.02 

0.1 
0.15 

205 
206 

50 
65 

400 
500 

150 
115 

40 
25 

5 
3 

400 

300 

25 

1.0 3.0 
0.75 

6 30 
4 

80 102 
74 

80 96 
74 

80 106 
74 

20 
15 

190 
189 

5.0 

5.0 

90 

0.001 

0.01 

70 

200· 

22 

0.003 

280 

0.02 
0.03 

0.15 
0.2 

210 
211 

75 
90 

500 
570 

mV 
mV 

nA 
nA 

nA 
nA 

kn 
kn 

V/mV 
V/mV 

V/mV 
V/mV 

V/mV 
V/mV 

V/mV 
V/mV 

dB 
dB 

dB 
dB 

dB 
dB 

/lvtc 

pAtC 

pAtC 

%IV 
%IV 

% 
% 

V/mV 
V/mV 

mV 
mV 

nA 
nA 

%tc 

/lA 
/lA 

Note 1: The input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the 
maximum differential input voltage and excess dissipation is accounted for when VIN < V-. 

Note 2:· The maximum, operating·junction temperature is 150°C for the LM10, 100°C for the LM10BIL) and 85°C for the LM10CIL)' At 
elevated temperatures, devices must be derated based on package thermal resistance. 

Note 3: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the IC can be subjected to accelerated stress 
with a shorted output and worst-case conditions. 

Note 4; These specifications apply for V- :s VCM :s V+ - 0.85V (1.0Vl, 1.2V (1.3V) < Vs :£ VMAX, VREF = 0.2V and 0 ~ IREF ~1.0 rnA, 
unless otherwise specified: VMAX = 40V for the standard part and 6.SV for the low voltage part. Normal typeface indicates 25°C limits. Boldface 
type indicates limits and altered test conditions for full-temperature-range operation; th is is -55° C to 1250 C for the LM1 0, -250 C to 85° C for the 
LM10B(LI and O°C to 70°C for the LM10CILI. The specifications do not include the effects of thermal gradients 171 '" 20 msl, die heating 
(T2 ~ 0.2s) or package heating. Gradient effects are small and tend to offset the electrical error (see curves). 

Note 5: For TJ > 90°C, lOS may exceed 1.5 nA for VCM = V-. With TJ = 125°C and V-:s VCM ::: V- + O.lV, 10S:S 5 nA. 
N~te 6: This defines operation in floating applications such as th~ bootstrapped regulator or two-wire transmitter. Output is connected to the 
V terminal of the Ie and input common mode is referred to V (see typical applications). Effect ot larger output-voltage swings with higher 
load resistance can be accounted for py adding the positive-supply rejection error. 
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Typical Per:formance Characteristics (Op Amp) 

input current 
15 

C 
..s 
I-z 

-r-:- I VCM'V~~ 
r--- BIAS r---

VCM:';;y-~ 
~ 

l;! Vs = ±2DV ., 
g -15 
I-= 0.6 !; 

J--- OFFSET .L. 
o 
-50 -25 25 50 75 100 125 

~ 
~ 
W 

lk 

till 100 
S 
Z 
I-

~ 
!! 

10 

1.0 

0.5 

2 
w 0.2 

" ~ 0.1 
~ 0.05 
z 
C> 0.02 

S 0.01 

50.005 

O.OOZ 

0.001 

TEMPERATURE eC) 

input noise voltage 

111111 

Rs'" 1M 

J!I~I\oJk 
Rs" 0 

llllUL L 
11111111 

10 100 lk 10k lOOk 

FREOUENCY (Hz) 

output saturation characteristics 

I I 

f--ZLA '20~~~~ 
,'';;':j.: - -

r--l0mA 
'\::.r :£ --

r---lmA lmA 1 mA 
-tmA I'_.l-:::--:= 

IL =-0.1 mA ,_ 'L :.O! mA _ 
0 

NP~_ 

40 

--PNP 
Vs = ±2V 
TA ' -55'C 

-O.l -0.2 -0.1 0.1 0.2 O.l 

OFFSET VOLTAGE1:HANGE (mV) 

minimum supply voltage • 

I.B 
NPN 

2 1.6 w 

" '" !:; 
1.4 C> 

> 
~ 
I!:: 1.2 
iil .... 
:!-
c 1.0 
I-

--PNP 0 

T.· -SS'C 
VSAT = 1.0V J 

I -lmA 
\_20!~ L -10j~ 

'L =-20mA 
, 
, , 

-- -S~ -!- --r-- 10mA 
lmA 

O.B 
0.3 0.2 0.1 -0.1 -0.2 

OFFSET VOLTAGE CHANGE ,,;,V) 

2 -0.5 

f.! 
.. -1.0 
:::; 
w 
c 
c 
:; 
z 
c 

! 

m 
:!! 
z 
~ 
w 

" '" !:; 
C 
> 

-0.5 

Il0 

120 

110 

100 

.90 

common mode limits 

-Z5 25 50 75 100 125 

TEMPERATURE ('C) 

de voltage gain 

III V,, '12V 
Vo = tlDV 

'or--. 1IIIIn II 
...... T.· -55'C 

l~cl. -
I'" lui II I 

l~m~ f-

IIliWI 
lOOk 10k lk 100 

LOAD RESISTANCE (n) 

output saturation characteristics 

1.0 r---r-..,,--.,--, ...... - ....... ---. 

0.5 1-::+-JY-T-t-i"'lii"'-=j;-;;;;c.;;;J 
~ 0.2 I-oo..../£--L-,.-ft''i<o.,p..-,' 
~ 0.1 f--:~-'+-II'-t'''?'l-=~~ 
~ 0.05 1::::21~;;oI''-fIfi--'''\;;--'-F-t 

!!i 0.02 I::::=":;:!..:!:::!*'-j~r-'+"=-+---; ;:. = 0.01 

~ 0.005 1==t==t::"'-lJ-.:-.J...=b~ 
0.002 
0.001 '---'_-'-.L....L.._-'-_'---' 

-11.3 -0.2 -D. 1 0.1 0.2 O.l 

OFFSET VOLTAGE CHANGE (mV) 

minimum supply voltage 

~ 1.6 

~ _ 1A 
> 
~ 
~ 1.2 
.... 
~ 1.0 
I-

0.2 0.1 -D. 1 -D.2 -O.l 

OFFSET VOLTAGE CHANGE (mV) 
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offset voltage drift 

0.5 

....... -f-- "\. 

-0.5 
-50 -Z5 0 25 50 75 100 125 

TEMPERATURE ('C) 

transconductance 

100 

C 50 
.E 
w 20 

" z 10 '" ~ 
I-

~ ., 
g 

Vs~±2V 
VSAT ~IV 

H~;" / 
~,~ 
~v 

.<> 
)'1 $if 

I- 0.5 = 
~ = 0.2 c 

I I 1111 0.1 
0.01 0.02 0.05 0.1 0.2 0.5 1.0 

OFFSET VOLTAGE CHANGE ('mV) 

output saturation characteristics 

1.0 '-'-'--'-711......,==="--' 
0.5 boi=-f-::,>'fJ'-I:-

~ O.2t:J::::2~F-ti~~f:; 
= 0.1 

~ 0.05 1.-,6>-+"""~--blrm~k 
> 
!!i 0.02 b-;';;;:""f:=:::t=----J.Jf/-A-:-t-==-+ 
S 0.01 f--+--+-+-~'---1e--I--+-l 
~ 0.005 F.=::I::;;:;±=;-f---tr----j-
~ Vs"±2V 

0.002 1-+--l-+>4-l---T •• 125'C 
0.001 L--'---L--""t....::-'--'----''-_-' 

1.0 ~.B -D.6 -D.4 -0.2 0.2 D.4" 0.6 

OFFSET VOLTAGE CHANGE (mV) 

minimum supply voltage 

I.B 
-NPN 

2 --PNP 
w 1.6 fA • 12S'C 

" '" VSAT " 1.0V 
!:; I c 

1.4 'L "-10mA > 
> 1-15~A ~ 
iil I.Z -20mA .... I '" I- 10"A c 
I- 1.0 

O.B 
1.5 1.0 0.5 0 -0.5 -1.0 -1.5 

INPUT VOLTAGE CHANGE (mY) 



Typical Performance Ctlaracteristics (Op Amp) 
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Typical Performance Characteristics (Op ·Amp) 
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Typical Applications tt 

op amp offset adjustment 

standard limited range 

v' v, 

....... +--VREF '-t-+--VREF 

tUse only electrolytic output capacitors.' . 
"Circuit descriptions available in application Rate AN-211. 
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Typical Applications tt 
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tt circUit descriptions available in application note AN·21'. 
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Typical Applications tt 
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tt Circuit descriptions available in application note AN·21'. 
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Typical Applications tt 
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tt Circuit descriptions available in application note AN-211. 
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Typical Applications tt 
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Typical Applications tt 

meter amplifier 
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tt Circuit descriptions available in application note AN·211. 
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thermometer 
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Typical Applications tt :s: 

TlHAC 
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ttCircuit descriptions available in application note AN·211. 

Application Hints 

isolated voltaae sensor 
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5k 

feEDBACK TO Dell C!- SWITCH 
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tcontrob "loopgBln" 
11; optional frequency ~haping 

light-level controller 
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2W 
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ST2 

With heavy amplifier loading to V-, resistance drops in the V- lead can adversely affect reference regulation. Lead resistance can approach In. Therefore. the common to the 
reference circuitry should be connected as cl~se as possible to the package. . 
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Reference and Internal Regulator 
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Definition of Terms, 

Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output 
in the linear region. 

Input offset current: The difference in the currents 
at' the input terminals when the output is unloaded 
in the I inear region. 

Input bias current: The absolute value of the average 
of the two input currents. ' 

Input resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Large signal voltage gain: The ratio of the specified 
output voltage swing to the change in differential 
input voltage required to produce it. 

Shunt gain: The ratio of the specified output voltage 
swing to the change in differential input voltage required 
to produce it with the output tied to the V+ terminal 
of the IC. The load ~nd power source are connected 
between the V+ 'and V- terminals, and input common
mode is referred to the V- terminal. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the 
extremes. 

Supply-voltage rejection: The ratio of the specified 
supply·voltage change to the change in offset voltage 
'between the extremes. 

Line regulatjon: The average change in reference output 
voltage over the specified supply voltage range. 

Load regulation: The change in reference output voltage 
'from no load to that load specified. 

Feedback sense voltage: The Voltage, referred to V-, 
on the reference feedback terminal while operating 
in regulation. 

3-114 

Reference amplifier gain: The ratio of the specified 
reference output change to the change in feedback 
sense voltage required to produce it, 

Feedback current: The absolute value of the current 
,at the feedback terminal when oper~ting in regulation. 

Supply current: The current required from the power 
source to operate the amplifier and reference with 
their outputs unloaded and operating in the linear 
range. 



~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LM11/LM11C/LM11CL Operational Amplifiers 

General Description 
The LM11 is a precision de amplifier combining the best 
features of existing bipolar and FETop amps. It is similarto 
the LM108A, except that input currents have been reduced 
by more than a factor of ten. Offset voltage and drift have 
also been improved. 

Compared to FETs: the device provides inherently lower 
offset voltage and offset voltage drift, along with at least 
an order of magnitude better long·term stability. Low fre· 
quency noise is also somewhat reduced. Bias current is 
significantly lower even under laboratory conditions, and 
its low drift makes compensation practical. Offset current 
is almost unmeasureable. Although not as fast as FETs, it 
does have a much lower power drain. This low dissipation 
has the added advantage of eliminating warm up time in 
critical applications. 

Typical characteristics for 25 D C (- 55°C to 125°C) are: 

• offset voltage: 100 IN (200 "V) 

• bias current: 25 pA (65 pAl 
• offset current: 0.5 J:1A (3 pAl 
• temperature drift: 1 "V/oC 
• long·term st;ibility: 10 "V/year 

Connection Diagrams 
metalcan* 

V
TOP VIEW 

Order Number LM11H, LM11CH, or LM11CLH 
See NS Package H08C 

mini· DIP 

The LM11 is internally compensated, but external compen· 
sation can be added for improved frequency stability, par
ticularly with capacitive loads. Offset voltage balancing is 
also'provided, with the balance range determined by a low· 
resistance potentiometer. 

Otherwise, the device is the electrical equivalent of the 
LM108, except that the negative common·mode limit is 
0.6V less, performance is specified down to ± 2.5V and the 
guaranteed output drive has been increased to ± 2 mAo The 
input noise is somewhat higher, but amplifier noise is 
obscured by resistor noise with higher source resistances. 

This monolithic IC has obvious applications as electro· 
meter amplifiers, charge integrators, analog memories, 
low frequency active filters or for frequency shaping in 
slow servo loops. It can be substituted for existing circuits 
to provide improved performance or eliminate trimming 
operations. The greater precision can also be used to ex
tend the dynamic range of logarithmic amplifiers, light 
meters and solid·state particle detectors. 

The LM11 is manufactured with standard bipolar proces· 
sing using super·gain transistors. 

dual·ln-line package 

NC 

NC 

BALANCE 

OUTPUT 

TOP VIEW 

Order Number LM11D, LM11CD, or LM11CLD 
See NS Package D14E 

Order Number LM11CN·14 or LM11CLN·14 
See NS Package N14A 

TOP VIEW' * case connected to V-
Order Number LM11CN or LM11CLN 

See NS Package N08B 
guard pins have no Internal connection 

pin connections shown on schematic diagram and for typical applications 
are for metal can or mini-DIP. 
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Absolute Maximum Ratings 
total supply voltage 40V 

input current (note 1) ±10mA 

power dissipation (note 2) 500mW 

output short-circuit duration (note 3) indefinite 

storage temperature range - 65·C to 150·C 

lead temperature (soldering, 10 seconds) 300·C 

Electrical Characteristics (TJ =25·C, TMIN-oTJ-oTMA» note 4) 
(Boldface type refers to limits over temperature range_) 

, 

parameter conditions 
LMl1 LMllC LM11CL 

units 
typ lim typ lim typ lim 

input offset voltage note'4 0.1 0.3 0.2 0.6 0.5 5 mV 
0_6 0.8 6 mV 

input offset current note 4 0.5 10 1 10 4 25 pA 
30 20 50 pA 

input bias current note 4 25 50 40 100 70 200 pA 
150 150 300 pA 

input resistance note 4 1011 1011 1011 {l 

offset voltage drift note 4 1 3 2 5 3 "V/·C 

offset cur.rent drift T MI~T foT MAX 20 10 50 fAl'C 

bias current drift T MI~T foT MAX 0.5 1_5 0.8 3 1.4 pA/·C 

large signal voltage gain Vs ±15V, lour= ±2 mA 300 100 300 100 300 25 V/mV 
Vour= ± 12V (± 11_5V) 50 50 15 V/mV 

Vs= ±15V, lour= ±0.5 mA 1200 250 1200 250 800 50 V/mV 
Vour ± 12V 100 100 30 V/mV 

common-mode rejection -13V (-12.5V)",VCM",14V 130 110 130 110 110 96 dB 
Vs= ± 15V 100 100 90 dB , 

supply-voltage rejection ± 2.5V .. Vg.; ± 20V 118 100 118 100 100 84 dB 
I 96 96 80 dB 

supply current note 4 0.3 '0.6 0.3 0.8 .0.3 0.8 mA 
0_8 1 1 mA 

output short-circuit current TJ =150'C ±15 mA 

note 1: The Inputs are shunted with back·la-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in 
excess of 1V is applied between the inputs unless some limiting resistance Is used. In addition, 82 kO minimum resistance in each input is advised to avoid 
possible latch up Initiated by supply reversals. 
note 2: rhe maximum operating·iunction temperature Is 150"C for the LMII and 85"C for the LMllC{L). Devices must be derated based on package ther-
mal reSistance (see physical dimensions). 
note 3: Current limiting protects the output when It is shorted to ground or any voltage less than the supplies. With continuous overloads, package dissipa· 
tlon must be taken into account and heat sinking provided when necessary. 
note 4: These specifications apply for V - + 2V (2.5V)<V CM<V + -1V and ± 2.5V<VS< ± 20V, unless otherwise specified. Normal typeface Indicates 25"C 
limits. Boldlace type Indicates limits lor lutl·temperature range operation. This Is -55"C<TJ<125"C for the LMll and o 'CXTJ<70"C for the LMllC{L). 

-
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Typical Characteristics 
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offset: single source resistor 
(unbalanced) 
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Typical Characteristics' (Continued) 

open loop response follower final settling time inverter final settling time 
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FREOUENCY (Hz) EXTERNAL COMPENSATION CAPACITOR (,F) 

Application Hints 
When working with circuitry capable of resolving 
picoampere level sig'nals, leakage currents in circuitry ex
ternal to the op amp can significantly degrade perfor
mance. High quality insulation is a must (Kel-F and Teflon 
rate high). Proper cleaning of all insulating surfaces to 
remove fluxes and other residues is also required. This in
cludes the IC package as well as sockets and printed cir
cuit boards. When operating in high humidity environ
ments or near 0 "C, some form of surface coating may be 
necessary to provide a moisture barrier, 

The effects of board leakage can be minimized byencir
cling the input circuitry with a conductive guard ring 
operated at a poteniial close to that of the inputs. For 
critical applications, dual-in-line packages are available 
that include input guard pins. With the ceramic package, 
the floating metal lid is best connected to the guard. This 
might be accomplished with a dab of conductive paint. 

Electrostatic shielding of high impedance circuitry is 
advisable. 

Error voltages can also be generated in the external cir
cuitry. Thermocouples formed between dissimilar metals 
can cause hundreds of microvolts of error in ihe presence 
of temperature gradients. The most troublesome thermo
couples are the junction of the IC package and the printed 

CAPACITIVE LOAO (F) 
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circuit board (35 INI"C for. copper-kovar) and internal 
resistor connections. Problems can be avoided by keeping 
low level circuitry away from heat generating elements. 
Mounting the IC directly to the PC board while keeping 
package leads short and the input leads close together can 
also help. 

With' the LM11 there is a temptation to remove the bias
current-compensation resistor normally used on the non
inverting input of a summing amplifier. Direct connection 
of the inputs to ground or a low-impedance voltage source 
is not recommended with supply voltages greater than 
about 3V. The potential problem involves reversal of one 
supply which can cause excessive current in the second 
supply. Destruction of the IC could result if the output cur
rent of the second supply is not limited to about 100 mAorif 
there is much more than 11'F bypass on the supply buss. 

Just disconnecting one supply will generally involve rever
sal because of loading totheother supply both within the IC 
and in external circuitry. Although difficulties can be large
ly avoided by installing clamp diodes across the supply 
lines on every PC board, a conservative design would in
clude enough resistance in the input lead to limit currentto 
10 mA if the input lead is pulled to either supply by internal 
currents. This precaution is by no means limited to the 
LM11. 



input guarding 

Input guarding can drastically reduce surface leakage. 
Layout for metal can is shown here. Guarding both sides of 
board is required. Bulk leakage reduction is less and 
depends on guard ring width. 

BALANCE 

v· 1-\' ,,/ 
OUTPUT............ 7 1, 

, ~ . 
CDMPE~ATlDN. 5 

I 
V-

BOTTOM VIEW 

Guard ring is connected to low impedance pOint at same 
potential as sensitive input leads. Connections for various 
op amp configurations are shown here. 

., .2 
INPur ..... W ......... ---'I/I,!Ir----, 

OUTPUT 

. , 

OUTPUT 

INPUT ----49-"1 

., .2 

OUTPUT 

INPUT----~~_I 
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input protection 

Current is limited by R2 even when input is connected to 
voltage source outside common mode range. If one supply 
reverses, current is controlled by R1. These resistors do not 
affect normal operation. 

INPUT'-<I..---'1"·'Iv----. 

• 2 
10k 

OUTPUT 

Input resistor controls current when input exceeds supply 
voltages, when power for op amp is turned off or when out
put is shorted. 

., 
10k 

INPUT--'WIr---'-I 

OUTPUT 

. balancing ,and over-compensation 

Over-compensation will improve stability with capacitive 
loading (see curves). Offset voltage adjustment range is 
determined by balance potentiometer resistance as in
dicated in the table . 

v· 

min.adj 
range 

±5mV 
±2 
±1 

±O.8 

±O.4 

C2 

tsea stability with 
over-compensation curve 

R 

100kO 

10k 

3k 

3k 

1k 

r 
3: ..... ..... -r-
3: ..... ..... 
Q 
r-
s: ..... ..... 
n 
r-
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resistance multiplication 

Equivalent feedback resistance is lOGO, but only standard 
resistors are used. Even though the offset· voltage is 
multiplied by 100, output offset is actually reduced 
because error is dependent on offset current rather than 
bias current. Voltage on summing junction is less than 
5mV. 

R2 84* 
100M Uk 

,% 1% 

VOUT Rf=R2 ~+~) 
R2»R3#R4 

"gain trim 

Follower input resistance i$l GO. With the input open, off
set voltage Is multiplied by 100, but the added error is not 
great because the op amp ollset is low. 

R3 I,. 
V,N-t---1 ...... ~ 

" 1M 

.. 
10M 

Your 

This Circuit multiplies RC time constant to 1000 seconds 
and provides low output Impedance. 

Rl 
10M 

R' ",. 
.2 

10M 
INPUT-W..,... ..... JVo,,.,.. ..... ~ 

T=Rl C(R2+R3) 
R3 

AVOUT=Rl +R3(IBR2+VOS) 
R3 

OUTPUT 

A hlgh-Input-impedance ac amplifier for a piezoelectric 
transducer. Input resistance of 880 MO and gain of 10 Is 
obtained. 

XI c::::J 

~ 

.. 
"" ,. 

., 
21M 

.3 
51' 

cable bootstrapping 

OUTPUT 

R =Rl/1+~) A .. =R2+R3+R4 
IN \ R3 "Y R2+ R3 

Bootstrapping input shield for a follower reduces cable 
capacitance, leakage and spurious voltages from cable 
flexing. Instability can be avoided with small capacitor on 
input. \ 

OUTPUT 

INPUT--, ..... __ J 

With summing amplifier, summing node is atvirtual ground' 
so input shield is best grounded. Small feedback capacitor 
Insures stability. 

" 
INPUT 

OUTPUT 



differential amplifiers 

This differential amplifier handles high Input Yoltages. 
Resistor mismatches and stray capacitors should be 
balanced out for best common-mode rejection. 

VCM(MAX)= ~ VOUT(MAX) 
, R3 

AV=~ 
Rl 

AI 
100M 

'" 
INPUTS {-

"'DVMAX +-'w,""""P--1r-"'i 
AZ 

100M 

!" 

C2* 
lDpF 

Ast 
SO .. 

C1 
5" 

A3 
4.99M 

'" 

Vs= :t15V 

OUTPUT 

t trim for de CMRR 

* trim for ae CMRR 

Two op-amp instrumentation ampllfie'r has poor ac com· 
man mode rejection. This can be improved at the ex
pense of differential bandwidth with C2. 

AI' 
1M 1. 

HZ 
to. .. A3 I. 1. 

• gain set 

t trim for de CMRR 

10=10 Hz 

R' 
1M 
1% 

OUTPUT 

High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compensa
tion. Differential bandwidth is reduced by C1 which also makes common-mode rejection less dependent on matching of in
put amplifiers. 

v' 

AI .... 
I. 

84tt, 
INPUTS 1M 

H.·· SO. 

A' 
200. ,. 

A11 

"" ,. 

A'" 

" '" 
A1Z 

'00' ,. 

A15 

"" ,. 

tt current zero 

* voltage balance 

* gain 

t de CMRR 

**ae CMRR 

OUTPUT 

Rut 
1 .. 

For moderate-gain instrumentation amplifiers, input amplifiers can be connected as followers. This simplifies circuitry, but 
A3 must also have low drift. 

INPUT 

+ 

& • 

C1 
lDpF 
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At 
to. 
1% 

AZ 
tM 
1% 

OUTPUT 

Rl =R3; R2=R4 

AV=~ 
Rl 

ttrlm for de CMRR 

hat for ee CMRR 
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bias current compensation 

Precise . bias current compensation for use with 
unregulated supplies. Reference voltage is available for 
other circuitry. 

01 
10k H2 

18. 

D1 
lM38S 
1.2V 

voltmeter 

O. 
1.3M .. 

INPUT 1:1 

10: S.t--'II''''\h--4~-'I 

01 

" 

OUTPUT 

This circuit shows hQw bias current compensation can be 
used on a voltage follower . 

01 
100M 

0' 1.3M 

0' 
lOOk 

JNPUT~~--.:I.I 

0' 
240 

High input impedance millivoltmeter. Input current is proportional to input voltage, about 10 pA at full scale. Reference 
could be used to make direct reading linear ohmmeter. 

01 

~ __ -.~.~'O~'v-_'" 

D1 
lM3B5 

1.2V 

• 1 x sc;IIe calibrate 

t 3x scale calibrate 

* Includes reversing switch 

0' 
681 

OU 
!k 

010 
7.511 
1% 01 

'--<)-'IIIfv--o ..... W..-o--'IIVY-C)L lN457 

RANGE 

1 mV fUmY IODmV IV 
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013 
Uk 

"'-------, 
016 
Uk 

019 
121 

020 

T B1 
I DV 

I 

~
N/OfF 

!k q 
BATTERIES ~ 

/1/ OK .-l, 
TB2 

I 'V 
...!... 

V- ...... ..-_ ..... __ ....;J 

SCALE 

" 0" 

814* R15t 
IS. 1.25k 



ammeter 

Current meter ranges from 100 pA to 3 mA full scale. Voltage across input is 100 p.V at lower ranges rising to 3 mV at 3 mAo 
Buffers on op amp are to remove ambiguity Y{lth hlgh·current overload. Output can also drive DVM or DPM. 

v' 

H' ... 
0' HI lM3" ... 

• .lV 

H. ,,. 

.. PUTe 

t fx scale calibrate 
• 3 x scale calibrate 

* Includes reversing switch 

current source 

m 

3.nk 

33 .. 

33.2k 

'M 

'OM 

, .... 
•• 

H5 
•• 

H' .Ok 

. " OJ 

'.31 • 

" v' 

•• SCALE 

" , . 
0" 

H." ..... 

v' v- Rut 
Uk ., ., 

" lN45'l tN451 

, .... M' 

Precision current source has 10 p.A to 10 mA ranges with output compliance of 30V to -5V. Output current is fully ad· 
justable on each range with a calibrated, ten·turn potentiometer. Error light indicates saturation. 

&1 -.v I 
(>SAV1-L 

ON/OFF 

R4 
9.111 

H' 1.5k 

ERROR! 
Rt BATTERY 
Uk OK 

N 

RZ* A 02 

10.5k 
,% 

LBAnERY 
• TEST_ 

•• • 111 

REVERSE 

+-____ f-___ .-Jtl'\I%Ir--o+o:HA:;;N:;.;,' />10 rnA 
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fast amplifiers 

These inverters' have bias current and offset voltage of 
LM11 along with speed of the FET op amps. Open loop 
gain is about 140 dB and settling time to 1 mV about 8"s. 
Overload-recovery delay can be eliminated by direct 
coupling the FET amplifier to summing node . 

., 
10. 

INPUT-W\r-+--"I 

., 
15DpF 

.z 
I. 

ftl 86 

.z 
D.41~F 

>-+--_~DUTPUT 

., 
IN451 

10k lOIe 
INPUT-'\M,....;t-----'lM ..... ---.... 

. , 
5DOpF 

., 
1M 

Cl 
lO" 

OUTPUT 

This 100x amplifier has small and large signal band· 
width of 1 MHz. The LM11 greatly reduces offset voltage, 
bias current and gain error. Eliminating iong recovery 
delay for greater than 100% overload requires direct 
coupling of A2 to input. 

. , 
Zk 

INPUr ..... W .......... ---+-9 ., 
.. bp, 

R4 
10 • 

OUTPUT 

Follower has 10 "s setting to 1 mV, but signal repetition 
frequency.should not exceed 10 kHz if the FET amplifier 
is ac coupled to input. The circuit does not behave well if 
common-mode range is exceeded . 

., 
10. 

INPur ......... ""',.........!.! 

., 
D.02pf 

heater control 

.3 
1M 

.z 
10k 

•• 4" 

., 
lN451 

Proportional control crystal oven heater uses lead/lag 
compensation for fast settling. Time constant is changed 
with R4 and compensating resistor R5. If Q2 Is inside 
oven, a regulated supply is recommended for 0.1"C con· 
trol. 

* solid tantalum 
mylar 

close thermal coupling between sensor and oven shell is recommended. 
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leakage Isolation 

Switch leakage in this sample and hold does not reach storage capacitor. 

v' 
IftiPUT 

., 
"k 

SAMPLE ..... ~-+I ...... _I\iII'Ir--I!---....I OUTPUT 

• polystyrene or Telton 

trequlred If protected· 
gate switch Is used 

U DI' 
lN4S1 

A peak detector designed for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed 
before reaching storage capacitor. . 

INPUT 

300 ps min single pulse 

200 ps min repetitive pulse 

300 Hz max sine wave error<5 mV 

Df C2 

., 
'Ok 

lN914 50pF 

OUTPUT 

t required if Ot has gate
protection diode 

* polystyrene or ,Teflon 

RESET __ --'I,.,_ 

Reset is provided for this integrater and switch leakage Is 
Isolated from the summing junction. Greater precision 

I can be provided if blas·current compensation is included. 

INPUT ..... M,....~ 

., 
2k 

• polystyrene or Teflon 

t required If protected'gate 
switch is used 

CI" 

02 
3Ntl3 

"" "k 

.J 
"k 

OUTPUT 

Y' 

RESET 

IT 
3-125 

standard· cell buffer 

Battery' powered buffer amplifier for standard cell has 
negligible loading and disconnects cell for low supply 
voltage or overload on output. Indicator diode ex· 
tinguishes as disconnect circuitry is activated. 

~r 
., }~ 

,,,, 

T B\ 
11/ 

I 'v Dl 

...!.. 

* cannot have gate protection diode; VTH>VOUT 
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s:: ..... ..... -r-s:: ..... ..... 
Q 
r-
s:: ..... ..... 
o 
r-



...J o 
:;: logarithmic amplifiers 

:IE Unusual frequency compensation gives this logarithmic converter a 100 P.s time constant from 1 mA down to 100 p.A, 
...J Increasing from 200 P.s to 200 ms from 10 nA to 10 pA. Optional bias current compensation can give 10 pA resolution 
- from - 55'C to 100·C. Scale factor Is lV/decade and temperature compensated. o ,... ,... 
:IE 
...J -,... ,... 
:IE 
...J 

C2 
470,F 

.,.. 
012 

~" 

Oil 
OlD 5.11k 

5.11M I. 
I. 

-15V 

013 " 
"" I. 

OB 
lUll .. 

05 07 0,1 
a. SetRl1 forVOUT=Oai liN =100 nA .. 3.3' " b. Set R8 for VOUT=3V at liN = loo,.A 

C3 
c. Set R310r VOUT= -4V at liN =10 pA To.D1 PF 3300 ppM/'C. Type 0209 available .,.. .,.. from Tel Labs, Inc., Manchester, N.H . 

Light meter has eight·decade range. Bias current compensation can give Input current resolution of better than 
± 2 pA over 15'C to 55·C. 

C3 

O.l PfT 

J 

0" 12k 
0' 
Uk 

v-

07 

IB' 
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C2 
D.D0Z2pF 

09 
.,.. 

91 R1U: 
1M 

O' .. 

T II 
RU R12 I IV 
33k Uk..L 

v-

113 
2N4260 

Q-100pA 

VI =O@IIN=loonA 

t V1=-O.24V@IIN=10pA 

* Ml=O@IIN=10pA 

* *M1 = Is@IIN= 1 rnA 



Schematic Diagram 

r-~-i~'-~----~--~-4~----~---------------1~------~----'-----~v' 

.14 
'OD 

1.--+ ___ ..,.:.' OUTPUT 

L-______ ~--~--------4_~----------4_--------~----~~----~v-

Definition of Terms 
Input offset yoltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference In the currents at the 
input terminals when the output is unloaded in the linear 
region. 

Input bias current: The absolute value of the averageofthe 
two input currents. 

Input resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Large signal yoltagegaln: The ratio ofthe specified output 
voltage swing to the change in differential input voltage 
required to produce it. 

Common·mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the 
extremes. 

Temperature drift: The change of a parameter measured at 
25°C and either temperature extreme divided by the 
temperature change. 

Supply·yoltagereJectlon: The ratio of the specified supply· 
voltage change (either or both supplies) to the change in 
offset voltage between the extremes. 

Supply current: The current required from the power 
source to operate the amplifier with the output unloaded 
and operating in the linear range. 
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~National 
~ Semiconductor 

Operational Amplifiers/ Buffers 

LM101A1LM201A1LM301A Operational Amplifiers 

General Description 
The LM101A series are general purpose operational 
amplifiers which feature improved performance 
over industry standards like the LM709. Advanced 
processing techniques make possible an order of 
magnitude' reduction in input currents, and a 
redesign of the biasing circuitry reduces the 
temperature ,drift of input" current. Improved 
specifications include: 

• Offset voltage 3 mV maximum over tempera· 
ture (LM101.A/LM201A) 

• Input current 100 nA maximum over tempera
ture (LM101A1LM201A) 

• 'Offset current 20 nA maximum over tempera
ture (LM101A/LM201 A) 

• Guaranteed drift characteristics 

• Offsets guaranteed, over entire common mode 
and supply voltage ranges 

• Slew rate of 10V/p.s as a summing amplifier 

This amplifier offers many features which make its 
application nearly foolproof: overload protection 
on the input and output, no latch-up when the 
common mode range is exceeded, freedom from 
oscillations and compensation with a single 30 pF 

capacitor. It has advantages over internally' com
pensated amplifiers in that the frequency compen
sation can be tailored to the particular application. 
For example, in low frequency circuits it can be 
overcompensated for increased stabi lity margin. Or 
the compensation can be optimized to give more 
than a factor of ten improvement in high frequen
cy performance for most applications. 

In addition, the device' provides better accuracy 
and lower noise in high impedance circuitry. 
The low input currents also make it particu
larly well suited for iong interval integrators 
or timers, sample and hold circuits and low fre· 
quency waveform generators. Further, replacing 
circuits where matched transistor, pairs buffer 
the inputs of conventional Ie op amps, it can 
give lower offset voltage and drift at a lower cost. 

The LM101A is guaranteed over a temperature 
range of _55°e to +125°C, the LM201A from 
_25°C to +85°e, and the LM301A from oOe 
to 70~e. 

Schematic * * and Connection Diagrams (Top Views) 

.. 

·"Pin connections shown are for metal can. 

Metal Can Package 
tlIIIPlllUtlOti 

'''''''el'i' .,.' I • DIII'tUT 

IIII'VTSC , '4 ItAUNtE 

' ... 
Order Number LM101AH, 
LM201AHor LM301AH 
Sae NS Package HOBC 

Dual-ln~Line Package 

'"''''''0''''''''''''' 
COMUltlON 

INPUT'Z J V' 

,,,,ut 1 I outPUT 

y" 5 l"lANCf 

Order Number 
LM101AJ, LM201AJ, LM301AJ 

See NS Package JOBA 

Order Number LM301AN 
See NS Package NOBA , 

3-128 

Dual-I n·Line Package 

IAUICEI 
tllWEliSATlOll3 " 

.... 

Note: Pin 8 tonned,. to bottom of Pleuge. 

Order 'Number LM101AJ-14 
LM201AJ-14 or LM301AJ-14 

See NS Package J 14A 



Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (Note 1) 
Oifferentiallnput Voltage 
Input Voltage (Note 2) 
Output Short Circuit DuratIon (Note 3) 
Operating Temperature Range 

Storage Temperature Range 
Lead Temperature (Soidering, 10 seconds) 

LM101A1LM201A 

±22V 
SOD mW 

±30V 
±lSV 

Indefinite 
-SSoC to +12SoC ILM101A) 

-2SoC to +BSOC ILM201A) 
-6SoC to +lS0°C 

300°C 

Electrical Characteristics (Note 4) 

PARAMETER CONDITIONS 

Input Offset Voltage TA'25°C 
LM101A, LM201A, LMl01A RSS;SOk!"! 

Input Offset Current TA '.25°e 

Input Bias Current TA' 25°C 

Input Resistance TA'25°C 

Supply Current TA = 2SoC 

Vs '±20V 
VS' ±15V 

Large Signal Voltage Gain TA' 25°C, VS' ±15V 

VOUT' ±10V, RL ~ 2 k!"! 

Input Offset Voltage . RSS;50k!"! 
RSS;10k!"! 

Average Temperature Coeffi- RS S; 50 k!"! 
cient of Input Offset Voltage RS S; 10 k!"! 

Input Offset Current 

TA =TMAX 

TA'TMIN 

Average Temperature Coeffi- 25°eS;TAS;TMAX 
cient of Input Offset Current TMIN S; T A S; 25°C 

Input Bias Current 

Supply Current T A • TMAX, Vs • ±20V 

Large Signal Voltage Gain VS' ±15V, VOUT' ±10V, 
RL>2k 

Output Voltage Swing VS' ±15V 
RL'10k!"! 
RL'2k!"! 

Input Voltage Range VS'±20V 

Vs '±15V 

Common·Mode Rejection Ratio RSS;50k!"! 
RSS; 10k!"! 

Supply Voltage Rejection Ratio RS S; 50 k!"! 
RS S; 10 k!"! 

LM301A 

±lBV 
SOD mW 

±30V 
±lSV 

Indefinite 

DoC to +70°C 

-6SoC to +lS0°C 
300°C 

LM101A1LM201A 

MIN TYP MAX 

0.7 2.0 

1.5 10 

30 75 

1.5 4.0 

1.8 3.0 

50 160 

3.0 

3.0 15 

20 

0.01 0.1 
0.02 0.2 

0.1 

1.2 2.5 

25 

±12 '14 
±10 ±13 

±15 

+15, -13 

80 96 

80 96 

LMlO1A 
UNITS 

MIN TYP MAX 

2.0 7.5 mV 

l.O 50 nA 

70 250 nA 

0.5 2.0 ,~!"! 

mA 

1.8 3.0 mA 

25 160 V/rnV 

10 mV 
mV 

6.0 30 ~vl"c 
~V/oC 

70 nA 
nA 
nA 

om 0.3 nAte 
0.02 0.6 nAtC 

0.3 ~A 

rnA 

15 V/mV 

±12 ±14 V 
±lO ±13 V 

V 
±12 +15, ··13 V 

70 90 dB 

dB 

70 96 dB 
jB 

Noto 1: The maximum junction temperature of the LMIOIA is 150°C, and that of the LM20lAiLM301A is 100°C. For operating at elevated 
temperatures, devices in the TO~5 package must be derated'based on a thermal resistance of 150° CIW, junction to ambient, or 45° C/W, junction to 
case. The thermal resistance of the dual-in-line package is 181' e/W I junction to ambient. 

Note 2: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Continuous short circuit is allowed for case temperatures to 125D C and ambient temperatures to 75°C for LM101A/LM201 A, and 70D e 
and 55°C respectively for LM301 A, 

Note 4: Unless otherwise specified, these specifications apply for Cl = 30 ~F, ±5V < Vs < ±20V and -5SoC < TA <+12SoC (LMIOIA), 
±SV":S VS:S ±20V and -2SoC:S TA:S +85°C (LM201A), ±5V :S Vs :S ±15V and DoC :S TA :S +70°C (LM301AI. - -
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Guaranteed Performance Characteristics LM101A/LM201A 

Input Voltage Range 
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Guaranteed Performance Characteristics LM301A 

Input Voltage Range Output Swing 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

Input Current, LM101A1 
LM201A/LM301A Current Limiting Input Noise Volt ... 

10 
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Typical Performance Characteristics 
for Various Compensation Circuits * * 
Single Pole Compensation 

Cl?::~ 
Cs-lOpF 

You, 

**Pin connections shown are for metal can. 
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Typical Applications 
Variable Capacitance Multiplier 

C" 1+~ 
R, 

•• 
Simulated Inductor Fast Inverting Amplifier With High 

Input Impedance 

--'- ..... ------U--------....J 
l::.RI R2ef 
lis -R2 
Rp "Rl 

Inverting Amplifier 
with Balancing Circuit 

Sine Wave Oscillator Integrator with Bias Current Compensation 

"' .tMay be nro or Iqual to parallel ":' 101111 

combiMtionofRlandR2for 
minimumufflet. 

Application Hints 

Protecting Against Gross 
Fault Conditions 

... ,' 
*ProttctslnPut 

tPrOUctsoutput 

." 
.. , 

AI' 

JPrOtBcts output-pot needed when R4 is used. 

Compensating For Stray Input 
Capacitances Or Large Feedback 
Resistor 

Isolating Large Capacitive Loads 

.* 

,."-w.~~---=----, 

·Adjust for zero integrator 
drift. Current dnft typically 
0.1 nArC over -55"C to 
t12S"Ctemperatureranp. 

Although the LM101A is designed for trouble free operation, experience has 
indicated that it is wise to observe certain precautions given below to protect the 
devices from abnormal operating conditions. It might be pOinted out that the 
advice given here is applicable to practically any IC op amp, although the exact 
reason why may differ with different devices • 

When driving either input from a low-impedance source, a limiting resistor should 
be placed in series with the input lead to limit the peak instantaneous output 
current of the source to something less than 100 mAo This is especially important 
when the inputs go outside a piece of equipment where they could accidentally be 
connected to high voltage sources. Large capacitors on the input (greater than 
O. IIlF) should be treated as a low source impedance and isolated with a resistor. 
Low impedance sources do not cause a problem unless their output voltage ex
ceeds the supply voltage_ However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 

The output circuitry!is protected against damage from shorts to ground. However, 
when the amplifier output is connected to a test point, it should be isolated' by 
a limiting resistor, as test points\frequently get shorted to bad places. Further, 
when the amplifier drives a load external to the equipment, it is also advisable 
to use some sort of limiting resistance to preclude mishaps. 

Precautions should be taken to insure that the povvor supplies for the integrated 
circuit never become reversed-even under transient conditions. With reverse volt
ages greater than 1V, Jhe Ie will conduct excessive current, fuzing internal 
aluminum interconnects. If there is a possibility of this happening, clamp diodes 
witli a high peak currenl rating should be installed on the supply lines. Reversal of 
the voltage between V and V- will always cause a problem, although reversals 
with respect to ground may also give difficulties in many circuits. 

The minimum values given for the frequency compensation capacitor are stable 
only for source resistances less than 10 kil. stray capacitances on the summing 
junction less than 5 pF and capacitive loads smaller than 100 pF. If any of these 
conditions are not met. it becomes necessary to overcompensate the ampl ifier 
with a larger (fompensation capacitor. Alternately. lead capacitors can be used in 
the feedback network to negate the effect of stray capacitance and large feedback 
resistors or an RC network can be added to iSOlate capacitive,loads. 

Although the LM101A is relatively unaffected by supply bypassing, this cannot 
be ignored altogether. Generally it is necessary to bypass the supplies to ground at 
least once on every circuit card, "and more bypass points may be required if more 
than five amplifiers are used. When feed-forward compensation is employed, how
ever. it is advisable to bypass the supply leads of each amplifier with low 
inductance capaci~ors because of the higher frequencies involved. 

··Pin connections shown are for metal can. 
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Typical Applications * * (Continued) 

Standard Compensation and 
Offset Balancing Circuit 

" ... 

Fast Voltage Follower 

Pawer Blndwi.th: IS kHI 
SltwRltll: lV/JIS 

Fast Summing Amplifier 

.. 
... - ... ,.. ..... -+....;~ 

Power Bin_ddt: 250 kHz I 
SnaIII Sillli BlndwId,k: 3.5 MHz 
Slew RIte: IOY/,..1 

Your 

Bilateral Current Source 

.. 
~':!' .. •.. r,~ 

" 
I • R3VIN 

: 
OUT Rf RS I.,ut 

" R3-RC+R5 ~':'~ 
Rl'R2 

Fast AC/DC Converter' Instrumentation Amplifier 

.. " 
~: 10..' 

I·FHdfo .... CGtqpenlltlon 
CllltI.usedt ....... 
fuD wm rectifier withal 
• filler. 

-___ ..,"1_+ ·,tMltdlingdetermine.CMRR. 

I ntegrator with Bias Current Compensation Low' Frequency Square Wave Generator 

Voltage Compa';'to, fo, Driving 
RTL Logic or High Current D,lvor 

Yout 

-AdjustiOlztfoilltIgratGr 
drift. Curtelltdrlft 
tnriaIIYO.1 nAfCIVI. 
D"Cto7I1"CtelnplfitDt. 
q •• ' 

Low Drift Sample and Hold 

auTPVT'9"" ____ T' __ -:;u:'"" 

co· 1'1.1,., ---
··Pin connections shown are for metal can. 
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~ National Operational Amplifiers/Buffers 
~ Semiconductor 

LM102lLM202lLM302 Voltage Followers 
General Description 
The LM102 series are high-gain operational 
amplifiers designed specifically for unity-gain 
voltage follower applications_ Built on a single 
silicon chip, the, devices incorporate advanced 
processing techniques to obtain very low ,input 
current and high input impedance. Further, the 
input transistors are operated at zero collector
base voltage to virtually eliminate high tempera
ture leakage currents. It can therefore be operated 
in a temperature stabilized component oven to 
get extremely low input currents and low offset 
voltage drift. Other outstanding characteristics 
of the device include: 

• Fast slewing - 1 OV Ills 
• Low input current - 10 nA (max) 

• High input resistance - 10,000 MQ 

• No external frequency compensation required 

• Simple offset balancing with optional 1 K poten
tiometer 

• Plug-in replacement for both the LM 1 01 and 
LM709 in voltage follower applications. 

The LM 1 02, which is designed to operate with sup
ply voltages_between ±12V and ±15V, also features 
low input capacitance as well as excellent small sig
nal and large signal frequency response - all of 
which minimize high frequency gain error. Because 
of the low wiring capacitance~ inherent in mono
lithic construction, this fast operation can be real
ized without increasing power consumption. 

Schematic * * and Connection Diagrams 

r---~4-4-~-----------------r--~~I~ 

Typical Applications * * 
Low Pass Active Filter 

R1 

'" 
JlUTPUT 

INPur-wlr-<l'""llllr-.... M,!i 

High Pa .. Active Filter 

" O,II1,.F 

,HJlUT---f 

·Valuesll.'or to KHzcutoH. 
USlsil¥llldmicacaplcitonfor 
ltJ8dt,mperaturestabilitv. 

OUTPUT 

·ValulS Ir. for 1IHI Hl cutoff. Use 
mBtalizedpolycarbollllecaplcitars 
for good ttmpmturl5t1obility 

**Pin connections shown are for metal can. 
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Metal Can Package 
TOPVIEW 

Order Number LM102H, LM202H 
or LM302H 

See NS Package H08C 

Sample and Hold With 
Offset Adjustment 

INPUT 

OUTPUT 

·Polycarbonate-didettriccapacitol. 

High Input Impedance 
AC Amplifier 

" D.ol"F 

IN'UT--1 
'R1 

'00' 

R2 
IlaK 

" .... 

OUTPUT 



Absolute Mllximum Ratings 

Supply Voltage 
. Power Dissipation (Note 1) 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 
Operating Temperature Range LM 1 02 

LM202 
LM302 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

PARAMETER CONOITIONS 

Input Offset Voltage TA = 25°C 

Input Bias Current TA=25"C 

Input Resistance TA=25"C 

Input Capacitance 

Large Signal Voltage TA· 25°C. Vs = ±15V. 
Gain VOUT = ±Ioil. RL = 8 kll 

Output Resistance TA = 25°C 

Supply Current TA = 25°C 

Input Offset Voltage 

Offset Voltage 
Temperature Drift 

Input Bias Current TA=TAMAX 

TA=TAMIN 

Large Signal Voltage Vs = ±15V. VOUT = ±10V 
Gain RL=10kll 

Output Voltage Swing Vs = ±15V, RL = 10 kll. 

INoteSI 

Supply Current TA = 125°C 

. Supply Voltage ±12V:,>VS:,>±ISV 
Rejection Ratio 

(Note 4) 

MIN 

1010 

0.999 

0.999 

±lO 

60· 

±18V 
SOOmW 

±1SV 
Indefinite 

-SSDC to 12SDC 
-2SDCto 8SDC 

OD Cto 70DC 

-6SDCto 1S0DC 
300DC 

LMI02 
TYP MAX MIN 

2 5 

3 10 

1012 1010 

3.0 

0.9996 0.999 

O.S 2.5 

3.5 5.5 

7.5 

6 

3 10 

30 100 

±10 

2.6 4.0 

60 

LM202 
TYP 

3 

7 

1012 

3.0 

0.9995 

0.8 

3.5 

15 

1.5 

30 

LM302 
UNITS 

MAX MIN TYP MAX 

10 5 15 mV 

15 10 30 nA 

109 1012 II 

3.0 pF 

1.0 0.9985 0.9995 1.0 VIV 

2.5 O.S 2.5 II 

5.5 3.5 5.5 mA 

15 20 mV 

20 IlV('C 

5.0 3.0 15 nA 

50 20 50 nA 

±lO V 

mA 

60 dB 

Note 1: The maximum junction temp~rature of the LM102 is 150°C, while that of the LM202 is 100°C and that of the LM302 is 85°C. For oper· 
ating at elevated temperatures, devices in the TO·S package m-ust be derated based on a thermal resistance of 150°C/W, junction to ambient, or 
45°CIW, junction to case. The thermal resistance of the dual-in-line package is 1(xtC/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Nota 3: Continuous short circuit for the LM102 and LM202 is allowed for case temperatures to 125" C and ambient temperatures to 70°C.For the 
LM302, continuous short circuit is allowed for 70°C case or 5SoC ambient temperature. It is necessary to insert a resistor greater than 2 kn in 
series with t~e input when the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

Note 4: These specifications apply for ±12V ~ Vs ~ ±15V and -55°C :'> TA :'> 125°C for the LM102, -25°C::::' TA::::' 85°C for the LM202, 
and O°C::;; TA ::;; 70°C for the LM302 unle •• otherwise specified. 
Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V- terminals. See curve. 
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Guaranteed Performance Characteristics LM102 

Input Current 

10 0 

n \ " MAXIMUM ~ 

..... iy:c~; ,l-
n 1 
-55-35-15 5 254565 B51D5125 

TEMPERATURE ('C) 

Output Swing 

~ 11I=l1I1I1I1I~1I1II 
~ 10 

~ 
~ I- f--+-- ..... ,"u" 
:i 
9 -;,(r\t."\. 

n 
-55 -35 -15 -5 25 45 65 85 IDS 125 

TEMPERATURE I CI 

Typical Performance Characteristics LM102 

Voltage Gain and Phase Lag 

0.9991 ,T"TTI11mr-rT11nm-,-n11T1T1 
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10 

Large Signal Frequency Response 
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" ~O~k-~~LU~IO~Ok~~~~~'M' 
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~ 
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5 
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-10 
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-15 
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r- PHASE .111111111 
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v, • i1sU'11 IRs' 30 on 

T"25"C,,1I I 11111111 
-40 
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-1 , 

-1 0 

5 

0 

• 
10 

;E 5 

'" z 
~ 0 

~ \-5 

-10 

-1 5 

FREQUENCY 1Hz) 

Negative Output Swing' 

.. Vs£ !lflV 
Rs '" 10K 

.. ~-:'L .- 'X -
~ t:.o,~I&.- -
'\---1"~i> = 

L'L 

LOAD CURRENT ImAI 

Large Signal Pulse Response 
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Guaranteed Performance Characteristics LM202 
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Guaranteed Performance Characteristics LM302 
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~Nat1onal Operational Amplifiersl Buffers 
~ Semiconductor 

LM107/LM207/LM307 Operational Amplifiers 

General Description, 
The LM107 series are complete, general purpose 
operational amplifiers, with the necessary frequency 
compensation built into the chip. Advanced proc
essing techniques make the input currents a factor 
of ten lower than industry standards like the 709. 
Yet, they are a direct, plug-in replacement for the 
709, LM101A and 741. 

• Offset voltage 3 mV maximum over tempera
ture 

• Input current 100 nA maximum over tempera: 
ture 

• Offset current 20 nA maximum over tempera
ture 

• Guaranteed drift ,characteristics 

The 'LM 1 07 series offers the features of the 
LM101A, which makes its application nearly fool
proof. In addition, the de)lice provides better 
accuracy and lower noise' in high' impedance 
circuitry _ The low input currents also makp. it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low 
frequency waveform generators. Further, replacing 
circuits where matclied transistor pairs buffer the 
inputs of conventional IC op amps, it can give 
lower offset voltage and drift at a ,I~wer cost. 

The LM107 is guaranteed' over a -55°C to +125°C 
temperature range, the LM207 frort) -25°C to 
+85°C and the LM307 from O°C to +70°C. 

Schematic * * and Connection Diagrlilms 

r' 

... ·Pin connection,s shown are for metal can. 

Metal Can Package $ , 
I 7 v, 

I • I'IUTPUT 

'N,unL l '4 1 

Order Number LM107H, LM207H 
or LM307H 

See NS Package HOSC 

Dual-In-Line, Package Dual-In-Line Package 

IIIIPUT2 ?r "'S'" \ -
IIlPUT 3,' + .OUT'UT 

v- 4 5 lilt 

Note: Pin4conllectedtohottom ofPlcb!JII. 

3-140 

".VIEW 

Order Number LM107J. 
LM207J or LM307J 

See NS Package JOSA 
ORler Number LM307N 
See NS Package NoaA 

11 .... 

Note: Pin 6 conneeted to bottom ofpacklgl. 
TI'VIEw 

Order Number LM107J-14. 
LM207J-14 or 'LM307J-14 

See NS Package J14A 



Absolute Maximum Ratings 
LM107/LM207 LM307 

Supply Voltage ±22V ±18V TMIN TMAX 
Power Dissipation (Note 1) 500 mW 500 mW 
Differential Input Voltage ±30V ±30V LM107 -55°C +125°e 
Input Voltage (Note 2) ±15V ±15V LM207 -25°C +85°e 
Output Short-Circuit Duration Indefinite Indefinite 
Operating Temperature Range LM307 oOe +70oe 

(LM107) --55°e to +125°e aOc to +70°C 
(LM207) -25°C to +85°e 

Storage Temperature Range --65°e to +150oe --65°e to +150oe 
Lead Temperature (Soldering. 10 seconds) 300°C 300°C 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 
LM107/LM207 LM307 

UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA; 25°C, RS $ 50 kfl 0.7 2.0 2.0 7.5 mV 

Input Offset Current TA; 25°C 1.5 10 3.0 50 nA 

Input Bias Current TA; 25°C 30 75 70 250 nA 

Input Resistance TA; 25°C 1.5 4.0 0.5 2.0 Mfl 

Supply Current TA; 25°C 

Vs ;±20V 1.8 3.0 mA 
VS;±15V 1.8 3.0 mA 

Large Signal Voltage TA; 25°C, VS; ±15V 

Gain VOUT;±10V, RL~2kfl 50 160 25 160 V/mV 

Input Offset Voltage RS$50kfl 3.0 10 mV 

Average Temperature 3.0 15 6.0 30 /lV/oC 
Coefficient of Input 

Offset Voltage 

I nput 'Offset Current 20 70 nA 

Average Temperature 25°C$TA$TMAX 0.01 0.1 0.01 0.3 nAloC 
Coefficient'of Input . TMIN$TA$25°C 0.02 0.2 0.02 0.6 nWC 
Offset Current 

I nput Bias Current 100 300 nA 

Supply Current T A; +125°C, Vs ; ±20V 1.2 2.5 mA 

Large Signal Voltage VS; ±15V, VOUT; ±10V 15 
Gain RL~2kfl 25 V/mV 

Output Voltage Swing VS; ±15V 

RL; 10kfl ±12 ±14 ±12 ±14 V 
RL;2kfl ±10 ±13 ±10 ±13 V 

Input Voltage Range VS;±20V ±15 V 
VS; ±15V +15 ±12 +15 V 

-13 -13 

Common Mode RS$50 kfl 80 96 70 90 dB 

Rejection Ratio 

Supply Voltage' RS$50 kfl 80 96 70 96 dB 

Rejection Ratio 

Note 1: The maximum iunction temperature of the LM107 is 150°C, and the LM207/LM307 is 100°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 1500 CIW, junction to ambient, or 45° C/W, junction to case. The 
thermal resistance of the dual-in-line p~ckage is loooe/w, junction to ambient. 
Note 2: For supply voltages less than -15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: These specifications apply for ±SV < Vs < +20V and -55°C < T A < +1 2SoCfor the LM107 or-25°C <TA < +85°e for the LM207, and 
oDe.:s TA .:s +70DC and ±5V ~ VS.:s t15V forthe LM307 unless otherwise specified. - -
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Guaranteed Performance Characteristics LM107/LM207 
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Typical Performance Characteristics (Continued) 

118 

laO 

; 80 
z 
C &8 .. 
~ .. 

40 .. 
~ 
co ZO > 

-10 

Open Loop 
Frequency Response 

~ T.I.15ob _ 
"- Vs " :!:15V 

"-r'-.. 
r'-.. 

'" , 
I 10 100 IK 10K lOOK 1M 10M 

FREQUENCY IHzl 

Typical Applications * * 

'. 

Inverting Amplifier 

RZ 
Vour " - iii VIN 

RIN .'" Rl 

Tunable Notch Filter 

.. ... ." .. ... . " 

~ .. 
z 
~ 
!; 
~ 
:0 
co 

16 

12 

o 

Large Signal 
Frequency Response 

TA "Z5°C 

IK 

Vs" tlSV 

l\. 
r.... 

10K 

FREQUENCY IH.I 

lOOK 

Non-Inverting AC Amplifier 

It! RI .• I" 

III 'V...,. 
1111 

Vour'" R1R~R2 VIN 

RIN =R3 
R3 .. HI/H2 

~ .. 
i 
~ .. 
~ 
co 
> 

10 

8 

-I 

-4 

-6 

-8 

-10 

Voltage Follower 
P~lse Response ' 

-
I I 
I I 
I Ir -1--

'\ INPUT_I I 

! ----'J OUTPUT 

\ I I 
- TAI.IJoc 

V'iT 
o 10 10 3D 40 50 60 10 80 

TIMEIJoI 

Non-Inverting Amplifier 

Differential Input Instrumentation Amplifier 

,~. 

R1-AZ-R3 

RI 
M'"RS- "2 

I 
to·~ 

... 60Hz 

"'" 

... ·Pin connections shown are for metal can. 

3-143 

OUTI'UT 



~ National Operational Amplifiersl Buffers 
~ Semiconductor .. 

LM108/LM208/LM308 Operational Amplifiers 
General Description 
The LM108 series are precision operational ampli· 
fiers· having ~pecifications a factor of ten better 
than FET amplifiers over a -ssoe to +12Soe 
temperature range. Selected units are available 
with offset voltages less than 1.0 mV and drifts 
less than Sjl.V fe, again over the military tempera· 
ture range. This makes it possible to eliminate 
offset adjustments,· in most cases, and obtain 
performance approaching chopper stabilized 
amplifiers. 

The devices operate with supply voltages from 
±2V to ±20V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit 
is interchangeable with and uses the same compen· 
sation as the LM101A, an alternate compensation 
scheme can be used to make it particularly insen
sitive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char
acteristics include: 

Compensation Circuits 

.. Maximum input bias current of 3.0 nA over 
temperature 

.• ' Offset current less than 400 pA over tempera· 
ture 

• Supply current of only 300 jl.A, even in satura· 
tion 

• Guaranteed drift character·istics 

The low current error of the LM 1 08 series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10 MQ source resistances, introducing less error 
than devices like the 709 with 10 kH sources. 
Integrators with drifts less than SOO jl.V Isec and 
analog time delays in excess of one hour can be 
made using capacitors no larger than 1 jl.F. 

The LM108 is guaranteed from -ssoe to +12Soe, 
the LM208 from -2Soe to +8Soe, and the LM308 
from oOe to +70oe. 

Standard Compensation Circuit Alternate· Frequency Compensation Feedforward Compensation 

Typical Applications 
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Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (Note I) 
Differential Input Current (Note 2) 
Input Voltage (Note 3) 
Output Short-Circuit Duration 
Operating Temperature Range (LM108) 

(LM208) 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 4) 

LM108/LM208 

±20V 
SOOmW 
±10mA 

±lSV 
Indefinite 

-5SoC to +12SoC 
-2S0Cto+8SoC 

-6SoC to +lS0°C 
300°C 

LM308 

±18V 
SOOmW 
±10mA 

±lSV 
Indefinite 

O°C to +70°C 

-6SoC to +lS0°C 
300°C 

PARAMETER CONDITIONS 
LM108/LM208 

MIN TYP MAX MIN 

Input Offset Voltage TA = 2SoC 0:7 2.0 

Input Offset Current TA = 2SoC O.OS 0.2 

Input Bias Current TA = 25°C O.S 2.0 

Input Resistance TA=25°C 30 70 10. 

Supply Current TA = 25°C 0.3 0.6 

Large Signal Voltage Gain TA=25°C, VS=±15V, 50 300 25 

VOUT = ±10V, RL ~ 10 kil 

Input Offset Voltage 3.0 

Average Temperature 3.0 15 

Coefficient of Input Offset 

Voltage 

Input Offset Current 0.4 

Average Temperature 0.5 2.5 

Coefficient of Input Offset 

Current 

Input Bias Current 3.0 

Supply Current TA = 125°C 0.15 0.4 

Large Signal Voltage Gain Vs = ±15V. VOUT = ±10V , 25 15 

RL~ 10kil 

Output Voltage Swing Vs = ±15V. RL = 10 kil ±13 ±14 ±13 

Input Voltage Range Vs = ±ISV ±13.5 ±14 

Common-Mode Rejection S5 100 SO 

Ratio 

Supply Voltage Rejection' 80 96 80 

Ratio 

LM308 
UNITS 

TYP MAX 

2.0 7.S mV 

0.2 'nA 

1.5 nA 

40 Mil 

0.3 O.S mA 

300 V/mV 

10 mV 

6.0 30 p.vtc 

1.5 nA 

2.0 10 pAtC 

10 nA 

mA 

V/mV 

±14 V 

V 

100 dB 

96 dB 

Note 1: The maximum junction temperature of the LM108 is 1 SOo C, for the LM208, 100°C and for the LM308, 85°C. For operating at elevated 
temperatures, devices in the TO-S package must be derated based on a thermal resistance of 150°CIW. junction to ambient. or 45° C/W. junction to 
case. The thermal resistance of the dual-in-line package is 1 00° elW. junction to ambient. 
Note 2: The inputs are shunted with back·to·back diodes for avervoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1 V is applied between the inputs unless some limiting resistance is used. 
Note 3: For supply voltages less than ±15V, tha absolute maximum input voltage is equal to the supply voltage. 
Note 4: These specifications apply for ±5V s: Vs s: ±20V and --5SOC s: TA s: 125°C, unless otherwise specified. With the LM20S, however, 
a" temperature specifications are limited to -25° C s: T A s: S5°C, and for the LM30S they are limited to O°C s: T A s: 70° C. 
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Typical Performance Characteristics LM108/LM208 
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Typical Performance Characteristics LM308 
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Schematic Diagram and Compensation Circuits 
Standard Compensation Circuit 

.-------~-;~.-_.----~~--~t_--------------_.------~'v· 
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Typical Applications (Continued) 
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PIl1vc-boMte.dleIeCtllc. 
!:IplCitor 
WDnt~lSIdrift 
leutllin1.5 mV/set 

Sample and Hold 

C2 
30pF 

Connection Diagrams 

Metal Can Package 

COMP2 

Order Number LM108H 
LM208H or LM308H 
See NS Package H08C 

·Pln conneclions shown on schem.tic diagl'1lm .re for TO·5 packlgB. 
"UnllSedpinlnointellllllconnlclionltoaliowforinputanti·lakige 

VUlIrd t1ngo,npTlntfld clfcuit bOird layout. 

. Fastt Summing Amplifier 
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IItPUT !o " OUTPUT 

**GUARD . . " . " 
N,Dt!: Pin 7 connrmd to bottom of plcuge. 

lorVlfW 

Order Number LM10BJ. 
LM20BJ or LM30BJ 

See NS Package J14A 
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CJ 
O.OOZIiF 

C4 
150pF 
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t Power B.ndWldtfl: 250 KHz . 
SmlnSlgnaIB.ndwidth: 3.5MHz 
SfawR.t.: IOV4.!S 

* C5.&XR~fJ-' 

Dual-In-Line Package 

COMP8' ... " 
IN'UY- : • 7 v+ 

,II'UY+ l • 6 OUTPUT. 

,V· • . ~ He 

Order Number LM108J-8. 
LM20BJ-8 or LM308J-8 
Sea NS Package J08A 

Order Number LM308N 
See NS Package N08B 



~ National Operational Amplifiers/Buffers 
~ Semiconductor . 
LM108A1LM208A1LM308A, LM308A-1, LM308A-2 
Operational Amplifiers 
General Description 
The LM10B/LM10BA series are precision opera
tional amplifiers having specifications about a 
factor of ten better than FET amplifiers over 
their operating temperature range. In addition to 
low input currents, these devices have extremely 
low offset voltage, making it possible to eliminate 
offset adjustments, in most cases, and obtain 
performance a pproaching chopper stabilized 
ampljfiers. 

The devices operate with supply voltages from 
±2V to ±lBV and have sufficient supply rejection 
to use unregulated supplies. Although the circuit is 
interchangeable with and uses the same compensa
tion as the LM 1 0 1 A, an alternate compensation 
scheme can be used to make it particularly insensi
tive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char
acteristics include: . 

• Offset voltage guaranteed less than O.S mV 

• Maximum input bias current of 3.0 nA over 
temRerature 

Compensation Circuits 

• Offset current less than 400 pA over tempera-
ture 

• Supply current of only 30D/lA, even in 
saturation 

• Guaranteed S /lvtc drift. 

• Guaranteed 1 /lvtc for LM30BA-1 

The low current error of the LM 1 OBA series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10 M.\1 source resistances, introducing less error 
than devices like the 709 with 10 k.\1 sources. Inte
grators with drifts less than SOO /lV Isec and analog 
time delays in excess of one hour can be made 
using capacitors no larger than 1 J.l.F. 

The LM20BA is identical to the LM 1 OBA, except 
that the LM20BA has its performance guaranteed 
over a - 2SOC to BSOC temperature range, instead 
of -ssoe to 12Soe. The LM30BA devices have 
slightly-relaxed specifications and performance 
guaranteed over a oOe to 70°C temperature range. 

Standard Compensation Circuit Alternate· Frequency Compensation Feedforward Compensation 

-Y" -'w....,--'M~--, 

'Y,. -"'''''''--I 

c,~ R~I+C:u 
Co-lIIpF 

Typical Applications 
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" JDpF 
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High Speed Amplifier with Low Drift 
and Low Input Current 
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LM108AJLM?08A 
Absolute Maximum Ratings 
Supply Voltage - ±20V 
Power Dissipation (Note 11 SOOmW 
Differential Input Current (Note 2) ±10mA 
Input Voltage (Note 31 ±ISV 
.output Short,Circuit Duration Indefinite 

- Operating Temperature Range LM10SA -SSoC to 12SoC 
LM20SA - 2SoC to SSoC 

Storage Temperature Range -6SoC to IS00C 
Lead Temperature (Soldering, 10 secl 300°C 

Electrical Characteristics (Note 4) 

PARAMETER CONDITIONS MIN TYP MAX 

Input Offset Voltage TA = 2SoC 0.3 

Input Offset Current TA = 2SoC O.OS 

Input Bias Current 
, 

TA =2SoC 
, 

O.S 

Input Resistance TA =.2SoC 30 70 

Supply Current TA = 2SoC 0.3 

Large Signal Voltage Gain TA = 2SoC, Vs = ±ISV 
VOUT = ±10V, RL ~ 10 kH SO 300 

Input Offset Voltage 

Average Temperature 
. Coefficient of Input 

Offset Voltage 1.0 

I nput Offset Current 

Average Temperature 
Coefficient of Input 
Offset Current O.S 

Input Bias Current 

Supply Current TA=+12SoC O.IS 

Large Signal Voltage Gain Vs = ±ISV, VOUT = ±10V 

RL~10kH 40 

Output Voltage Swing Vs = ±ISV, RL = 10 kH ±13 ±14 

Input Voltage Range Vs =±ISV ±13.S 

Common Mode Rejection 96 110 
Ratio 

Supply Voltage Rejection 96 110 
Ratio 

Note 1: The maximum junction temperature of the LM10BA is 150'C, while that of the LM20BA is 
1000 C. For operating at elevated temperatures, devices in the TO·5 package must be derated based on 
a thermal resistance of 1sCfc/W, junction to ambient, or 4SoCIW. junction to case. The thermal 
resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs Bre 'shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of 1 V is applied between the inputs 
unless some limiting resistance IS used. 

Note 3: . For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
• supply voltage. 

Note 4: These specifications applv for ±5V ~ Vs ~ ±20V and -55°C ~ T A ~ 125°C, unless other· 
wise specified. With the LM208A, 'however, all temperature specifications are limited to 
_25°C ~T A ~B5°C. 
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MH 
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V/mV 

mV 
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pA/oC 

nA 

mA 

V/mV 
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LM308A, LM308A·1, LM308A·2 

Absolute Maximum Ratings 
Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage (Note J) 
Output Short-Circuit Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

±lBV 
500mW 
±10mA 

±15V 
Indefinite 

OoC to 70°C 
_65°C to 150°C 

JOO°C 

Electrical Characteristics (Note 4) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Resistance 

Supply Current 

Large Signal Voltage Gain 

Input Offset Voltage 

LM30BA 

LM30BA-1 

LM30BA-2 

Average Temperature Coefficient 

of Input Offset Voltage 

LM30BA 

LM30BA-1 

LM30BA-2 

I nput Offset Current 

Average Temperature Coefficient 

of Input Offset Current 

Input Bias Current 

Large Signal Voltage Gain 

Output Voltage Swing 

Input Voltage Range 

Common-Mode Rejection Ratio 

Supply Voltage Rejection Ratio 

CONDITIONS 

TA =25"C 

TA = 25°C 

TA = 25°C 

TA = 25°C 

T A = 25°e, Vs = ±15V 

TA= 25°C, Vs = ±15V, 

VOUT = ±10V, RL:?: 10 kQ 

Vs = ±15V, RS = 100Q 

VS=±15V, RS= lOOn 

Vs = ±15V, VOUT = ±10V 

RL~ 10kn 

Vs = ±15V, RL = 10 kn 

VS=±15V 

MIN 

10 

BO 

60 

±13 

±14 

96 

96 

TYP 

O_J 

0_2 

1.5 

40 

O_J 

300 

2_0 

0_6 

1.3 

2_0 

±14 

110 

110 

MAX UNITS 

0_5 mV 

nA 

7 nA 

Mn 

O_B mA 

V/mV 

0_73 mV 

0_54 mV 

0_59 mV 

5_0 /lVfC_ 

1.0 /lV/DC 

2_0 /lVfC 

1.5 nA 

10 pAte 

10 nA 

V/mV 

V 

V 

dB 

dB 

Note 1: The maximum Junction temperature of the LM308A, LM30S-1 and LM30B-2 is 85°C. Fo~ operating at elevated temperatures, devices in 
the TO-5 package must be derated based on a thermal resistance of 150D C/W, junction to ambient, or 45D C/W, junction to case. The thermal 
resistance of the dual-in-line package is 100°C/W junction ,to ambient. 

Note 2: The inputs are shunted with back-ta-back'diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1 V is applied between the inputs unless some limiting resistance is used. 
Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage_ 
Note 4: These specifications apply for ±5V $. VS$. ± 15V and O°C$.TA$. 70°C, unless otherwise specified_ 
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Application Hints 
A ve~y low d~ift amplifier poses some uncommon 
application and testing problems. Many sources of 
error can cause the apparent circuit drift to be 
much higher than would be predicted. 

Thermocouple effects caused by temperature grad
ient across dissimilar metals are perhaps the worst 
offenders. Only a few degrees gradient can cause 
hundreds of microvolts of error. The two places 
this shows uP. generally. are the package-to print
ed circuit board interface and temperature gradients 
across resistors. Keeping package leads short and 
the two. input leads close togetlJer help greatly. 

Resistor choice as well as physical placement is 
important for minimizing thermocouple effects . 

. Carbon. oxide film and some metal film resistors 
can cause large thermocouple errors. Wirewound 
resistors of evanohm or manganin are best since 
they only generate about 2 /lV fc referenced to 
copper. Of course. keeping the resistor ends at 
the same temperature is important. General
ly. shielding a low drift stage electrically and 
thermally will yield gQod results. ' 

Resistors can cause other errors besides gradient 
generated voltages. If the gain setting resistors do 
not trac::k with temperature a gain error will result.' 
For example a gain of 1000 amplifier with a con-

Offset Adjustment for Inverting Amplifiers 

" '" 
RANGl"tV(§) 

Offset Adjustment for Differential Amplifiers 

''''un 

.. 
" 

OUTPUT 

RI-R3+R4 

RAN"'" (~) (.P...) 
GAIN.~ , 

I 
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stant 10 mV input will have a 10V output. If the 
resistors mistrack by 0.5% over the operating temp
erature range. the error at the output is 50 mY. 
Referred to input. this is a 50 p.V er~or. All of the 
gain fixing resistor should be the same material. 

'Offset balancing the LM30BA-l can be a problem 
since there is no easy offset adjustment incorpo
rated into the circuit. These devices are selected for 
low drift with no offset adjustment to the internal 
circuitry. so any change of the internal currents 
will change the drift - probably for the worSe. 
Offset adjustment must be,done at the input. The 
three most commonly needed circuits are shown 
here, 

Testing low drift amplifiers is also difficult. Stan
dard drift testing technique such as heating the 
device in an oven and having the leads available 
through a connector. thermoprobe. or the solder

'ing iron method - do not work. Thermal gradients 
cause much, greater errors than the amplifier drift .. 
Coupling microvolt signal through connectors is 
especially bad since the temperature difference 
across the connector can be 50°C or more. The 
device under test along with the gain setting resis
tor should be isothermal. The following circuit 
will yield good results jf well constructed. , 

Offset Adjustment for Non-Inverting Amplifiers 

Drift Measurement Circuit 

, OYlN 



Schematic Diagram * 
COMPENSATION COMPENSATION 

r-________ ~---+'~~--~----~t_~8~--~t_------------------~I_------~7~V+ 

1-.... ~W'-'e-:-6 OUTPUT 

INPUTS 

+.:......--+----4H 
"--I--'l.M4--U 02D 

R12 
820 

*Pin connections shown on schematic diagram refer to TO·5 package. 

Connection Diagrams 

Order Number LM10BAH, LM20BAH, 
LM30BAH, LM30BAH·l or LM30BAH·2. 

See NS Package HOSC 
INPUTS 

Metal Can Package 
COMPZ 

v-

"·Unu:red pin (flO internal connection) tD aUowfor input ~ntl.lealtage 
guard ringon printed CITcu;tboard layout, 

Order Number LM108AJ, LM20BAJ, 
or LM30BAJ 

See NS Package J14A 

Dual-In-Line Package 

. Nt 1 14 Nt 

COMPI Z 13 Nt 

.. GUARD J 12 COMP2 

INPUT 4 11 yt 

INPUT S 10, OUTPUT 

•• GUARD' • Ne 

,. 7 I Ne 

Note: Pm 1 connected to bottom of package. 
lO,VIEW 
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Dual-I n-Line Package 

COMP COMP2 

INPUT- v+ 

INPUTT OUTPUT 

v- Ne 

TD,VIEW 

Order Number LM10SAJ-8, 
LM20BAJ·B or LM30BAJ-8 

See NS Package JOBA 

Order Number LM20BAN 
or LM30BAN 

See NS Package NOSS 



~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LM110/LM210/LM310 Voltage Follower 
General Description 
The LM110 series are monolithic operational 
ampl ifiers internally connected as unity·gain 
non·inverting amplifiers. They use super·gain 
transistors in the input stage to get low bias 
current without sacrificing speed. Directly inter· 
changeable with 101, 741 and 709 in voltage 
follower applications, these devices have internal 
frequency compensation and provision for, offset 
balancing. Outstanding characteristics include: 

• Input current: 10 nA max. over temperature 

• Small signal bandwidth: 20 MHz 

• Slew rate: 30V/l'-s 

• Supply voltage range: ±5V t() ± 18V 

Schematic Diagram 

" " .. ... 
" " II U 

Auxiliary Circuits 

Offset Balancing Circuit Incr.asing Negative Swing Under Load 
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The LM110 series are useful in fast sample and 
hold' circuits, active filters, or as general·purpose 
buffers. Further, the frequency response is enough 
better than standard IC amplifiers that the 
followers can be included in the feedback loop 
without introducing instability. They are plug·in 
replacements for the LM102 series voltage fol· 
lowers, offering lower offset voltage, drift, bias 
current and noise in addition to higher speed and 
wider operating voltage range. 

The LM 11 0 is specified over a temperature range 
-55"C :::; TA :::; +125°C, the LM210 from 
-25°C :::; T A :::; +85°C and the LM310 from 
O°C:::; TA:::; +70°C. 

Typical Applications 

Differential Input Instrumentation Amplifier 

Fast Integrator with Low Input Current 

" ... 

Fast Inverting Amplifier with 
High Input Impedance 



Absolute Maximum Ratings 

Supply Voltage ±18V 
Power Dissipation (Note 1) SOOmW 
Input Voltase (Note 2) ±lSV 
Output Short Circuit Duration (Note 3) Indefinite 
Operating Temperature Range LM110 -SSoC to 12SoC 

LM210 - 2SoC to 8SoC 

LM310 O°C to +70°C 
Storage Temperature Range -6SoC to l'SO°C 

Lead Temperature (Soldering, 10 sec) 300°C 

, 

Electrical Characteristics (Note 4) 

LM110 LM210 LM310 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

I nput Offset Voltage TA = 2SoC 1.5 4.0 1.5 4.0 2.S 7.5 mV 

. Input Bias Current TA= 2SoC 1.0 3:0 1.0 3.0 2.0 7.0 nA 

Input Resistance TA= 2SoC 1010 1012 1010 1012 1010 1012 U 

Input Capacitance 1.5 1.5 1.5 pF 

Large Signal Voltage TA = 25°C, Vs = ±15V 0.999 0.9999 0.999 0.9999 0.999 0.9999 V/V 

Gain VOUT = ±lOV, RL = 8 kU 

Output Resistance TA = 25°C 0.75 2.5 0.75 2.5 0.75 2.5 U 

Supply Current TA = 25°C 3.9 5.5 3.9 5.5 3.9 5.5 rnA 

Input Offset Voltage 6.0 6.0 10 mV 

Offset Voltage '-5SoC ~ TA ~ +8SoC 6 6 /lVfC 

Temperature Drift TA= 12SoC 12 12 /lVfC 

O°C ~TA~+70°C 10 /lVfC 

Input Bias Current 10 10 10 nA 

Large Signal Voltage Vs = ±15V, VOUT = ±lOV 0.999 0.999 0.999 V/V 
Gain' RL=10kU 

Output Voltage Vs = ±15V, RL = 10 kU ±10 ±10 ±10 V 

Swing (Note 5) 

Supply Current TA=125°C 2.0 4.0 2.0 4.0 rnA' 

Supply Voltage ±5V ~ Vs ~ ±18V 70 80 70 80 70 80 dB 
Rejection Ratio 

N_l: The maximum junction temperature of the LMIIO is 150·C, of the LM210 is IOO·C, and of the LM310 is 85·C. For operating at 
elevated temparatures, davices in the TO·5 package must be derated based on a thermal resistance of 150·C/W, junction to ambient, or 4S·C/W, 
junction to case. The thermal resistance Qf the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than. 15V, the absolute maximum input voltege is equal to the supply voltage. 
Note 3: Continuous short circuit for the LM110 and LM210 is allowed for case temperatures to 125"C and ambient temperatures to 70·C, and for 
the LM310, 70·C case temparature or 5S·C ambient temperature. It Is necessary to insert a resistor greater than 2kn in series with the input when 
the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 
Note 4: These spacifications apply for .5V ::;. Vs ::;; .l8V and -55"c ::;. TA ::;; 125·C for the LMll0,-25·C::;; TA::;; 85·C for the LM210, and 
O·C <;; TA::;; 70·C for the LM310 unless otherwise specified. ' 
Note 5: Increased output swing under load can be obtained by connecting an externai resistor between the booster and V- terminals. See curve. 
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Typical Applications 

Comp'arator for Signals of Opposite Polarity 

" ,., 
,.w_~~Y¥-"'I 

" """ 

Zero Crossing Detector 

Comparator for AC Coupled Signals 

Comparator for AID Converter 
Using a Binary-Weighted Network 

Comparator for AID Converter 
Using a Ladder Network 

Dln'TAL 
SWlTtll 

''''' 
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Driver for AID Ladder Network 

."LIIG'I;UTS 

Buffer for Analog Switch· 

" ,., 

"' ,., 
" >" 

MAlOG 
OUTPUT 

.,.,._ ...... 'n •• ~ ... 
""""" ............. ,. . .. , .. ",._ .. ...... 

High Input Impedance AC Amplifier 

Bilateral Current Source 

Sine Wave Oscillator 



Typical Applications (Continued) 

Tunable Notch Filter 

" Q 210pf HlIpf 

t. : ~-=:Cl 
AI-R2-2ftl 

G,.a.¥-

High Q Notch Filter 

Adjustable Q Notch Filter 

'U .... _' .... ~pOIyar .... . • _ .... I~_ ...... .. 

Sample and Hold 

Low Drift Sample and Hold· 

, 
'.'M\ti 

AI-RZ'ZAl 
C'-C!'Cl!2 .. 

'" 
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Low Pass Active Filter 

.. 
IIOK 

"V.'oK .. ,hllIOH ... 111I u • 
.. 1111 ................ -
f .. "' •• I1..,... ...... bdlly. 

High Pass Active Filter 

Simulated Inductor 

Bandpass Filter 

Buffered Reference Source 

Variable Capacitance Multiplier 
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Typical Performance Characteristics (LMll0/LM2101 
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Typical Performance Characteristics (LM310) 
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Connection Diagrams 

Metal Can Package 

BALANCE 

v
TOP VIEW 

Order Number LM110H. LM210H 
or LM310H 

Dual-In-Line Package 

BALANCE 

NO CONNECTION 4 

INPUT 

V- 6 

NOTE: Pin 6 connected 10 bottom of package. 
TOP VIEW 

Order Number LM110J. LM210J 
or LM310J 

See NS Packago J14A 

See NS Packago HOSC 

BALANCE 1 

NC 2 

INPUT 3 

BOOSTER V- 4 
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Dual-In-Line Package 

TOP VIEW 

Order Number LM310N 
see NS Package N08B 

Order Number LM310J-8 
See NS Packago J08A 

B BALANCE 

71(' 

6 OUTPUT 

5 BOOSTER 



~ National Operational Amplifiers/Buffers 
~ Semiconductor 
LM1121LM2121LM312 Operational Amplifiers 
General Description 
The LM112 series are micro power operational 
ampl ifiers wi th very low offset·voltage and input· 
current errors-at least a factor of ten better 
than FET amplifiers over a -55°C to +1~5°C 
temperature range. Similar to the LM108 series, 
that also use supergain transistors, they differ in 
that they include internal frequency compensation 
and have provisions for offset adjustment with a 
single potentiometer. 

These amplifiers will operate on supply voltages of 
±2V to ±20V, drawing a quiescent current of only 
300 !lA. Performance is not appreciably affected 
over this range of voltages, so operation from 
unregulated power sources is easily accomplished. 
They can' also be run from a single supply like the 
5V used for digital circuits. Some noteworthy 
features are: 

• Maximum input bias current of 3 nA over 
tern peratu re 

Schematic Diagram * * 

• Offset current less than 400 pA over temper, 
ature 

• Lownoise 

• Guaranteed drift specifications 

The LM112 series are the first IC amplifiers to 
improve rei iability by including overvoltage pro· 
tection for the MaS compensation capacitor. 
Without this feature, IC's have been known to 
suffer catastrophic failure caused' by short· 
duration overvoltage spikes on the supplies. Unlike 
other internally-compensated IC amplifiers, it is 
possible to overcompensate with an external 
capacitor to increase stability margin. 

The LM212 is identical to the LM112, except that 
the LM212 has its performance guaranteed over a 
-25°C to 85°C temperature range instead of 
-55°C to 125°C. The LM312 is guaranteed over a 
O°C to 70°C temperature range. 

Auxiliary Circuits * * 

,...--j!-4!-.-<I>--.--.,......--.j!-..... ---.... ---.,.........,.,. Offset Balancing 

"Pin connections shown are for metal can. 

Connection Diagram 
Metal Can Package 

Order Number LM112H, LM212H, 
. or LM312H . 

See NS Package H08C 
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Absolute Maximum Ratings 
LMl12/LM212 

Supplv Voltage ±20V 
Power Dissipation (Note 1) SOO mW 
Differential I "put Current (Note 2) ±10mA 
Input Voltage (Note 3) ±lSV 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range 

LM112 -SS'C to +12S'C 
LM212 -25°C to +8SoC 

Storage Temperature Range -6S'C to +lS0'C 
. Lead Temperature (Soldering, 10 seconds) 300'C 

Electrical Characteristics (Note 4) 

PARAMETER CONDITIONS 

I nput Offset Voltage TA = 25°C 

I nput Offset Current TA = 25°C 

Input Bias Current TA = 25°C 

I nput Resistance TA = 25°C 

Supply Current TA = 25°C 

large Signal Voltage Gain TA = 25°C, Vs = ±15V 

VOUT = ±10V, Rl;::: 10 k'h 

Input Offset Voltage 

Average Temperature 

Coefficient of Input 

Offset Voltage 

I nput Offset Current 

Average Temperature 

Coefficient of Input 

Offset Current 

I nput Bias Current 

Supply Current TA = 125°C 

large Signal Voltage Gain Vs = ±15V, VOUT = ±10V 

RL;:::10krl 

Output Voltage Swing Vs = ±15V, RL = 10 krl 

Input Voltage Range Vs = ±15V 

Common·Mode Rejection 

Ratio 

Supply Voltage 

Rejection Ratio 

LM312 

±18V 
SOO mW 
±10mA 

±15V 
Indefinite 

O'C to +70'C 

-6S'C to +lS0'C 
300'C 

lM112/lM212 

MIN TYP MAX 

0.7 2.0 

0.05 0.2 

O.B 2.0 

30 70 

0.3 0.6 

50 300 

3.0 

3.0 15 
, 

0.4 

0.5 2.5 

3.0 

0.15 0.4 

25 

±13 ±14 

±13.5 

85 100 

80 96 

! lM312 

MIN TYP 

2.0 

0.2 

1.5 

10 40 

0.3 

25 300 

6,0 

2.0 

15 

MAX 

7.5 

1 

7 

0.8 I 

10 

30 

1.5 

10 

10 

UNITS 

mV 

nA 

nA , 
Mrl 

rnA 

V/mV 

mV 

/-Ivtc 

nA 

pAtC 

nA 

rnA 

V/mV 

±1.3 ±14 V 

±14 • V 

80 100 dB 

80 96 dB 

Note 1: The maximum junction temperature of the LM112 is 150°C, LM212 is 100°C and LM312 is 85°C. For operating at ele~ated temperatures, 
devices in the TO-S package must be derated based on a thermal resistance of 150°CIW, junction to ambient, or 45°C/W. junction to case, The 
thermal resistance of the dual-in-line package is 1 00° C/W, junction" to ambient. 

Note 2: The inputs are shun~ed with shunt diodes for overvoltage protection. Therefo~e, excessive current will flow if a differential input voltage 
in excess of 1 V is applied between the inputs unless some limiting resistance is used. 

Note 3: F.or supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage . 

. Note4: These specifications apply for ±5V S Vs S ±20Vand -55'C::;' TA::;' +12~'C (LMl12),-25'C::;'TA::;'+85°C(LM212),±5V::;'VS::;' 
±15V and O'C::; TA S +7o'C (LM312) unless otherwise noted. 
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Typical Performance Characteristics LM112/LM212 
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Typical Performance Characteristics LM312 
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~ National Operational Amplifiers/Buffers 
~ Semiconductor 
LM118/LM218/LM318 Operational Amplifiers 
General Description 
The LMl18 series are precision high speed opera
tional amplifiers designed for applications requiring 
wide bandwidth and high slew rate. They feature 
a factor of ten increase in speed over general pur
pose devices without sacrificing DC performance. 

Features 
• 15 M Hz small signal bandwidth 
• Guaranteed 50V IllS slew rate 
• Maximum bias current of 250 nA 
• Operates from supplies of ±5V to ±20V 
• Internal frequency compensation 
• Input and output overload protected 
• Pin compatible with general purpose op amps 

The LMl18 series has internal unity gain frequency 
compensation. This considerably simplifies its appli
cation since no external components are necessary 
for operation. However, unlike most internally 

Schematic and Connection Diagrams 

Metal Can Package· 

·Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 

Order Number LM11SH, LM21SH 
or LM31SH 

See NS Package HOSe 

3-165 

compensated amplifiers, external frequency com 
pensation may be added for optimum performance 
For inverting applications, feedforward campen· 
sation will boost the slew rate to over 150V Ills 
and almost double the bandwidth. Overcompensa
tion can be used with the amplifier for greater 
stability when maximum bandwidth is not needed. 
Further, a single capacitor can be added to reduce 
the 0.1 % settling time to under 1 IlS. 

The high speed and fast settling time of these op 
amps make them useful in AID converters, oscil
lators; active filters, sample and hold circuits, or 
general purpose amplifiers. These devices are ea~y 
to apply and offer an order of magnitude better 
AC performance than industry standards such ·as 
the LM709. 

The LM218 is identical to the LMl18 except that 
the LM218 has its performance specified over a 
-25°C to +85°C temperature range. The LM318 is 
specified from O°C to +70°C. 

IAUCOIolP_1 I 

Dual-In-Line Package 

"'gU", K I 13"& 

IALAIilCE/ 
tDwt:lSATlON.\ J , II CO"'UISATlOI·, 

IIII'lITS • II V" 

~ + l'OUTPUt 

Ir I '=:::!.nDN-J 
Ie 1 lIN: 

Order Number LMllSJ, LM21SJ 
or LM318J 

See NS Package J14A 

,-

Order Number LMllSJ-S, 
LM21SJ-S or LM31SJ-S 
See: NS Package JOSA 

Order Number LM31SN 
Se. NS Package NOSB 



Electrical Characteristics (Note 4) 

LM118/LM218 LM318 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C [ 
2 4 4 10 mV 

Input' Offset Current TA = 25°C 6 50 30 200 nA 

Input Bias Current TA = 25°C 120 250 150 500 nA 

Input Resistance TA = 25°C 1 3 0.5 3 Mn 

Supply Current TA = 25°C 5 a 5 10 mA 

Large Signal Voltage Gain TA = 25~C, Vs = ±15V 

VOUT = ±10V, RL ~ 2 Hl 50 200 25 200 Vim V 

Slew Rate TA =.25°C, Vs = ±15V, Av = 1 50 70 50 70 V/Ms 

Small Signal Bandwidth TA = 25°C, Vs = ±15V 15 15 MHz 

Input Offset Voltage 6 15 mV 

Input Offset Current 100 300 :nA 

Input Bias Current 500 750 nA 

Supply Current TA = 125°C 4.5 7 

Large Signal Voltage Gain Vs = ±15V, VOUT = ±10V 

RL~2 kn 25 20 V/mV 

Output Voltage Swing VS= ±15V, RL =2 kn ±12 ±13 ±12 ±13 V 

Input Voltage Range Vs = ±15V ±1l.5 ±1l.5 V 

Common-Mode Rejection Ratio ag 100 70 100 dB 

Supply Voltage Rejection Ratio 70 ao 65 ao dB 

Nota 1: The maximum junction temperature of the LMllB is 150°C, the LM21B is l'10°C, and the LM3l8 is 110°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of l50"C/W, junction to ambient, or 45°C/W, junction 
to case. The thermal resistance of the dual-in-line package is 1 00° C/W, junction to ambient. 
Note 2: The inputs are shunted with back-to-back diodes for overvoltago protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1 V is applied between the inputs unless some limiting resistance is used. 
Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage_. 
Note 1: These specifications apply for ±5V $. Vs $. ±20V and -56°C:S TA, $. +12SoC,(LMll8I,-2SoC:S TA:S +8SoC ILM2181. and O°C:S TA 
::; +70 C (LM31BI. Also, power supplies must be bypassed with D. 11'F disc capacitors. 
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Typical Performance Characteristics LMl18, LM218 
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Typical Applications (Continued) 
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~Nalional 
~ Semiconductor 

Operational Amplifiersl Buffers 

LM1241LM2241LM324, LM124A1LM224A1LM324A, LM2902 
Low Power Quad Operational Amplifiers 
General Description 
The LM124 series consists of four independent, high 
gain, internally frequency compensated operational am· 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM124 series can be 
directly operated off of the standard +5 Voe power 
supply voltage which is used in digital systems and will 
easily provide the required interface· electronics without 
requiring the additional ±15 V oe power supplies. 

Unique Characteristics 
• In the line;lr mode the input common·mode voltage 

range includes ground and the output voltage can also 
swing to ground, eveil though operated from only a 
single power supply voltage. 

• The unity gain cross frequency is temperature 
compensated. 

• The input bias current is also temperature 
compensated. 

Advantages 
• Eliminates need for dual supplies 

• Four internally compensated op amps in a single 
package 

• Allows directly sensing near GND and VOUT also 
goes to GND 

• Compatible with all forms of logic 

• Power drain suitable for battery operation 

Features 
• Internally frequency compensated for unity gain 
• Large dc voltage gain 100 dB 
• Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 
• Wide power supply range: 

Single supply 3 Voe to 30 Vee 
or dual supplies ±1.5 Voe to ±15 Vee 

• Very low supply current drain (800ILA) - essentially 
independent of supply voltage (1 mW/op amp at 
+5 Vee! 

• Low input biasing current 
(temperature compensated) 

45 nAee 

• Low input offset voltage 2 m V ee 
and offset current 5 nAee 

• Input common·mode voltage range includes ground 
• Differential input voltage range equal to the power 

supply voltage 

• Large output voltage 
swing 

o Vee to V+ - 1.5 Voe 

Connection Diagram Schematic Diagram (Each Amplifier) 

DUal·1 n·L ine Package 

OUTPUT4 INPUT4- INPUT4+ GND INPUTJ-t INPUU- OUTPUT 3 

OUTPUT 1 INPUT 1- INPUT t T v+ INPUT 2+ INPUT 2- OUTPUT Z 

TOP VIEW 

Order Number LMl24J, LM124AJ, 
LM224J, LM224AJ, LM324J, 

LM324AJ or LM2902J 
See NS Package J14A 

Order Number LM324N, LM324AN 
orLM2902N 

See NS Package N14A 

v' 

3-172 
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Absolute Maximum Ratings 
LMI24/LM224/LM324 LMI24/LM224/LM324 

LMI24A/LM224A/LM324A 
LM2902 

LMI24A/LM224A/LM324A 
LM2902 

Supply Voltage. V+ 32 VOC or ±16 VOC 26 VOC or ±13 VOC Input Current (V,N < --o.3VOC) (Note 3) SOmA SOmA 
Differential Input Voltage 32VOC 26VOC Operating Temperature Range -40°C to -t:8SoC 
Input Voltage --0.3 VOC to +26 VOC --0.3 vilc to +26 VOC LM324/LM324A O°C t~ +70°C 
Power Dissipation (Note 1) LM224/LM224A -26°C to +86°C 

Molded DIP 670 mW 670 mW LM124/LM124A -5SoC to +12SoC 
Cavity DIP 900 mW Storage Temperature Range -GSoC to +150°C -65°C to +150°C 
Flat Pack 800mW Lead Temperature (Soldering, 10 seconds) . 300°C 300°C 

Output Short·eircuit to GNO (One Amplilier) (Note 2) Continuous . Continuous. 
V+ ~ 16 Voe and TA = 26°C 

Electrical Characteristics (v+ = +5.0 VDC. Note 4) 

LM124A LM224A LM324A LM124/LM224 LM324 LM2902 
PARAMETER CONDITIONS 

MIN TYP MAX MIN TYP MAX. MIN TYP 

Input Offset Voltage T A = 26°C. (Note 6) 1 2 1 3 2 

Input Bias Current IIN(+) or I'N(-). TA = 2SoC 20 SO 40 80 46 
(Note 6) 

Input Offset Current IIN(+) -I'N(-). TA = 25°C 2 10 2 15 5 

Input Common-Mode V+ = 30 VOC. TA = 25°C - 0 V+-l.5 0 V+-1.5 0 
Voltage Range (Note 7) 

Supply Current RL =~. Vce = 30V. (LM2902 Vce = 26V) 1.5 3 1.5 3 1.5 
RL = ~ On All Op Amps 0.7 1.2 0.7 1.2 0.7 
Over Full Temperature Range 

Large Signal Voltage V+ = 15 VOC (For Large Vo Swing) 50 100 50 100 25 100 
Gain RL~2 kn. TA = 26°C 

Output Voltage Swing RL = 2 kn. TA = 25°C (LM2902 RL ~ 10 kO) 0 V+-1.5 0 V+-1.5 0 

Common-Mode DC. TA = 25°C 70 85 70 85 65 85 
Rejection Ratio 

Power Supply DC. TA = 25°C 65 100 65 100 65 . 100 
Rejection Ratio 

Amplifier-ta-Amplifier 1= 1 kHz to 20 kH;. T A = 25°C -120 - -120 -120 

Coupling (Note 8) (Input Referred) 

Output Current 

Source VIN+ = 1 VOC. V'N- = 0 Voc. 20 40 20 40 20 40 

v+ = 15 Voe. TA = 2SoC 

Sink VIN-=1 Voc. VIN+=OVOC' 10 20 10 . 20 , 10 20 

v+ = 15 Voc. TA = 25°C 

VIN- = 1 Voc. VIN + = 0 Voc. 12 50 12 50 12 50 

TA = 25°C. Vo = 200 mVOC 

Short Circuit to Ground TA = 25°C. (Note 2) 40 60 40 60 40 

. MAX MIN 

3 

100 

30 

V+-1.5 0 

3 

1.2 

50 

V+-1.5 0 

70 

66 

20 

10 

12 

60 

UNITS 
TYP MAX MIN TYP MAX MIN TYP MAX 

±2 ±S ±2 ±7 ±2 ±7 mVoc 

45 150 45 250 45 250 nAOC 

±3 ±30 ±S ±50 ±5 ±50 nAoc 

V+-1.5 0 V+-l.5 0 V+-1.5 VOC 

1.5 3 1.5 3 1.6 3 mAoc 

0.7 1.2 0.7 1.2 0.7 1.2 mAoc 

100 25 100 100 V/mV 

V+-1.6 0 V+-1.5 0 V+-1.5 VOC 

85 65 70 50 70 dB 

100 66 100 50 100 dB 

-120 -120 -120 dB 

40 20 40 20 40 mADC 

20 10 20 10 20· mAoc 

50. 12 50 I'Aoc. 

40 60 40 60 40 60 mAoe 

~06~lI\Il VI7~£lI\Il/"I7~~lI\Il 
1"17~ ~lI\Il 't~£ 11\11117~~1I\I1117~ ~lI\Il 
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-LM1241LM2241LM324, LM124AI 
LM224A/LM324A, LM2902 

Electrical Characteristics lContinued) 

LM124A LM224A LM324A LM124/LM224 LM324 LM2902 
. PARAMETER CONDITIONS UNITS 

"MIN TYP MAX MIN TYP MAX "MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (NoteS) 4 4 5 ±7 ±9 ±10 mVDC 

Input Offset Voltage RS=On, 7 20 7 20 7 30 7 7 7 p.vfc 
Drift 

Input Offset Cu"e';t IIN(+) -IIN(-) 30 30 75 ±loo ±150 45 ±2oo nADC 

Input Offset Current 10 200 10 200 10 300 10 10 10" pADC/"C 
Drift 

Input Bias Current IIN(+) or IIN(-) 40 100 40 100 40 200 40 300 40 500 40 500 nADC 

Input Common· Mode V+= 3QVec 0 V+-2 0 \/+-2 0 V+-2 0 V+-2 0 V+-2 0 V+-2 Voc 
Voltage Range (Note 7) 

large Signal Voltage v+ = +15 VDC (For Large Vo Swing) 25 25 15 - 25 15 15 V/mV 
Gain RL~2k1i 

Output Voltage Swing 

VOH V+ = +30 Vec, RL =2 kn 26 26 26 26 26 22 Vec 
RL~10kn 27 28 27 28 27 28 27 28 27 28 23 24 VDC 

VOL V+a5VDc;RL::;10kn 5 20 5 20 5 20 5 20 5 20 5 100 mVDC 

Output Current 
Source VIN + = +1 Vec, VIN- = 0 Vec, V+ = 15 VDC 10 20 10 20 10 20 10 20 10 20 10 20 .- mADC 

Sink VIN- = +1 VDC, VIN+ = 0 \lDC, V+ = 15 Voc 10 15 5 8 5 8 5 8 5 8 5 8 mADC 

Differentillinput 32 "" 32 32 32 32 26 VDC 
Vol1age (Note 7) 

Note 1: For operating at" high temperatures, the LM324/LM324A,I.M2902 must be derated based on a +125" C maximum junction temperature and a thermal resistance of 175" CIW which applies for the device 
soldered In a printed circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a +150"C maximum junction temperature. The dissipation is the total of all 
four amplifiers-use allternal resistors, where possible, to allow the amplifier to saturata or to reduce the power which Is dissipated in the integrated circuit. 
Note 2: Shortcircuitlfrom the-output to V+ can cause excessive heeting and eventual destruction. The maximum output current is approximately 40 mA indapendant of the magnitude of V+. At values of supply 
-.oltage in excess of +15"VOC, continuous short-circuits can exceed the power diSSipation ratings and cause eventual destruction. Destructive diSSipation can result from simultaneous shorts on all amplifiers, 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-basa junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can causa the output voltages of the op amps to go to theV+ 
-.oltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This i. not destructiva and normal output states will re-establish when the input voltage, which was negative, 
again returns to a value greater than -0.3 V DC (at 25" Cl. " " _ 
Note 4: Thesa specificetions,"pply for V+ g +6 V DC and -65" C :5: T~ :s +125" C, unless otherwisa stated. With the LM224/LM224A, all temparature specifications are limited to -25" C :s T A :5: +85" C, the LM3241 
LM324A temperature specifications are limited to O°C:5: T A:S +70 C, and the LM2902 specification .. r. limIted to -4Q"C :s TA :5: +85"C. 
Note 5: VO'" 1.4 VOC, RS = on with V+ from 5 Vec to 30 VOC; and over the full input common-mode range (0 VOC to V+ - 1.5 VDCI. 
Note 6: The direction of tha input current is out of the IC due "to the PNP input stage. This current i. essentially constant, independent of the state of the output so no loading change exists on the input lines. 
N_.7: The input common-mode voltage of either input signal voltage should not be allowed to go nagative by more than O.3V (at 25"C). The upper end of the common-mode voltage range is v+ -1.5V, but 
either or both inputs can go to +32 VOC without damage (+26 VOC for LM2902). 
Note 8: Dua to proximity of externel components, insure that coupling is not originating via stray caPacitance between thesa external parts. This typically can be detectad as this type of capacitive increeses at 
higher frequencies, 

I 
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Typical Performance Characteristics (LM2902 only) 
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Application Hints 
The LM124 series are op amps which operat~ with only 
a single power supply voltage, have tru~-differential 

inputs, and remain in the linear mode with an input 
common-mode voltage of 0 Vee. These amplifier~ 
operate over a wide range of power supply voltage with 
little change in performance characteristics. At 25°C 
amplifi~r operation is possible down to a minimum 
supply voltage of 2.3 Vee. -

The pinouts of the package have been designed to 
simplify PC board layouts. Inverting inputs are adjacent 
to outputs for all of the amplifiers and the outputs have 
also been placed at the corners of the package,(pins 1, 
7, 8, and 14). , 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the int~rnal conductor~ and result in a 
destroyed unit. 

Large differential input voltages can be easily' accom
modated and, as input differential voltage protection 
diodes are not' needed, no large input currents result 
from large differential input voltages. The' differential 
inpLit voltage may be larger than V+ without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0.3 Vee 
(at 25°C). An input ,clamp diode with a resistor to the 
IC input terminal can be used. 

To reduce the power-supply current drain, the amplifiers 
have a class A output stage for smilll signal levels which 
converts to class 8 in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current' boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where th~ load is capacitively 
coupled to the output of the amplifier, a resistor should 
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be used, from the 'output of the amplifier to ground to 
increase the class A bias current and prevent crossover 
distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst·case non· 
inverting unity gain connection. Large closed loop gains 
or resistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM 124 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 Vee to 
~V~ . 

Output short circuits either to ground or to the positive 
power supply should be of short time ~uration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in IC chip dissipation which will cause eventual 
failure due to excessive junction temperatures. Putting 
direct short·circuits on more than one amplifier at a, time 
will increase the total IC power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur· 
rent capability' at elevated temperatures (see typical 
performance characteristics) than a standard IC op amp. 

, The circuits presented in the section on typical applica· 
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo·gr.ound (a bias voltage 
reference of V+/2) will allow operation above and below 

. this value in single power supply systems. Many applica
tion circuits are shown which take advantage of the wide 
i~put common-mode voltage' range which includes 
ground. I n most cases, input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 
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Typical Single-Supply Applications (v+ = 5.0 voe! 
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Typical Single·Supply Applications (Continued) (V+ = 5.0 Vocl 
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Typical Singie-Supply Applications (Continued) (V+ = 5.0 Vocl 
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Typical Single·Supply Applications (Continued) (V+ e 5.0 Vod 
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~National Operational Amplifiersl Buffers 
~ Semiconductor 

LM143/LM343 High Voltage Operational Amplifier 

General Description 

The LM143 is a general purpose high voltage operational 
amplifier featuring operation to ±40V, complete input 
overvoltage protection up to ±40V and input currents 
comparable to those of other super·(3 op amps. Increased 
slew rate, together with higher common·mode and sup· 
ply rejection, insure improved performance at high sup· 
ply voltages. Operating characteristics, in particular 
supply current, slew rate and gain, are virtually inde· 
pendent of supply voltage and temperature. Furthermore, 
gain is unaffected by output loading at high supply vol· 
tages due to thermal symmetry on the die. The LM143 
is pin compatible with general purpose op amps and has 
offset null capability. 

Application areas include those of general purpose op 
amps, but can be extended to higher voltages and higher 
output power when externally boosted. For example, 
when used in audio power applications, the LM143 pro· 
vides a power bandwidth that' cQvers the entire audio 
spectrum. In addition, the LM143 can be reliably 
operated in environments with large overvoltage spikes 
on the power supplies, where other internally·compen· 
sated op amps would suffer catastrophic failure. 

The LM343 is' similar to the LM 143 for applications in 
less severe supply voltage and temperature environments. 

Connection Diagram 

Features 

• Wide supply voltage range 

• Large output voltage swi ng 

• Wide input common·mode range 

• Input overvoltage protection 

±4.0V to ±40V 

±37V 

±38V 

Full ±40V 

• Supply current is virtually independent of supply 
voltage and temperature 

Unique Characteristics 

• Low input bias current 

• Low input offset current 

• High slew rate-essentially independent 
of temperature and supply voltage 

• High voltage gain-virtually independent 
of resistive loading, temperature, and, 
supply voltage 

• Internally compensated for unity gain 

• Output short ci rcuit protection 

8.0 nA 

1.0 nA 

2.5Vllls 

lOOk min 

• Pin compatible with general purpose op amps 

Metal Can Packaga 

Ne 

INVERTING 2 
INPUT 

TOP VIEW 

Ordar Number LM143H 
orLM343H 

Saa NS Packaga H08C 
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Absolute M_ximum Ratings (Note 1) 

Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage (Note 2) 
Input Voltage (Note 2). . 
Operating Temperature Range 
Storage Temperature Range 
Output Short Circuit Duration 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 3) 

PARAMETER CONDiTIONS 

Input Offset Voltage .!A = 25°C 

Input Offset Current TA = 25°C 

Input Bias Current TA = 25°C 

Supply Voltage TA = 25°C 
Rejection Ratio 

Output Voltage Swing T A = 25°C, RL ~ 5 Hl 

Large Signal Voltage TA = 25°C, VOUT = ±10V, 
Gain RL ~ 100 kil 

Common·Mode TA = 25°C 
Rejection Ratio 

Input Voltage Range TA = 25°C 

Supply Current (Note 4) TA = 25°C 

Short Circuit Current TA = 25°C 

Slew Rate T A = 25°C, Av = 1 

Power 8andwidth T~ ~ 25°C .. VOUT = 40 Vp .p , 

RL = 5 kil, THO!> 1% 

Unity Gain Frequency TA = 25°C 

Input Offset Voltage TA = Max 
TA = Min 

Input Offset Current TA ;' Max 
TA = Min 

Input Bias Current TA = Max 
TA = Min 

Large Signal Voltage RL ~ 100 kil, TA,= Max 
Gain RL ~ 100 kil, T A = Min 

Output Voltage Swing RL ~ 5.0 kil, T A = Max 
RL > 5.0 kil, TA = Min 

LM143 

±40V 
6BOmW 

BOV 
±40V 

-55°C to +125°C 
-fl5°C to +l50°C 

5 seconds 
. 300°C 

LM143 

MIN TYP MAX 

2.0 5.0 

1.0 3.0 

8.0 20 

10 100 

22 25 

lOOk 180k 

BO 90 

24 26 

2.0 4.0 

20 

2.5 

20k 

1.0M 

6.0 
6.0 

0.8 4.5 
1.8 7.0 

5.0 35 
16 35 

50k 150k 
50k 220k 

22 26 
22 25 

LM343 

±34V 
680mW 

G8V 
±34V 

O°C to +70°C 
-65°C to +150°C 

5 seconds 
300°C 

LM343 

MIN TYP MAX 

2.0 8.0 

1.0 10 

8.0 40 

10 200 

20 25 

70k 180k 

70 90 

, 
22 26 

'2.0 5.0 

20 

2.5 

20k 

1.0M 

10 
10 

. 0.8 14 
1.8 14 

5.0 55 
16 55 

50k 150k 
50k 220k 

20 26 
20 25 

UNITS 

mV 

nA 

nA 

IJ.VIV 

V 

VIV 

dB 

V 

mA 

mA 

V/lJ.s 

Hz 

Hz 

mV 
mV 

nA 
nA 

nA 
nA 

VIV 
VIV 

V 
V 

Note 1: Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed the maximum junction temperature of 
the LM143 (150°C) or the LM343 (100°C). For operating at elevated temperatures, devices in the TO·5 package must be derated based on a 
thermal resistance of 150o CIW. junction to ambient, or 4~CIW, junction to case. I 

Note 2: For supply voltage less than ±40V for the LM143 and less than ±34V for the LM343, the absolute maximum input voltage is equal to the 
supply voltage. 
Note 3: These specifications apply for Vs = ±2BV. For LM143, TA = max = 125·C and TA = min = -55·C. For LM343, TA = max = 70°C and 
TA a min = O°C. 
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Schematic Diagram 
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Typical Performance Characteristics (Continued) 
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Application Hints (See AN-I27) 

The LM143 is designed for trouble free operation at any 
supply voltage up to and including the guaranteed maxi
mum of ±40V_ Input overvoltage protection, both 
common-mode and differential, is 100% tested and 
guaranteed at the maximum supply voltage. Further
more, all possible high voltage destructive modes during 
supply voltage turn-on have been eliminated by design. 
As with most IC op amps, however, certain precautions 
should be observed to insure that the LM143 remains 
virtually blow-out proof. 

Although output short circuits to' ground or either 
supply can be sustained indefinitely at lower supply 
voltages, these' short circuits should be of limited dura
tion when operating at higher supply voltages. Units can 
be destroyed by any combination of high ambient 
temperature, high supply voltages, and high power 
dissipation which results in excessive die temperature. 
This is also true when driving low impedance or reactive 
loads or loads that can revert to low impedance; for 
example, the LM143 can drive most general purpose 
op amps outside of the maximum input voltage range, 
causing heavy current to flow and possibly destroying 
both devices. 

Precautions should be taken to insure that the power 
supplies never become reversed in polarity-even under 
transient conditions. With reverse voltage, the IC will 
conduct excessive current, fusing the internal aluminum 
interconnects. Voltage reversal between the power sup
plies will almost always result in a destroyed unit. 

NO 

v' I 
. , , 

OUTPUT '6 1 

OFFSET NULL .' 

/ OFFSET NULL 

, 

BOTTOM VIEW 

FIGURE 1. Printed Circuit Lavout for Input Guarding 
with ,TO-S Package 

., .2 
v-

GUARD 

'.PUT ~-----EH 

Rl ~ ::: 'R~2 = RSOuACE v-

FIGURE 3. Guarded Non-Invening !l-mplifier 

'In high voltage applications which are sensitive to very 
low input currents, special precautions should be exer
cised. For example, with high source resistances, care 
should be taken to prevent the magnitude of the PC 
board leakage currents, although quite small, from 
approaching those of the op amp input currents. These 
leakage currents become larger at '-25°C and are made 
worse by high supply voltages. To prevent this, PC 
boards should be properly cleaned and coated to prevent 
contamination and to provide protection from condensed 
water vapor when operating below O°C. A guard ring is 
also recommended to significantly reduce leakage cur
rents from the op amp input pins to the adjacent high 
voltage pins in the standard op amp pin connection as 
shown.in Figure 1. Figures 2, 3 and 4 show how the 
guard ring is connected for the three most common op 
amp configurations. 

Finally, caution should be exercised in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case, users may 
inadvertantly contact voltages equal to those across the 
power supplies. 

The LM143 can be used as a plug-in replacement in most 
gef!eral purpose op amp applications. The circuits pre
sented in the following section emphasize those applica
tions which take advantage of the unique high voltage 
capabilities of the LM143. 
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Typical Applications t (For more detail see AN-1271 
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Typical Applications (Continued) (For more detail see AN-l27) 
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~National Operational Amplifiersl ~uffers 
.~ Semiconductor 

LM1441LM344 High Voltage, High Slew Rate Operational 
Amplifier 
General Description 

The LM144 is a general purpose high voltage, uncom
pensated operational amplifier featuring, operation to 
±36V, complete input overvoltage protection up to' the 
supply voltages and input currents comparable to those 
of other super-~ op amps. Increased slew rate, together 
with high common-mode and supply rejection, insure 
excellent performance at high supply voltages. Operating 
characteristics, in particular supply current, slew rate 
and gain, are virtually independent of supply voltage 
and temperature. Furthermore, due to thermal symmetry 
on the die, gain is unaffected by output loading at 
high supply voltages. 

With the unique advantages of low input current, high 
gain, and high slew rate, the LM144 can increase accu
racy and useful frequency range in many existing applica
tions. For example, the LM144 is a plug-in replacement 
for the LM101A, as well as other general purpose 
op amps. 

The LM144 can be compensated with a single capacitor, 
thus giving the user the ability to optimize ac parameters 
to suit the application. For example, in applications 
such as audio power amplifiers, the LM144 with a gain 
of 10 can provide a ±30V output swing, a slew rate of 
approximately 30V Ip.s, and a 120 kHz full power 

Typical Application 

bandwidth.' In applications where capacitive loads or 
cables must be driven, the LM144 can be overcompen
sated for increased stability. 

The LM344 is similar to the LM144 for applications in 
less, seve~e supply voltage and temperature environments. 

Features 
• External compensation provides 

large power bandwidth (Av 2 10) 120 kHz 
• Wide operating voltag,7 range ±4.0V to ±36V 

• Large output voltage swing ±30V 

• Wide input common-mode range 
• Input overvoltag~ protection 
• Electrical characteristics independent of supply 

voitage and temperature 

Unique Characteristics 
• . Low input bias current 
• Low input offset current 
,. High slew rate (Av 210) 

• High voltage gain 
• Offset voltage null capability 

a.OnA 
1.OnA 
30V/p.s 

lOOk min 

large Power-Bandwidth. Current Boosted Audio Line Driver 

r--.... --O +36V 

10k 

lOOk 

15 

",--.--oVOUT 

300 

'--+-O-36V 
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Absolute Maximum Ratings (These ratings are not concurrent! 

LM144 LM344 

Supply Voltage ±40V ±34V 
Power Dissipation (Note 1) 680mW 680mW 
Differential Input Voltage (Note 2) BOV 6BV 
Input Voltage (Note 2) ±40V ±34V 
Operating Temperature Range -55°C to +125°C O°C to +70°C 
Storage Temperature Range -65°C to +150°C --65°C to +150°C 
Output Short Circuit Duration 5 seconds 5 seconds 
Lead Temperature (Soldering. 10 seconds) 300°C 300°C 

Elec~rical Characteristics (Note 3) 

I LMI44 LM344 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C 2.0 5.0 2.0 8.0 mV 

Input Offset Current TA = 25°C 1.0 3.0 1.0 10 nA 

Input Bias Current TA = 25°C 8.0 20 S.O 40 nA 

Supply Voltage TA = 25°C 10 100 10 200 p.V/V 

Rejection Ratio 

Output Voltage Swing TA = 25°C. RL? 5 kn 22 25 20 25 V 

Large Signal Voltage Gain TA = 25°C. V OUT =±10V. lOOk 180k 70k ISOk V/V 

RL ? 100 k!1 

Common-Mode Rejection TA = 25°C SO 90 70 90 dB 

Ratio 

Input Voltage Range TA = 25°C 24 26 22 26 V 

Supply Current TA =25°C 2.0 4.0 2.0 5.0 rnA 

Short Circuit Current TA = 25°C 20 20 rnA 

Slew Rate T A = 25°C. Av =' 1 2.5 .2.5 Vlp.s 

TA =25°C.Av =10.Cl =3pF 30 30 Vlp.s 

Power Bandwidth T A = 25°C. VOUT = 40 Vp,P. 20k 20k Hz 

R L = 5 k!1. THO::; 1%. Av = I 

Unity Gain Frequency TA = 25°C 1.0M 1.0M Hz 

Input Offset Voltage TA = Max 6.0 10 mV 

TA =Min 6.0 10 mV 

Input Offset Current TA = Max O.S 4.5 O.S 14 nA 

TA = Min 1.8 7.0 I.S 14 nA 

Input Bias Current TA = Max 5.0 35 5.0 55 nA 

TA = Min 16 35 16 55 nA 

Large Signal Vollage Gain RL ?100kn. TA =Max 50k 150k 5Dk 150k V/V 

R L ? 100 kn. T A = Min 50k 220k 50k 220k V/V 

Output Voltage Swing R L ? 5.0 kn. T A = Max 22 26 20 26 V 

RL ? 5.0 k!1. T A = Min 22 25 20 25 V 

Note 1: The maximum junction temperature of the LM144 is 150°C, while that of the LM344 is 100°C. For operating at elevated temperatures. 
devices in the TO-5 package must be derated based on a thermal resistance of 150°CIW. junction to ambient. or 4'iJ'CIW. junction to case. 

Note 2: For supply voltage less than ±40V for the LM144 and less than ±34V for the LM344. the absolute maximum input voltage is equal to the 
supply voltage. ,. 

Note 3: These specifications apply for Vs = ±2SV. For the LM144. TA = max = 12'iJ'C and TA = min = -5'iJ'C. For the LM344. TA = max = 70°C 
and T A = min = O°C. 
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Schematic Diagram 
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Typical Performance Characteristics (Continued)· 
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Application Hints (See Also AN·l27) 

The LM 144 is desillned for trouble·free operation at any 
supply voltage up to a maximum of :!:40V. I nput over· 
voltage protection, both common·mode and differen· 
tial, is 100% tested and guaranteed at the maximum 
\supply voltage. Furthermore, all possible high voitage 
destructive modes during supply voltage turn-on have 
been eliminated by design. As with most IC op amps, 
however, certain precautions should be observed to 
insure that the LMl44 remains virtually blow-out 
proof. 

Although output short circuits to ground or either 
supply can be sustained indefinitely for supply voltages, 
below ±18V, these short circuits should be of limited 
duration when operating at higher supply voltages. 
Units can be destroyed by any combinatiOn of high 
ambient temperature, high supply voltages, and high 
power dissipation which results in excessive die tempera· 
ture. This is also true when driving low impedance or 
reactive loads or loads that can revert to low impedance; 
for example, the LM144 can drive most general purpose 
op amps outside of their maximum input voltage range, 
causing heavy current to flow and possibly destroying 
both devices. 

Precautions should be taken to insure that the power 
supplies never become reversed in polarity-even under 
transient conditions. With reverse voltage, the IC will 
conduct excessive current, fusing the internal aluminum 
interconnects. Voltage reversal between the power 
supplies will almost always result in a destroyed unit. 

In high voltage applications wh ich are sensitiv~ to very 
low input currents, special precautions should be exer· 

, COMPENSATION 

. -\ v., , IBALAHC. 

oUTP'"r""".7 '. 

IALAHC •• • 

I v-

IOTTOMVIEW 

FIGURE 1. Prlnled Circuit Lavout for1nput Guarding 
with TO·5 Packago. 

., ., 

., 
GUARD 

I.PUT o------A...:.f 
111 x Rt 

R3" R17ii2 " RSOURCE 

FIGURE 3. Guarded Non·lnverting Amplifier 

cised. For example, with high source resistances, care 
should be taken to prevent the magnitude of the PC 
board leakage currents,. although quite small, from 
approaching those of the op amp input ~urrents. These 
leakage cu-rrents become larger at 1250 C and are made 
worse by high supply voltages. To prevent this, PC 
boards should be properly cleaned and coated to prevent 
contamination and to provide protection from con· 
densed water vapor when operation below 00 C. A guard 
ring is also recommended to significantly reduce leakage 

. currents from the op amp input pins to the adjacent high 
·voltage pins in the standard op amp pin connection as 
shown in Figure 1. Figures 2, 3 and 4 show how the 
guard ring is connected for the three most common op 
amp configurations. 

The minimum values given for the frequency compensa' 
tion capacitor are stable only for source resistances less 
than 10 kn, stray capacitances on the summing junction 
less than 5 pF and capacitive loads smaller than 100 pF. 
If any of these conditions are not met, it becomes 
necessary to overcompensate the amplifier with a 
larger compensation capacitor. Alternately, lead capaci· 
tors can be'used in the feedback network to negate the 
effect of stray capacital')ce and· large feedback resistors 

. or an RC network cim be added to isolate capacitive 
·Ioads. See Figures 5, 6 and 7. 
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. 
Finally. caution should· be exercised in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case. users may 
inadvertantly contact voltages equal to those across the 
power supplies. 

GUARD 

FIGURE 2. Guarded Voltage Follower 
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FIGURE 4. Guarded Invetting Amplifier 



Application Hints (Continued) 

Cl _ R~1+C:2 ,NDN INVERTING 

Cl _ R~~ ,INVERTING 
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INPUT 

OUTPUT 

FIGURE 5. Single Pole Compensation FIGURE 6. Isolating Large Capacitive Loads 
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FIGURE 7. Compensating For Stray Input 
Capacitances or Large Feedback Resistor 

FIGUR E S. Protecting Against Gross 
Fault Conditions 

FIGURE 9. Balancing Circuit 

Connection Diagrams 

Metal Can Package 

V· 

TOP VIEW 

Order Number LM144H 
or LM344H 

See NS Package HOSC 
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~ National Operational AmplifierslBl:Jffers 
~ Semiconductor , 
LM146JLM246JLM346 Programmable Quad Operational 
Amplifiers 
General Description Features (lSETo = 10/lA) 
The LM 146 series of quad op amps consists of four 
independent, high gain, internally compensated, low 
power, programmable amplifiers. Two external resistors 
(RSET) allow the user to program the gain bandwidth 
product, slew rate, supply current, input bias current, 
input offset current and input noise. For example, the 
user can trade· off supply current for bandwidth or 
optimize noise figure for a given source resistance. In a 
similar way, other amplifier characteristics can be' 
tailored to the application. Except for the two program· 
ming pins at the end of the package, the LM146 pin·out 
is the same as the LM124 and LM148. 

• Programmable electrical characteristics 

• 8attery-powered operation 

• Low supply current 350/lA amplifier 
• Guaranteed gain bandwidth product 0.8 MHz min 

• Large DC voltage gain 120 dB 

• Low noise voltage 28 nV 1$2 
• Wide power supply range ±1.5V to ±22V 
• Class AB output stage-no crossover distortion 

• Ide~1 pin out for Biquad active filters 
• Input bias currents are temperature compensated 

Connection Diagrams (Dual·ln·Line Packages, Top Views) 

v· v· 

SETC 

lM146 

Order Number LM146J, LM246J or LM346J 
See NS Package J16A 

Order Number LM246N or LM346N . 
See NS Package N16A 

Schematic Diagram 

PROGRAMMING EQUATIONS 

Total Supply Current = 1.4 rnA tiSET/10 /lAI 
Gain Bandwidth Product = 1 MHz tiSET/10 pA) 
Slew Rate = O.4V//ls (lSET/10 ",AI 
Input Bias Current ~ 50 nA (lSETI10 pA) 
ISET = Current into pin 8, pin 9 ·(see schematic
diagram) . 

V+ -V--O.6V 
ISET = --:R'-S-E-T--

r--~-----------<t------",,------oV·I'1 
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Absolute Maximum Ratings (Note 1) ~~ 

LM146 LM246 LM346 ' 

Supply Voltage ±22V ±18V ±18V 
Differential Input Voltage (Note 1) ±30V ±30V ±30V 
CM Input Voltage (Note 1) ±15V ±15V ±15V 
Power Dissipation (Note 2) 900mW 500mW 500mW 
Output Short-Circuit Duration (Note 3) Indefinite Indefinite Indefinite 
Operating Temperature Range -55°C to +125°C -25°C to +85°C O°C to +70°C 
Maximum Junction Temperature 150°C 110°C 100°C 
Storage Temperature Range -65°C to +150°C -65°C to +150°C -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C 
Thermal Resistance (8jAl. (Note 2) 

Cavity DIP (D) (J) Pd 900mW 900mW 900mW 

8jA 90°CIW 90°CIW - 90°CIW 
Molded DIP (N) , Pd 500mW 

8jA 140°CIW 

DC Electrical Characteristics (VS = ±15\(, ISET = 10 /-lA, Note 4) 

LM146 LM246/LM346 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage VCM = OV, RS S 50!?, TA = 25°C 0.5 5 0.5 6 mV 

Input Offset Current VCM = OV, T A = 25°C 2 20 2 100 nA 

Input Bias Current VCM = OV, TA = 25°C 50 100 50 250 nA 

Supply Current (4 Op Amps) TA=25°C 1.4 2.0 1.4 2.5 mA 

Large Signal Voltage Gain RL = 10 k!?, ~VOUT = ±10V, 100 1000 50 1000 V/mV 

TA=25°C 

Input CM Range TA = 25°C ±13.5 ±14 ±13.5 ' ±14 V 

CM Rejection Ratio RS S 10k!?, T A = 25° C 80 100 70 100 dB 

Power Supply Rejection RS s 10 k!?, T A = 25°C 80 100 74 100 dB 

Ratio 

Output Voltage Swing ,RL:?: 10 k!?, TA = 25°C ±12 ±14 ±12 ±14 V 

Short-Circuit Current TA=25°C 5 20 35 5 20 35 mA 

Gain Bandwidth Product TA = 25°C O.B 1.2 0.5 1.2 MHz 

Phase Margin TA=25°C 60 60 Deg 

Slew Rate TA=25°C 0.4 0.4 V/p.s 

Input Noise Voltage f = 1 kHz, T A = 25°C 28 2B nV/v'Hz 

Channel Separation RL = 10 k!?, ~VOUT = OV to 120 120 dB 

±12V, TA = 25°C 

I nput Resistance TA = 25°C 1.0 1.0 M!? 

Input Capacitance TA = 25°C 2.0 2.0 pF 

Input Offset Voltage VCM = OV, RSS 50!? 0.5 6 0.5 7.5 mV 

Input Offset Current VCM = OV 2 25 2 100 nA 

Input Bias Cu~rent VCM = OV 50 100 50 250 nA 

Supply Current (4 Op Amps) 1.5 2.0 1.5 2.5 mA 

Large Signal Voltage Gain RL = 10 k!?, ~VOUT = ±10V 50 1000 25 1000 V/mV , 
Input CM Range ±13.5 ±14 ±13.5 ±14 V 

CM Rejection Ratio RSS50!? 70 100 70 100 dB 

Power Supply Rejection RSS50!? 76 100 74 . 100 dB 

Ratio 

Output Voltage Swing RL:?:10k!? ±12 ±14 ±12 ±14 V 
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DC Electrical Characteristics (Vs = ±15V, ISET = 1 !lA) 

PARAMETER CONDITIONS' 
LM146 LM246/LM346 

UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage VCM=OV, RS::O;50n, 0.5 5 0.5 7 mV 

TA=25°C 

Input Bias Current VCM = OV, TA = 25°C 7.5 20 7.5 100 nA 

Supply Current (4 Op TA=25°C 140 250 140 300 /lA 
AmPs) 

Gain Bandwidth Product TA = 25°C 80 100 50 100 kHz 

DC Electrical.Characteristics (Vs = ±1.5V, ISET = 10 /lA) 

PARAMETER CONDITIONS 
'LM146 LM246/LM346 

UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage VCM = OV, RS::O; 50 n, 0.5 5 0.5 7 mV, 

TA = 25°C 

Input CM Range TA=25°C fO.7 ±0.7 V 

CM Rejection Ratio RS::O;50n,TA=25°C 80 80 dB 

Output Voltage Swing RL<::10kn,TA=25°C ±0.6 ±0.6 V 

Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX. 8jA, and the 
ambient temperature, T A. The maximum available power dissipation at any temperature is Pd = ITjMAX - TA1I8jA or the 25° C PdMAX, which· 
ever is less. 
Not83: Any of the amplifier outputs can be shorted to ground indefinitely; however. more than one should net be simultaneously shorted as the 
maximum junction temperature will be exceeded. 
Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted. 
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Typical Performance Characteristics (Continued) 
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Typical Performance Characteristics (Continued) 
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Application Hints 
Avoid reversing the power supply polarity, the device 
will fail. 

Common-Mode Input Voltage: The negative common· 
mode voltage limit is one diode drop above the negative 
supply voltage. Exceeding this limit on either input will 
result in an output phase reversal. The positive common· 
mode limit is typically lV below the positive' supply 
voltage. No output phase reversal will occur if this limit 
is exceeded by either input. 

Output Voltage Swing vs 'SET: For a desired output 
voltage swing the value of the minimum load depends on 
the positive and negative output curent capability of the 
op amp. The maximum available positive output current, 
(/CL+), of the device increases with ISET whereas the 
negative output current (lCL-) is independent of ISET. 
Figure 1 illustrates the above. 

28 

C[ 24 
.s 
!:: 20 
~ 
~ 16 

~ 12 

~ 
o 

o 

--CURRENT lIM.T UCLJ-i-

+CURRENT LIMIT UCL +1 t:;;--r-

VS· ~15V 
TA·25~C 

10 

'SET"'" 
FIGURE 1. Output Current Limit vs ISET 

Input" Capacitance: The input capacitance, CIN, of the 
LM146 is approximately 2 pF; any stray capacitance, 
CS, (due to external circuit circuit layout) will add to 
CIN. When resistive or active feedback is applied, an 
additional pole is added to the open loop frequency 
response 'of the device. For instance with resistive feed
back (Figure 2), this pole occurs at 1/211 (RlIIR2) 
(CIN + CS>' Make sure that this pole occurs at least 
2 octaves beyond the expected -3 dB frequency corner 
of the closed loop gain of the amplifier; if not, place a 
lead capacitor in the feedback such that the time con
stant of this capacitor and the resistance it parallels is 
equal to the RI(CS + CIN), where RI is the input resis
tance of the circuit. 

FIGURE 2 

Temperature Effect on the GBW: The GBW (gain 
bandwidth product), of the LM146 is directly propor· 
.tional to ISET and inversely proportional to the ab
solute temperature. When using resistors to set the 
bias current, ISET, of the device, the GBW product will 
decrease with increasing temperature. Compensation 
can be provided by creating an ISET current directly 
proportional to temperature (see typical applications). 
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Isolation Between Amplifiers: The LM 146 die is iso
thermally layed out such that crosstalk between all 4 
amplifiers is in excess of -105 dB (DC). Optimum 
isolation (better than -110 dB) occurs between ampli
fiers A and 0, Band C; that is, if amplifier A dissipates 
power on its output stage, amplifier 0 is the one which 
will be affected the least, and vice versa. Same argument 
holds for amplifiers Band C. 

LM146 Typical Performance Summary: The LM146 
typical behavior is shown in Figure 3. The device is fully 
predictable. As the set current, ISET, increases, the 
speed, the bias current, and the supply current increase 
while the noise power decreases proportionally and the 
Vos remains constant. The usable GBW range of the op 
amp is 10 kHz to 3.5-4 MHz. 

10M 

1M OA i 511 .. ~ ~ ! 
IDOl! DoIM f 

10. 0.5 

SUPPLV CURRENT (,.A' 

I 111111111 111111111 
0.1 • 10 

'SET(,.A' 

1'1'1'1111 • '.,2(~) 
(85,2 (8512 L (15)2 

5 10 

FIGURE 3. LM146 Typical Characteristics 

Low Power Supply Operation: The quad op amp oper· 
ates down to ±1.3V supply. Also, since the internal 
circuitry is biased through programmable current sources, 
no degradation of the device speed will occur. 

Speed vs Power Consumption: LM146 vs L.M4250 
(single programmable). Through Figure 4, we observe 
that the LM 146'5 power consumption has been opti
m ized for G BW products above 200 kHz, whereas the 
LM4250 will reach a GBW of no more than 300 kHz, for 
GBW products below 200 kHz, the LM4250 will con- . 
sume less. 

SUPPLY CURRENT {JJA} 

FIGURE 4. LM146 V$ LM4250 



Typical Applications 

Dual Supply or Negative Supply Biasing 

RSET SET SET 9 RSET 

, LM346 

Current Source Biasing' 
with Temperature Compensation 

RSET 

8 SET 

LM346 

67.7mV 
ISET c --

RSET 

SET 

• The LM334 provides an ISET directly 'proportionel to 
absolute temperature. This cancels the slight GBW product 
temperature coefficient of the LM346. 

Single (Positive) Supply Biasing 

2· 

V+ -0.6V 
ISET~ RSET 

Biasing all 4 Amplifiers .. 
with Single Current Source 

":' 

LM334Z 

v· 

RSET 

Rl ~8 

ISETZ 
LM34& 

RZ -

16 

ISEn R2 ", 67.7 mV 
--= -, ISEn + ISET2 = ---
ISET2 RI RSET 

• For ISET1 ~ ISET2 resistors RI and R2 are not required 
if a slight error between the 2 set currents can be tolerated. 
If not, then use R I = R2 to create a 100 mV drop ecross 
these resistors. 
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Active Filters Applications 
Basic (Non-Inverting "State Variable'" Active Filter Building Block 

10Dle 

10k 

• The lM146 qued programmable op amp is especially suited lor active filters becau.e of their adequate GBW product and low power 
consumption. 

Circuit synthesis equations (for circuit analysis equations. consult with the AF100 and lMI4B data sheet!. 

Need to know desired: fo = center frequency measured at the BP output 
Co = quality factor measured at the BP output 
Ho = gain at the output of interest (BP Dr HP or lP or all of them) 

!' Relation between different gains: Ho(BP) = 0.316 x Co x Ho(LP); Ho(lPI = lOx Ho(HP) 
5.033 x 10-2 

.. R xC = (sec) 
fo 

R _ (3.47B Co - Ho(BP) 
.. For BP output: Q - 105 

-1 '(3.478 Co ) 
Ho I8P) ) • R = ~ - 1 

105 x 3.478 x Co • IN ~ + 10-5 
RQ 

1.1 x 105 
.. For HP output: RQ = 3.47B Co (1.1 _ HoIHP)) - Ho(HP) 

,1.1 
---1 

RIN = HolHPI 

.2.+ 10-5 
RQ 

11 

11 x 105 HollP) -
.. For lP output: RQ = ;;-:=-;::-"7:~-;-:--:-"77'-- . RIN = -:,=:"':"'-.-

3.478 Co 111 - HollP)I- HollP) • _'_+ 10"':5 
RQ, 

Note. All resistor values are given in ohms. 

.. For BR Inotch) output: Use the 4th amplifier of the lMI46 to sum the lP and tiP outputs of the basic filter. 

LP o--AJV'v--. 

HPQ--,\M_' 

Determine RF according to the desired gains: Ho(BR) If« fnotch = :~, HollP), 'HoIBR) If» fnotch = :: HoIHP) 

• Where to use amplifier C: Examine the above gain relations and determine the dynamiCS of the filter. Do not allow slaw rate limiting 
in any output IVHP. VBP. VlP). that is: 

VINlpeak) < 63.66 x 103 x ISET x _,_ (Volts) 
10l'A fo x Ho 

If necessary. use amplifier C. biased at higher ISET; where you get the large., output swing. 

Deviation from Theoratical Predictions: Due to the finite GBW products of the OP amps the fo• 00 will be slightly dlffarent from tha 
theoretical predictions. 

, fo 
freal ~ --rro-

1+-
GBW 

, Oreal ~ 
1 _ 3.2fo x Co 

GBW 
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Active Filters Applications (Continued) 

A Simple-to:Oesign BP, LP Filter Building Block, 

3.9. 

3.9k 

Rn 

R 

• If resistive bi""ing is used to set the LM346 performance, the 00 of this filter 'building block is nearly insensitive to the op amp's GBW 
product temperature drift; it has also better noise performance than the state variable filter. 

Circuit Synthesis'Equations 

0.159 Ra R 
Ho(BP) = aoHo(LP); R x C = --; Ra = 00 x R; RIN = --= ---

fo ' Ho(BP) Ho(LP) 

• For the eventual use of amplifier C, see comments on the previous page. 

A 3-Amplifier Notch Filter (or .Elliptic Filter Building Block) 

3.9. 

Circuit Synthesis Equations, 

0.159 0.169 x fo 
RxC= -- ;Ra~OoxR;RIN= , 2 

fo C x f notch 

R 
Ho(BR) I = - Ho(BR) I 

f« fnotch RIN ' f» fnotch 

• For nothing but. notch output: RIN = R, C' = C: 

3.9k 

C' 

C 
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Active Filters Applications (Continued) 

Capacitorless Active Filters (Basic Circuit) 

R3 
Vs = ,'5V 

R2 

RID 

R9 

>';;;D-4"""'4JBR 

RS 

R7 

• This is a BP, LP, BR filter. The filter characteristics are created tiy using the tunable frequency response of the LM346. 

63.66 x 103 ISET II.A) (V) 
• Limitations: a" < 10, fo x 0 0 < 1.S MHz, output voltage should not exceed Vpeak(out)::; fo x 1ii"j;A 

R6 + RS R2 R3, R7 Rl0 fb . 
• Design equations: a= AS' b= Rl+R2' c=~, d=Rs+'R7' e= Fi9+Fi'iO' fo(BP)= fu J7,Ho(BP)=axc, 

Ho(LP) =: ,a" =~ 

fo(BR) = fo(BP) (1 -i-) ~ fo(BP) (e« 1) provided that d = Ho(BP) x e, Ho(BR) = :~O. 
• Advantage: fa. Clo, ~o can be independently adjusted; that is, the filter is extremely easy to tune. 

• Tuning procedure (ex. BP tuning) 

1. Pick up a convenlant value for b; (b < 1) 

2. Adjust a" through RS 

3. Adjust Ho(BP) through R4 
4. Adjust fo through RSET 

R4 
Y,N 1l1li 

RJ 
51 

A 4th Order Butterworth Low Pass Capacitorless Filter 

Ex: f~ = 20 kHz, Ho (gain of the filter) = 1,00 1 = 0.541, 002 = 1.306. 

>''''D ....... OVOUT 

• Since for this filter the GBW product of all 4 amplifiers has been designed to be the same (-1 MHz) only one current source can 
be used to bi'as the circuit. Fine tuning can be further accomplished through Rb. 

3·203 



Miscellaneous Applications 

A Unity Gain Follower 
with Bias Current Reduction 

Y,N 0-+-----1 

>-.... OVOUT 

• For better performance, use a matched 
NPN pair. 

Vs= ±15V 

Circuit Shutdown' 

20k 

5VDiil 
'~OV 

• BV pulling the SET pin(.) to V- the op amp(.) .hut. down and its 
output goes to a high impedance .tate. According to this propertv. 
the LM346 can be u.ed a. a verv low .peed analog .witch. 

Voice Activated Switch and Amplifier 

v· 

O.1j.1F 

MICI~~ ~ .... --~ 

10o.F~ 
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O.5M 

RSET 
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Miscellaneous Applications (Continued) 

X10 Micropower Instrumentation Amplifier with Buffered Input Guarding 

A1 
5.55k RZ 

25k 

16 

~1"~ 

V-·-1.5V ":" 

" 
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A3 
25k 

A 
25k 

A 
25k 

A3 
25k 

A4 
25k 

A3 
Z5k 

• CMRR: 100 dB Ityp) 
,. Power dissipation: 0.4 mW 

• All resistors part of RA201 array 



~National Operational Amplifiers/ Buffers 
~ Semiconductor 

LM148, LM149 Series Quad 741 Op Amps 
LM148/LM248/LM348 quad 741 op amps 
LM149/LM249/LM349 wide band decompensated (AV(MINI '" 5) 

General Description. 
The LM148 series is a true quad 741. It con~ists of four 
ind~pendent, high gain, internally compensated, low 
power operational amplifiers wh ich have been designed 
to provide functional characteristics identical to those of 
the familiar 741 operational amplifier. In addition the 
total supply current for all four amplifiers is comparable 
to the supply current of a single 741 type op amp. 
Other features include input offset currents and input 
bias current which are much less than those of a standard 
741. Also, excellent isolation between amplifiers has 
been achieved by independently biasing each amplifier' 
and using layout techniques which minimize thermal 
coupling. The LM149 series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a 
gain of 5 or greater. 

The LM148 can be used anywhere multiple 741 or 1558. 
type amplifiers are being used and in applications where 
amplifier matching or high packing density is required. 

Schematic and Connection Diagrams 

Features 
• 741 op amp·operating characteristics 

• Low supply current drain 0.6 rnA/Amplifier 

• Class AB output stage-no crossover distortion 

• Pin compatible with the LM124 

• Low input offset voltage 

• Low input offset current 

• Low input bias current 

• Gain bandwidth product 
LM148 (unity gain) 
LM149 (Av ~ 5) 

1 mV 

4nA 

30nA 

1.0 MHz 
4MHz 

• High degree of isolation between 120 dB 
amplifiers 

• Overload protection for inputs and outputs 

r-----.... ---------~-o+vcc Dual-I n-Line Package 

OUT 

'40 
'---+--4...,.. .... -----..... - ..... ---.... - ..... <l-Vn 
·,pFonth.LMI49, 
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OUT1 IN 1 IN'· v· INt" 'N' OUT' 
TOPYIEW 

Order Number LM148J, LM248J, LM348J, 
LM149J, LM249J or LM349J 

Sea NS Package J14A 
Order Number LM34BN or LM349N' 

Sea NS Package N14A 



Absolute Maximum Ratings 
LM148/LM149 LM248/LM249 LM348/lM349 

Supply Voltage f22V f18V f18V 

Differential Input Voltage ±44V f36V f36V 

Input Voltage ±22V ±18V ±18V 

Output Short Circuit Duratio~ (Note 1) Continuous Continuous Continuous 

Power Dissipation (Po at 25°C) and 
Thermal Resistance (OjA), (Note 2) 

Molded DIP (N) Po - - SOOmW 

OjA' - - l50°CIW 

CavitY DIP (J) Po 900mW 900mW 900mW 

°jA 1000 CIW 100°CIW l00°C/W 

Maximum Junction Temperature (TjMAX) 150°C l)O°C 100°C 

Operating Temperature Range -SSoC:::; TA :::; +125°C -25°C:::; T A :::; +85°C O°C:::;TA :::;+70°C 

Storage Temperature Range --£5°C to +lS0°C --£5°C to +lS0°C --£5°C to +150°C 

Lead Temperature (Soldering, 60 seconds) 300°C 300°C 300°C 

Electrical Characteristics (Note3) ;-

LM148/LM149 LM248/LM249 LM348/LM349 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TVP MAX 

Input Offset Voltag. T A = 25°C, Rs :5 10 k!l 1.0 5.0 1.0 6.0 1.0 6.0 mV 

Input Offset Current 'TA =2SoC 4 25 4 50 4 50 nA 

Input Bias Current T" = 25°C 30 100 30 200 30 200' nA 

Input Resistance TA = 25°C O.B 2.5 O.B 2.5 0.8 2.5 M!l 

SupplV Current All Amplifiers TA ;:: 2SoC. Vs = ±15V 2.4 3.6 2.4 4.5 2.4 4.5 mA 

Large Signal Voltage Gain TA = 25°C, Vs = ±15V 50 160 25 160 25 160 V/mV 

VOUT = ±10V, RL 2: 2 k!l 

A'!Iplifier to Amplifier T A = 25°C, f = 1 Hz to 20 kHz -120 -120 -120 dB 

Coupling (Input Referredl See Crosstalk Test 

Circuit 

Small Signal Bandwidth TA ;:: 2SoC LM14B series 1.0 1.0 1.0 MHz 

lM149 series 4.0 4.0 4.0 MHz 

Phase Margin TA = 25°C LM14Bseries (Av = 1) 60 60 60 degrees 

LM149 series IAv = 51 60 60 60 degrees 

Slew Rate T A = 25°C LM14B series IAv = 1) 0.5 0.5 O.S V/jJs 

LM149 series (Av = 5) 2.0 2.0 2.0 V/jJs 

Output Short Circuit Current TA = 25°C 25 25 25 mA 

Input Offset Voltage Rs:510k!l 6.0 7.5 7.5 mV 

Input Offset Current 75 125 100 nA 

Input Bias Current 325 500 400 nA 

Large Signal Voltage Gain Vs ='±15V, VOUT = ±10V. 25 15 15 V/mV 

RL > 2k!l 

Output Voltage Swing Vs = ±15V, RL = 10 k!l, ±12 ±13 ±12 ±13 ±12 i13 V 

RL = 2 k!l ±10 ±12 ±10 ±12 ±10 ±12 V 

Input Voltage Range Vs = ±15V ±12 ±12 ±t2 V 

Common-Mode Rejection Rs:5 10 k!l 70 90 70 90 70 90 dB 

Ratio 

SupplV Voltage Rejection Rs :510 k!l 77 96 77 96 77 96 dB 

Note 1. Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the 
maximum junction temperature witl be exceeded. 
Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and i. dictated by 1J.MAX, 8jA;and the 
ambient temperature, T A. The maximum available power dissipation at any temperature is Pd = (TjMAX - TA)/6jA or the 2 C PdMAX, which-
ever is less. 
Nota 3: Th .. e specifications apply for Vs = .15V and over the absolute maximum operating temperature range (Tt. ~ TA ~ TH) unle .. otherwi •• 
notad. 
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Typical Performance Characteristics 

Supply.Currant 
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Typical Performance Characteristics (Continued) 
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Application Hints 
The LM148 series are quad low power 741 op amps. 
In the proliferation of quad op amps, these are the first' 
to offer the convenience of familiar, easy to use operating 
characteristics of the 741 op amp. In those applications 
where 741 op amps have been employed, the LM148 
series op amps can be employed directly with no chan'ge 
in circuit performance. 

The LM149 series has the same characteristics as the 
LM148 except it has ·been decompensated to provide a 
wider bandwidth. As a result the part requires a mini
mum gain of 5_ 

The package pin-outs are such that the inverting input 
of each amplifier is adjacent to its output. In addition, 
the amplifier outputs are located in the corners of the 
package which simplifies PC board layout and minimizes 
package related capacitive coupling between amplifiers_ 

The input characteristics of these amplifiers allow 
differential input voltages which can exceed the supply 
voltages. In addition, if either of the input voltages is 
within the operating common-mode range, the phase of 
the output remains correct. If the negative limit of the 
operating common-mode range is exceeded at both 
inputs, the output voltage will be positive. For input 
voltages which greatly exceed the maximum supply 
voltages,either differentfally or common-Q'lode, resistors 
should be placed in series with the inputs to limit 
the current. 

Like the LM741, these amplifiers can easily drive a 
100 pF capacitive load throughout the entire dynamic 
output voltage and current range. However, if very large 
capacitive loads must be driven by a non-inverting 
unity gain amplifier, a resistor should be placed between 

Typical Applications - LM148 
One Decade Low Distortion Sinewave Generator 

.3 
94 A5 

the output (and feedback connection) and the capaci
tance to reduce the phase shift resulting from the capa
citive loading. 

The output current of each amplifier in the package is 
limited. Short cirGuits from an output to either ground 
or the power supplies will not destroy the unit. However, 
if multiple output shorts occur simultaneously, the time 
duration should be short to prevent the unit from being 
destroyed as a result of excessive power dissipation in 
the IC chip. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be 'placed with the body close 
to the input to minimize "pickup" and maximize the 
frequency of the feedback pole which capacitance from 
the input to ground creates. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and capa
citance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margih. However, if the feedback pole 
is less than approximately six times the expected 3 dB 
frequency a lead capacitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 

Low Cost Instrumentation Amplifier 

., 

1 R4R5 ( 1 .1 1 \ RON 

f = 2~R1C1 x..jK ,K = Ai'" 'OS + R4 + AS)' 'OS '" (1 _ VGS) 1/2 

, , Vp 

VOUT=2(:: +1) ,VS'o -3V:5.VINCM:5. VS-3V, 

Vs = ±15V 

R = R2, trim R2 to boost CMRR 

fMAX = 5 kHz, THO :5. 0.03% 
Rl = lOOk pot .• Cl = 0.0047I'F. C2 = O.OlI'F, C3 = O.lI'F, R2 = R6 = R7 = 1M, 
R3 = 5~lk, R4 = 12n, R5 = 240n, Q = NS5102, 01 = lN914, 02 ='3.6V avalanche 
diode (ex. LM103), Vs = ±15V 
A simpler version with some distortion degradation at high frequencies can be 
made by using A 1 as a simple inverting amplifier; and by putting back to back 
zene,s in the feedback loop of A3. 
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Typical Applications - LM148 (Continued) 

Low Drift Peak Detector with Bias Current Compensation 

v" 

Adjust R for minimum drift 

03 low leakage diode 

01 added to improve speed 

Vs = ±15V • 1M 

m 
l 

Universal State-Space Filter 

RJ 
v,.o--vW"'"1t-1 

., 

Tune Q t6rough RO, 

•• 

For predictable results: fO Q $; 4 x 104 

Use Band Pass output to tune for a 

Nls) 

Dis) 
DIs) = S2 + SWo + Wo 2 

Q 

., 
lOOk 

v .. 

1 
fo= -

2" 

fRs 
J;S 

fI, ti = RiCi, Q = (1 + R41R3 + R4IRO) 

J -m2 1 + R61R5 

1/2 

fNOTCH = ( RH) 1/2 

2" RLtlt2 

1 + RSIR6 
HOLP = ------

1 + R31RO + R31R4 

1 + R61RS 
,HOHP= ------

1 + R31RO + R31R4 
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1 + R41R3 + R41RO 
HOBP = ------

1 + R31RO + R31R4 
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Typi~al Applications 

v~o-""'M'-""-I 

"" 

., 

LM148 (Continued) 

A 1 kHz 4 Pol. Butterworth 

Use general equations, and tune each section separately 

QlstSECTION ~ 0.541, Q2ndSECTION - 1.306 
The response should heve 0 dB peaking 

A 3 Amplifier Bj-Quad Notch Filter 

., 

R2 ., 
., 

V"I~,o-""-----------"'-------------I 

fAa RICI ~ fRB x 
Q = J R7 x ..j R3C2R2CI ' fo= 21rJ R7 ..jR2R3CI C2 

1, Rl 
Necessary condition for notch: 

R6 R4R7 

1 
'NOTCH=-

2" 

> ...... ~~OVOUTt 

YOUTZ 

., 

Ex: 'NOTCH = 3 kHz, Q = 5,R1 = 270k, R2 = R3 = 2Ok, R4- 27k, R5 = 20k, RS· ,RB = 10k, R7 = lOOk, C1 = C2 = O.OOII'F 

Better noise performance than the state-space approach 
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Typical Applications LM148 (Continued) 

A 4th Order 1 kHz Elliptic Fill.r (4 Pol •• , 4 Zerol) 

R, 

R'O 

R', 

Lowpa .. Response 

-to H-++IIlfIIf-++ftHlll-+HfI!fIf 
~ -zo H-++HtIII+-t+ftHlll-+HfI!fIf 
~ -3D 

~O H-++HtIII~+ftHlll-+HfI!fIf 

-so H-ttIttllt-tfflfffl!;O+-+++!fffI 
~O H-ttIttllt-f~~-rHH~ 
-10 '-'...LJ.IIJIII-L.m.WIl...J...WJUII 

'00 1k 10k 

FREOUENCY (Hz! 

R1C1=R2C2=t 
R'1 C'1 =R'2C'2=t' 

R', 
toOk 

10011 

Vo 

fC = 1 kHz, fS = 2 kHz, fp = 0.543, fZ = 2.14, 0 = 0.841, f'p = 0.987, f'Z = 4.92, 0' = 4.403, normalized to ripple BW 

1 ~S 1 1 ~H 1 (1 + R41R3 + R4IRO) fJS ~'S 1 + R'41R'O 
fp = - - x - fZ = - - x - 0 = x - 0' = -

2" RS t ' 2" RL t" . 1 + RSIRS RS ' R'S 1 + R'SIR'S + R'SIRp 

U.e the BP output. to tune 0, 0', tune the 2 sections separately 

Rl = R2 = 92.Sk, R3 = R4 = RS = lOOk, RS = 10k, RO = 107.8k, RL = lOOk, RH = lSS.1k, 

R'l = R'2 = SO.9k, R'4 = R'S = lOOk, R'S = 10k, R'O = S.7Bk, R'L = lOOk, R'H = 24B.12k, R'f = lOOk. All capacitors are O.OOl"F. 

Typical Applications - LM149 

Minimum Gain to 'nsure LM149 Stability 

VOUT 
ACL(S)= -'

VIN 

Va I '" is Vas 
VIN =0 . 

Power BW = 40 kHz 

Small Signal BW = G BW/S 

-4 

'" -4 
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Th. LM149 es a Uriity Gain Inverter 

4R 

4R 

VOUT ~ ACLCs)= -- = 
VIN 

1 + 

val . '" ±S Vas 
VIN=O 

Small signal BWa G BW/S 

>-j~-oYOUT 

-1 ~ 

AO:C.) 

'" -1 

rs: ..... 
ct 
en 
CD ... 
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Typical Applications . LM 149 (Continued) 

Y,. 

IO" 

Non-inverting-Integrator Bandpass Filter 
• 

• 1 

'0 

.s 

',. 

For stability purposes: R7 = RS/4 , 10RS = R5, Cc = 10C 

" 

(As 1.RQ fA5 
fO= 2" J R6 x RC ,Q = R J As ' HOBP =. 

(fO(MAX), QMAX) = 20 kHz, 10 

Better a sensitivity with 'respect to open loop gain variations than the 
state variable filter. . 
R7, Cc added for compensation 

Active Tone Control with Full Output Swing (No Slew Limiting at 20 kHz) 

.2 

KxVIN 

BOOST '" 

Triangular. Squarewave Generator 
C1 

O.OUIIIF 

2VI 

Vs = ±15V, VOUT(MAX) = 9.1 VRMS, 
fMAX = 20 kHz, THO $ 1% 
Duplicate the above circuit for stereo 

1 .1 
fL = --- , fLB = 

2"R2Cl 2"Rl Cl 

1 1 
fH = --- , fHB = --.----

2"R5C3 2,,(Rl + 2R7) C3 

Max Bass G~in '" (R 1 + R2)/R 1 

Max Treble Gain'" (Rl + 2R7)/R5 

as shown: fL '" 32 Hz, fLB '" 320 Hz 

fH'" 11 kHz, fHB '" 1.1 Hz 

f=--- K = R2/R'2,-- $ 25V, V+ = V-, Vs = ±15V 
K 8V+C1Rl 

Use LM125 for ± 15V supply 

The circuit can be used as a low frequency V/F for process control. 

Ql, Q3: KE4393, Q2, Q4: Pl087E, 01-04 = lN914 
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Typical Simulation 
LM148. LM149. LM741 Macromodel for Computer Simulation 

.tl 
Uk 

.t, 
Uk 

+o----r--------~r-~ 

'" 2D.26"A 
~ol = 112 

~o2 = 144 

IS = B· 10-16 

V. 
G. 
247.5mll 

'C2 = 6 pF for LM149 

·0' 42.11. 

-For more details, see I EEE Journal of Soli<;i-State 
Circuits, Vol. SC·9, No.6, December 1974 
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'?A National 
~ Semiconductor 

Operational Amplifi~rs/Buffers 

LM158/LM2581LM358, LM158A1LM258A1LM358A, LlVI2904 
Low Power Dual Operational Amplifiers ' 
General Description 
The LM158 series consists of two independent, high 
gain, internally frequency compensated operational am
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM 158 series can be 
directly operated off of the standard +5 V oc power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 V oc power supplies. 

Unique Characteristics 
• In the linear mode the input common-mode voltage 

range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

• The unity gain cross. frequency ,is temperature 
compensated. 

• The input bias current is also temperature 
compensated. 

Advantages 
• 'Eliminates need for dual supplies 

• Two internally compensated op amps in a single 
package 

• Allows directly sensing near GND and VOUT' also 
goes to, GND 

• Compatible with all forms of logic 

• Power drain suitable for battery operation 

• Pin-out same as LM1558/LM1458 dual operational 
amplifier 

Features 
• I nternally frequency compensated for unity gain 

• Large dc voltage gain 100 dB 

• Wide bandwidth (unity gain) 1 MHz 
(temperature compensated) 

• Wide power supply range: 
Single supply 3 Voc to 30 Voc 
or dual supplies ±1.5 Voc to ±15 Voc 

• Very low supply current drain (500MA) - essentially 
independent of supply voltage (1 mW/op amp at 
+5 Voe! 

• Low input biasing current 45 nAoc 
(temperature compensated) 

• Low input offset voltage 2mVoc 
and offset current 5 nAoc 

• Input common-mode voltage range includes ground 

• Differential input voltage range equal to the power 
supply voltage 

• Large output vol tage 
swing 

o V'oc to V+ ·-1,5 Voc 

Connection Diagrams (Top Views) Schematic Diagram (Each Amplifier) 
I 

Metal Can Package 
v' 

. Order Number LM158AH, LM158H, LM258AH, 
LM258H, LM358AH or LM358H 

See NS ~ackage H08C 

OUTPUT A y+ 

INVERTING INPUT A k."'-_';-"""- OUTPUT B 

NDN.INVERTING 3 
INPUT A INVERTING INPUT B 

Order Number LM358AN, LM358N or LM2904N 
, See NS Package NO!!B 

v' 
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Absolute Maximum Ratings 
LM158/LM258/LM358 

LM2904 
LM158A/LM258A/LM358A 

Supply Yoltage, y+ 32 Ybc or ±16 YOC 26 YOC or ±13 YOC 
Differential Input Voltage . 32YOC 26YOC 
Input Voltage -{l.3 YOC to +32 YOC -{l.3 YOC to +26 YOC 
Power Dissipation (Note 1) 

Molded DIP (LM358N) 570 mW 570 mW 
Metal Con (LM158H/LM258H/LM358H) 830mW 

Output Short·Circuit to GNO (One Amplifier) (Note 2) 
y+ $15 YOC and TA = 25°C 

Continuous Continuous 

Input Current (YIN < -0.3 YOC) (Note 3) 50 rnA 50mA 
Operating Temperature Range 

LM358 aQe to +70QC -40°C to +85°C 
LM258 -25°C to +8SoC 
LM158 -S5°C to +12SoC 

Storage Temperature Range -65QC to +150QC --65Q C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 

Electrical Characteristics (v+ = +&.0 VOC. Note 4) 

LM158A LM258A 

~ 
PARAMETER CONDITIONS 

MIN TVP MAX MIN TVP MAX 

"" Input Offset Yoltage T A = 25°C, (Note 5) 1 2 1 3 

Input Bias Current IIN(+) or IIN(-), TA = 25°C, (Note 6) 20 50 40 80 

Input Offset Current IIN(+) -IIN(-), TA = 25°C 2 10 2 15 

Input -Common-Mode • y+ = 30 YOC, TA = 2SoC (Note 7) 0 Y+-1.5 0 Y+-1.5 

Yoltage Range 

Supply Current RL = 00, YCC = 30Y (LM2904 ~CC = 26Y) 1 2 .1 2 

RL = 00 On All Op Amps 0.7 1.2 0.7 1.2 
Over Full Temperature Range 

Large Signal Yoltage y+ = 15 YOC (For Large YO Swing) 50 100 50 100 
Gain RL;?: 2 kil, TA = 25°C 

Output Yoltage Swing RL = 2 kil, TA = 25°C (LM2904 RL;e: 10 kill 0 Y+-1.5 0 Y+-1.5 

Common-Mode ~C, TA = 2SoC 70 85 70 85 

Rejection Ratio 

Power Supply ~C. TA = 25°C 65 100 65 100 

Rejection Ratio 

Amplifier-ta-Amplifier f = 1 kHz to 20 kHz, T A = 2SoC -120 -120 
Coupling (Input Referred), (Note 8) 

Output Current 

Source YIN+=l VOC,YIN-=O.VOC, 20 40 20 40 
y+ = 15 YOC, TA =2SoC 

~ 

LM358A 

MIN TVP MAX 

2 3 

45 100 

5 30 

0 Y+-l.5 

I 2. 

0.7 1.2 

25 100 

0 Y+-1.S 

65 85 

65 100 

-120 

20 40 

LM158/LM258 LM358 LM2904 

MIN 

0 

50 

0 

70 

65 

20 

-

UNITS 
TVP MAX MIN TVP MAX MIN TVP MAX i 

±2 ±5 ±2 ±7 ±2 ±7 mYOC 

45 150 45 250 45 250 nAOC 

±3 ±30 ±5 ±50 ±5 ±50 nAOC ' 

Y+-1.5 Y+-l.5 Y+-l.5 
I 

0 0 YOC 

! 

1 2 1 2 1 2 mAoc ! 

0.7 1.2 0.7 1.2 0.7 1.2 _mAoc 
! 

100 25 100 100 Y/mY 

Y+-l.5 0 Y+-l.S 0 Y+-l.5 VOC 
! 

85 65 70 50 70 dB 
'1 

100 65 100 50 100 dB 

-120 -1.20 -120 dB I 

, 

40 20 40 20 40 mAoc 

t06~lI\Il 'v8S£lI\Il/"8S~lI\Il 
'''8S~lI\Il '8S£1I\I1/8S~1I\I1/8S'~lI\Il 
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LM1581LM2581LM358, LM158AI 
LM258A/LM358A, LM2904 

Electrical Characteristics (Continued) (V+ = +5.0 VOC, Note 4) 

LMl58A LM258A LM358A LM1581LM258 LM358 LM2904 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Sink VIN- = 1 VOC. VIN+ = 0 VOC. 10 20 10 20 10 20 10 20 10 20 10 20 mAoc 
v+ = 15 Voc. TA = 25°C 

VIN- = 1 Voc, VIN + = 0 VOC 12 50 12 50 12 50 12 50 12 50 "AOC 
TA = 25°C. Vo = 200 mVOC 

Short Circuit to Ground T A - 25°C. (Note 21 40 60 40 60 40 60 40 60 40 60 40 60 'mAOC 

Input 'O(fset Voltage (Note 51 4 4 5 ±7 ±9 ±10 mVOC 

Input Offset Voltage RS=On 7 15 7 15 7 20 7 7 7 "VIC 
Drift 

Input Offset Current IIN(+I-IIN(-I 30 30 75 ±100 ±150 45 :t200 nAOC 

Input Offset Current 10 200 10 200 10 300 10 10 10 pAnc/C 
Drift 

Input Bias Current IIN(+I or IIN(-I - 40 100 40 100 40 200 40 300 40 500 40 500 nAOC 

Input Common-Mode . V+ = 30 VOC, (Note 71 0 V+-2 0 V+'2 0 V+-2 0 V+-2 0 V+-2 0 V+-2 VOC 
Voltage Range 

Large Signal Voltage v+::: +15 VOC (For Large Va Swing) 25 25 15 25 15 15- VlmV 

Gain RL~ 2 kU 

Output Voltage Swing 

VOH V+ = +30 VOC. RL = 2 kSl 26 26 26 26 26 22 VOC 
RL~ 10kU 27 28 27 28 27 28 27' 28· 27 28 23 24 VOC 

VOL V+ = 5 VOC, RL ::; 10 kSl 5 20 5 20 5 20 \ 5 20 5 20 5 100 mVOC 

Output Current 

Source VIN+ = +1 VOC. VIN - = 0 VOC. V+ = 15 VOC 10 20 10 20 10 20 10 20 10 20 10 20 mAoc 

Sink VIN - = +1 VOC. VIN + = 0 VOC. V+ = 15 VOC 10 15 5 8 5 8 5 8 5 8 5 8 mAoc 

Differential Input 32 32 32 32 32 26 VOC 
Voltage (Note 71 

Not. 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device 
soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all 
four amplifiers-use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 
Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 40 mA independent of the magnitude of V+. At values of supply 
voltage in excess of +15 VOC, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased ~nd thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the Ie chip. This transistor action can cause the output voltages of the op amps to go to theV+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative; 
again returns to a value greater than -0.3 VOC (at 25"C). 

Not. 4: These specifications apply for V+=+5 VOC and -55°C:S T,A:S -f125°C, unless otherwise stated. With the LM258/LM258A, all temperature specifications are limited to -25°C:S T A:S +85°C, the LM358/ 
LM358A temperature specifications are limited to O°C S TA S +70 C, and the LM2904 specifications are limited to -40°C S T A:s. +8So C. 

Note 5: Vo ".1.4 VOC, RS = on with V+ from 5 VOC to 30 VOC; and over the ful! input common·mode range (0 VOC to V+ -1.5 VOC). 

Note 6: The direction of the input current, is out of the IC due to the PNP. input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 
Note 7: The input common·mode voltage of either input signal voltage should not be allo~ed to go negative by more than O.3V (at 2~C)' The upper end of the common-mode voltage range is V+ -1.5V. but 
either or both input. can go to +32 V OC without damage (+26 V OC for LM2904). 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of .capacitive' increases at 
higher frequencies. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) (LM2902 only) 
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Application Hints 
The LM158:series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 V DC. These amplifiers 
operate over a wide range of power supply voltage with 
little change in performance characteristics. At 25°C 
amplifier operation is possible down to a minimum 
supply voltage of 2.3 V DC' 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the Ie could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Large differential input voltages can be easily accom
modated and, as input differential voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The differential 
input voltage may be larger than V+ without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0_3 VDC 

(at 25°C). An input clamp diode 'with a resistor to the 
IC input terminal can be used. 

To reduce the power supply' current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power ~apability of 
the basic amplifiers. The output voltage needs to raise' 
approximately 1 diode' drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications_ 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier, a resistor should 
be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 
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distortion_ Where the load' is directly coupled, as in dc 
applications, there is no crossover distortion_ 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin_ Values 
of 50 pF can be accommodated using the worst-case non
inverting unity gain connection_ Large closed loop gains 
or resistive isolation should' be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM158 establishes a drain 
'current which is independent of the magnitude of the 
power supply voltage over the range of from 3 VDC to 
30 VDC' 

Output short circuits either to ground or to the positive 
power supply should be of short time duration.' Units 
can be destroyed, not as a result, of the short circuit 
current causing metal fusing, but rather due to the large 
increase in IC chip dissipation which will cause eventual 
failure due to excessive junction temperatures_ Putting 
direct short-circuits on more than one amplifier at a time 
will increase the total IC power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers_ The larger value of output source current 
which is available at 25°C provides a larger 'output cur
rent capability at elevated temperatures (see typical 
performance characteristics) than a standard IC op amp. 

The circuits presented in the section on typical applica
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V+I2) will allow operation above and below 
this value in single power supply systems. Many applica
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes 
ground. In most cases, input biasing is not required and 
input voltages which range to ground, can easily be 
accommodated_ 
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Typical Single-Supply Applications (v+' = 5.0 Vocl 
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Typical Single-Supply Applications (Continued) (V+; 5.0 Vocl 
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Typical Single-Supply Applications (Continued) (V+; 5.0 Vod 
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Typical Single·Supply Applications (Continued) (V+ = 5:0 Vod 
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Typical Single-Supply Applications (Continued) (v+ = 5.0 Vocl 
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~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LM159/LM359· Dual,· High Speed, Programmable, 
Current Mode (Norton) Amplifiers 

General DeSCription 
The LM159/LM359 consists of two current differencing 
(Norton) Input amplifiers. Design emphasis has been 
placed on obtaining high frequency performance and 
providing user programmable amplifier operating 
characteristics. Each amplifier Is broad banded to provide 
a high gain bandwidth product, fast slew rate and stable 
operation for an inverting closed loop gain of 10 or 
greater. Pins for additional external frequency compensa· 
tlon are provided. The amplifiers are designed to operate 
from a single supply and can accommodate Input 
common-mode voltages greater than the supply. 

Applications 
• General purpose video amplifiers 
• High frequency, high Q active filters 
• Photo-diode amplifiers 
• Wide frequency range waveform generation circuits 
• All LM3900 AC applications work to much higher 

frequencies 

Typical Application 

O.5pF 

>= ..... -o·OUT 

ZOk 
tZV o-JV4V1r ..... 

ZOk 

• AV=20 dB 
• - 3 dB bandwidth = 2.5 Hz to 25 MHz 

• Differential phase error<" at 3.58 MHz 
• Differential gain error <0.5% at 3.58 MHz 

Features 
• User programmable gain bandwidth product, slew 

rate, input bias current, output stage biasing current 
and total device power dissipation 

• High gain bandwidth prqduct (lSET = 0.5 mAl 
400 MHz for Av=10 to 100 
30 MHz forAv =1 

• High slew rate (ISET = 0.5 mAl 
60 V/p.s for Av = 10 to 100 
30 V/p.s for Ay'= 1 

• Current differencing inputs allow high common-mode 
input voltages 

• Operates from a single 5V to 22V supply 

• Large inverting amplifier output swing, 2 mV to 
Vcc- 2V 

• Low spot noise, 6 nV/v'Hl, for 1>1 kHz 

Connection Diagram 

Dual-In-Line Package 

ISET(OUTI-+--., 

VOUTA 

COMPA 

COMP B 

GND A --.-="""" ........ r.=.",...-y- GND B 

NC 

IIN{+IB 

...... --fo-ISET{iNI 

TDP VIEW 

Order Number LM159J or LM359J 
S8e NS Packag8 J14A 
Order Numb8r LM359N 
588 NS Package N14A 
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Absolute Maximum Ratings 
Supply Voltage 22VOC Input Currents,IIN( +) or IIN( -) lOmAOC 

± llVOC Set Currents, ISET(IN) or ISET(OUT) 2mAOC 
Power Dissipation (Note 1) Operating Temperature Range 

J Package lW 
N Package 750mW LM159 -55'Cto +125'C 

Maximum Tj 
LM359 O'Ct070'C 

J Package 150'C Storage Temperature Range -55'Cto +150'C 
N Package 125'C Lead Temperature (Soldering, 10 seconds) 300'C 

9jA , 
J Package 100'C/W 
N Package lS0'CIW 

Electrical· Characteristics ISET(IN; = ISET(OUT) = 0.5 mA, VsuPPly = 12V, TA = 25°C unless otherwise noted. 

Parameter Conditions 
LM159 LM359 

Units 
Min Typ Max Min Typ Max 

Open Loop Voltage Gain VsUPPly=12V, RL=1k, f=10Q Hz 66 72 62 72 dB 
TA=125°C 62 68 68 dB 

Bandwidth 
Unity Gain RIN = 1 kO, Ccomp = 10 pF 20 30 15 30 MHz 

Gain Bandwidth Product RtN = 500 to 2000 300 400 200 400 MHz 
Gain of 10 to 100 

Slew Rate 
Unity Gain RIN=1 kO, Ccomp =10 pF 30 30 VII's 
Gain of 10 to 100 RIN<2000 60 60 VII's 

Amplifier to Amplifier 
f=100 Hz to 100 kHz, RL= 1k -80 -80 dB 

Coupling 

Mirror Gain (Note 2) @2 mA IIN(+),lsET =5 ".A, TA=25°C 0.95 1.0 1.05 0.9 1.0 1.1 ".A/".A 
@0.2 mA IIN( +), ISET = 5 ".A 0.95 1.0 1.05 0.9 1.0 1.1 ".A/".A 
Over Temp 
@20".A IIN( +), ISET =5".A 0.95 1.0 1.05 0.9 1.0 1.1 ".A/".A 
Over Temp 

AMirror Gain (Note 2) @20".AtoO.2mAIIN(+) 1 5 3 5 % 
Over Temp, ISET = 5 ".A 

Inp~t Bias Current Inverting Input, TA=25°C 8 15 8 15 ".A 
Over Temp 30 30 ".A 

Input Resistance (fJre) Inverting Input 2.5 2.5 kO 

Output Resist~nce IOUT= 15 mA rms, f = 1 MHz 3.5 3.5 !l 

Output Voltage Swing RL=6000 
VOUT High IIN( -) & IIN( +) Grounded 9.5 10.3 9.5 10.3 V 
VOUT Low IIN(-)=100".A,IIN(+)=0· 2 50 2 50 mV 

Output Currents 
Source IIN( -) & IIN( +) Grounded, RL = 100!l 20 40 16 40 mA 
Sink (Linear Region) Vcomp - 0.5V = VOUT= 1V, IIN( +) =0 4.7 4.7 mA 
Sink (Overdriven) IIN( -) = 100 ".A, IIN( +) = 0, 2 3 1.5 3 mA 

VOUT Force = 1V 

Supply Current Non·lnverting Input 18.5 20 18.5 22 mA 
Grounded, RL = DO 

Power Supply Rejection 
f = 120 Hz, IIN( +) Grounded 40 50 40 50 dB 

(Note 3) 

Note 1: See Maximum Power Dissipation graph. 
(. IINH) Nota 2: Mirror gain Is the current gain of the current mirror which Is used as the non-inverting input. AI=-- AMirror 

Gain is the % change in AI for two different mirror currents at any given temperature. IIN(+) 
Nota 3: See Supply Aejection graphs. 
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Typical Perfonnance Characteristics 
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m Typical Performance Characteristics (Continued) 
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The LM159/LM359 consists of two wide bandwidth, 
decompensated current differencing (Norton) amplifiers. 
Although simil.ar in operation to the original LM3900, 
design emphasis for ~hese amplifiers has been placed on 
obtaining much higher frequency performance as il
lustrated in Figure 1. 

This significant Improvement in frequency response is 
the result of using a common-emitter/common-base 
(cascode) gain stage which is typical in many discrete 
and integrated video and RF circuit designs. Another ver
satile aspect of these amplifiers is the ability to external
ly program many internal amplifier parameters to suit the 
requirements of a wide variety of applications in which 
this type of amplifier can be used. 
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DC BIASING 

The LM359 is intended for single supply voltage opera
tion which requires DC biasing of the output. The current 
mirror circuitry which provides the non-inverting input for 
the amplifier also facilitates DC biasing the output. The 

_ basic operation of this current mirror Is that the current 
(both AC and DC) flowing into the non-inverting input will 
force an equal amount of current to flow into the invert
ing input. The mirror gain (A,) specification is the 
measure of how closely these two currents match. For 
more details see National Application Note.AN-72. 
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DC biasing of the output is accomplished by establishing 
a reference DC current into the (+) input, I,N( +), and re
quiring the output to provide the (-) input current. This 
forces the output DC level to be whatever value 
necessary (within the output voltage swing of the 
amplifier) to provide this DC reference current, Figure 2. 

H, 
IFB -

> ... -ovo 
vo{OC)=VSE(-)+IFS Rt 
'FS= 'IN(+)'A,+ 'b(-) 

v+ -VSE(+) 
I,N(+)= 

'b( -) Is the Inverting input bias current 

FIGURE 2 

The DC input voltage at each input is a transistor VSE 
(;;:0.6 Vocl and must be considered for DC biasing. For 
most applications, the supply voltage, V +, is suitable and 
convenient for establishing I,N( +). The inverting input 
bias current, Iii -), is a direct function of the program· 
mabie input stage current (see current programmability 
section) and to obtain predictable output DC biasing set 
I,N( +)~ 101b( -). 

The following figures illustrate typical biasing schemes 
for AC amplifiers using the LM359: 

HI 

Rt 
Av(AC) = -

Rs 

vo 

[
v+ -VBE(+) 1 

Vo{OC)=VSE(-)+Rt Rb +Ib(-J 

FIGURE 3. B!aslng an Inverting AC Amplifier 

v+ 

H, 

> ... -ovo 

Rt 
AV(AC)=+-

Rs+re 

[
v+ -VSE(+) ] 

vo(OC)=VBE(-)+Rt Rb +lbI-) 

FIGURE 4. Biasing a Non·lnvertlng AC Amplifier 
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v+ 

"No-! I-W""" ..... -I 

Rt 
AV(AC)= --

> .... -ovo 

Rs '::" 

VO(OC)=VBE(-) (1 + ~) + 'b(-)Rt 

FIGURE 5. nVSE Biasing 

The nVSE biasing configuration is most useful for low 
noise applications where a reduced input impedance can 
be accommodated (see typical applications section). 

OPERATING CURRENT PROGRAMMABILITY (ISET) 

The input bias current, slew rate, gain bandwidth product, 
output drive capability and total device power consump
tion of both amplifiers can be simultaneously controlled 
and optimized via the two programming pins ISET(OU1) and 

ISET(IN~ 

ISET(OUT) 

The output set current (ISET(ounl is equal to the amount of 
current sourced from pin 1 and establishes the class A 
biasing current for the Darlington emitter follower output 
stage. Using a single resistor from pin 1 to ground, as 
shown in Figure 6, this current is equal to: 

v+ 

V+ -VSE 
ISET(OUT) =---.::.:;.

RSET(OUT) + 500a 

FIGURE 6. Establishing the Output Set Current 

The output set current can be adjusted to optimize the 
amount of current the output of the amplifier can sink to 
drive load capacitance and for loads connected to V +. 
The maximum output sinking current is approximately 10 
times iSET(OUT)' This set current is best used to reduce the 
total device supply current if the amplifiers are not re-

o quired to drive small load· impedances. 

ISET(IN) 

The input set current ISET(IN) is equal to the current flow
ing into pin B. A reSistor from pin B to V + sets this cur
rent to be: 

v+ 

v+ -VSE 
ISET(IN) 

RSET(IN) + 5000 

FIGURE 7. Establishing the Input Set Current 
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ISET(IN) is most significant In controlling the AC 
characteristics of the LM359 as it directly sets the total 
input stage current of the amplifiers which determines 
the maximum slew rate, the frequency of the open loop 
dominant pole, the input resistance of the (-) Input and 
the biasing current Ib( -). All of these parameters are 
significant in wide band amplifier design. The Input 
stage current is approximately 3 times I SET(IN) and by us
Ing this relationship the following,first order approxima· 
tions for these AC parameters are: 

3ISET(lN)(10 - 6) 
Sr(MAX) = max slew rate:: (V/,..s) 

Ccomp 

f f 3ISET(IN) requency 0 ~ (H ) 

dominant pole 2n Ccomp AVOL (0.026 V) z 

150 (0.026 V) 
input resistance = fJre~ (0) 

3ISET(I'N) 

where Ccomp Is the total capacitance from the compen
sation pin (pin 3 or pin 13) to ground, AVOL Is the low fre· 
quency open loop voltage gain in V/V and an ambient 
temperature of 25 'C is assumed (KT/q = 26 mV and 
fJtyp = 150). ISET(IN) also controls the DC Input bias cur
rent by the expression: 

31sET ISET 
Ib( -) = --~--r for NPN fJ = 150 

fJ 50 

which Is importal1t for DC biasing considerations. 

The total device supply current (for both amplifiers) is 
also a direct function of the set currents and can be ap
proximated by: 

IsuPply~27 x ISET(OUl) + 11 x ISET(IN)' 

with each set current programmed by individual 
resistors. 

PROGRAMMING WITH A SINGLE RESISTOR 

Operating current programming may also be ac
complished using only one resistor by letting' ISET(IN) 
equallsET(OUT)- The programming current Is now referred 
to as ISET and it is created by connecting a resistor from 
pin 1 to pin 8 (Figure 8). 

V+ -2VBE 
ISET= where VB~0.6V 

RSET+1 kO 

v, 

ISET(IN) = ISET(OUl) = ISET 

~ISET 

RSET 

FIGURE 8. Single Resistor Programming 01 ISET 
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This configuration does not affect any of the Internal 
set' current dependent parameters differently than 
previously discussed except the total supply current 
which is now equal to: 

ISUPpl~37 X ISET 

Care must be taken when using resistors to program the 
set current to prevent significantly increasing the sup· 
ply voltage above the value used to determine the set 
current. This would cause an increase in total supply 
current due to the resulting Increase in set current and 
the maximum device power dissipation could be ex- , 
ceeded. The set resistor value(s) should be adjusted for 
the new supply voltage. 

One method to avoid this is to use an adjustable current 
source which has voltage compliance to generate the 
set current as shown in Figure 9. 

v' 

67.7 mV 
ISET=--@25"C 

ASET 

RSET 

FIGURE 9. Current Source Programming of ISET 

This circuit allows ISET to remain constant over the en
tire supply voltage range of the LM359 which also Im
proves power supply ripple rejection as illustrated In the 
Typical Performance Characteristics. Ifshould be noted, 
however, that the current through the LM334 as shown 
will change linearly with temperature but this can be 
compensated for (see LM334 data sheet). 

Pin 1 must never be shorted to ground or pin 8 never 
shorted to V+ without limiting the current to 2 mA or 
less to prevent catastrophic device faiiure. 

CONSIDERATIONS FOR HIGH FREQUENCY 
OPERATION 

The LM359 is intended for use in relatively high frequen
cy applications and many factors external to the 

,amplifier itself must be considered. Minimization of 
stray capacitances and their effect on circuit operation 
are the primary requirements. The following list con
tains some general guidelines to help accomplish this 
end: 
1. Keep the leads of all external components as short 

as possible. 
2. Place components conducting signal current from 

the output of an amplifier away from that amplifier's 
non-inverting input. ' 

3. Use reasonably low value resistances for gain set
ting and biasing. 

4. Use of a ground plane is helpful in providing a 
shielding effect between the inputs and from Input to 
output. Avoid using vector boards. 

5. Use a Single-point ground and single-point supply 
distribution to minimize crosstalk. Always connect 
the two grounds (one from each amplifier) together. 
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6. Avoid use of long wires (> 2" but if necessary, use 
shielded wire. 

7. Bypass the supply close to the device with a low In· 
ducta'nce, low value capacitor (typically a .01 -/JF 
ceramic) to create a good high frequency ground. If 
long supply' leads are unavoidable, a small resistor 
("-'100) in series with the bypass capacitor may be 
needed and using shielded wire for the supply leads 
is also recommended. 

COMPENSATION 

The LM359 is internally compensated for stability with 
closed loop Inverting gains of 10 or more. For an invert· 
ing gain of less than 10 and all non·inverting amplifiers 
(the amplifier always has 100% negative current feed· 
back regardless of the gain In the non·lnverting con· 
figuration) some external irequency compensation Is reo 
quired because the stray capacitance to ground from 
the (-) input and the feedback resistor add additional 
lagging phase within the feedback loop. The value of the 
input capacitance will typically be in the range of 6 pF 
to 10 pF for a reasonably constructed circuit board. 
When using a feedback resistance of 30 kO or less, the 
best method of compensation, without sacrificing slew 
rate,is to add a lead capacitor in parallel with the feed
back resistor with a value on the order of 1 pF to 5 pF as 
shown in Figure 10. 

v, Cf = 1 pF to 5 pF for stability 

FIGURE 10. Best Method of Compensation 

Another method of compensation is to increase the ef· 
fectlve value of the internal compensation capacitor by 
adding capacitance from the COMP pin of an amplifier 
to ground. An external 20 pF capacitor will generally 
compensate for all gain settings but will also reduce the, 
gain bandwidth product and the slew rate. These same 
results can also be obtained by reducing ISET(IN) If the 
full capabilities of the amplifier are not required. This 
method is termed over-compensation. 

Another area of concern from a stability standpoint is 
that of capacitive loading. The amplifier will generally 
drive capacitive loads up to 100 pF without oscillation 
problems. Any larger C loads can be isolated from the 
output as shown In Figure 11. Over-compensation of the 
amplifier can also be used If the corresponding reduc
tion of the GBW product can be afforded. 

3-233 

HI 

> __ >N'-_t_O'OUT 

FIGURE 11. Isolating Large Capacitive Loads 

In most applications using the LM359, the input signal 
will be AC coupled so as not to affect the DC' biasing of 
the amplifier. This gives rise to another subtiety of high 
frequency circuits which Is the effective series Induc
tance (ESL) of the coupling capaCitor which creates an 
Increase in the impedance of the capaCitor at high fre
quencies and can cause an unexpected gain reduction. 
Low ESL capacitors like solid tantalum for large values 
of C and ceramic for smaller values are recommended. 
A parallel combination of the two types Is even better' 
for gain accuracy over a wide frequency range. 

AMPLIFIER DESIGN EXAMPLES 

The ability of the LM359 to provide gain at frequencies 
higher than most monolithic amplifiers can provide 
makes it most useful as a basiC broadband amplifica
tion stage. The design of standard inverting and non
Inverting amplifiers, though different than standard op 
amp design due to the current differencing inputs, also 
entail subtle design differences between the two types 
of amplifiers. These differences will be best Illustrated 
by design examples. For these examples a practical 
video amplifier with a passband of 8 Hz to 10 MHz and a 
gain of 20 dB will be used. It will be assumed that the in
put will come from a 750 source and proper signal ter
mination will be considered. The supply voltage is 12 
Voc and single resistor programming of the operating 
current, ISET' ,will be used for simplicity. 

AN INVERTING VIDEO AMPLIFIER 

1. Basic circuit configuration: 

HI 

12V 

C; 
0.01 pF 

"1 75 'OUT 

HSET 

2. Determine the required ISET from the characteristic 
curves for gain bandwidth product. 

GBWM1N =10X10 MHz=100 MHz 

For a flat response to 10 MHz a closed loop response 
,to two octaves above 10 MHz (40 MHz) will be suffi
cient. 



Application Hints (Continued) 

Actual GBW = 10 x 40 MHz = 400 MHz 

ISET required = 0.5 rnA 

10.8V V+ -2VeE 
RSET=---- 1 kG = ----1 kG = 20.6 kO 

0.5 rnA 

3. Determine maximum value for R, to provide stable 
DC biasing 

·31sET 100llA minimum DC 
If(MIN)"10X--= feedback current 

p 

Optimum output DC level for maximum symmetrical 
swing without clipping is: 

V o(MAX) - V o(MIN) 
VoDC(OPI) + V o(MIN) 

2 

(V+ -3Ve.,}-2 mV 

2 

1.2 -1.8V 10.2V 
VODC(OPI)~---=--=5.1 VDC 

2 2 

Rf(MAX) can now be found: 
VODC(Opt)-Vee(-) 5.1V-0.6 

Rf(MAX) - 45 kO 
I'(MIN) 100 jlA 

This value should not be exceeded .for predictable 
DC biasing. 

4. Select Rs to be large enough so as not to appreciably 
load the Input termination resistance: ' 

Rs .. 7500 Let Rs = 7500 

5. Select ~f for appropriate gain: 

R, 
Av= - - so; Rf =10Rs =7.5 kG 

Rs 

7.5 kG is less than the calculated Rf(MAX) so DC 
predictability is insured. 

6. Since R, = 7.5k, for the output to be biased to 5.1 V DC, 
the reference current 'IN( + ) must be: 

5.W - Vee( -) 5.1V - .6V 
IIN(+)=----

R, 7.5 kG 

Now Rb can be fOl,lnd by: 

V+ - Vee< +) 12 -0.6 
Rb - , =19 kO 

'IN( +) 600 ,..A 

600llA 

7. Select CI to provide the proper gain for the 8 Hz 
minimum input frequency: 

CI;;. =26,..F 
211 Rs (flow) 211 (7500) (8 Hz) 
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A larger value of CI will allow a flat frequency 
response down to 8 Hz and a 0.01 IlF ceramic 
capacitor In parallel with CI will maintain high' fre
quency gain accuracy. 

8. Test for peaking oJ the frequency response and add a 
feedback "lead" capacitor to c.ompensate If 
necessary. 

'IN 

Final Circuit Using Standard 5% 
Tolerance Resistor Values: ' 

0.5pF 

>-.... O·oUT 

Zok 

Circuit Performance: 

3D 

Z5 11111111 JIThJJJ 
CF 

;;; WITHC iiM-{ 
:g 20 z 
;;: 
to .. 
to 

" ~ 
co ,> 

15 

10 

o 
1M 

Vo(DC) = 5.W 

WITH~:' 
• CF"1 pF 

10M 

FREQUENCY (H,) 

100M 

Differential phase error<l· for 3.58 MHz fiN 

Differential gain error<0.5% for 3.58 MHz fiN 

'-3 de low = 2.5 Hz 

A NON-INVERTING VIDEO AMPLIFIER 

For this case several design considerations must be 
dealt with. 
• The output voltage (AC and DC) is strictly a function 

of the size of the feedback resistor and the sum of AC 
and DC "mirror current" flowing .into the (+) Input. 

o The amplifier always has 100% current feedback 
so external compensation is required. Add a small 
(1 pF-5 pF) feedback capacitance to leave the 
amplifier's open' loop response and slew rate 
unaffected . 

• To prevent saturating the mirror stage the total AC 
and DC current. flowing Into the amplifier's (+ ) input 
should be less than 2 rnA. 

o The output's maximum negative swing is one diode 
above ground due to the Vee diode clamp at the (-) 
input. 
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DESIGN EXAMPLE: 

e'N = 50 mV (MAX), fiN = 10 MHz (MAX), desired circuit 
BW = 20 MHz, Av = 20 dB, driving source Impe
dance = 750, V + = 12V. 

1. Basic circuit configuration: 

"No-y1 
175 

12V 

c, 

12V 

O.OlpF 

>'--... O·OUT 

RSET 

2. Select ISET to provide adequate amplifier bandwidth 
so that the closed loop bandwidth will be deter
mined by R, and C,. To do this, the set current should 
program an amplifier open loop gain of at least 20 
dB at the desired closed loop bandwidth of the cir
cuit. For this example, an ISET of 0.5 mA will provide 
26 dB of open loop gain at 20 MHz which will be suf
ficient Using single resistor programming for ISET: 

V+ -2VBE 
RSET- -1 kO = 20.6 kO 

ISET 

3. Since the closed loop bandwidth will be determined 

by R, and CI(,_3 dB=-_l_)to obtain a 20 MHz 
\ ,2" R,C, 

bandwidth, both R, and C, should be kept small. It 
can be assumed that C, can be In the range of 1 pF 
to 5 pF for carefully constructed circuit boards to in
sure stability and allow a flat frequency response. 
This will limit the value of R, to be wlthit:J the range 
of: 

------«R,<-----
2" 5 pF 20 MHz 2" 1 pF 20 MHz 

or 1.6 kO<R,<7.96 kO 

Also, for a closed loop gain of + 10, R, must be 10 
times Rs + ra where ra is the mirror diode reSistance. 

4. So as not to appreciably load the 750 Input termina
tion re'sistance the value of (Rs + rells set to 7500. 

5. For Av = 10; R, is set to 7.5 kO. 
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6. The optimum output DC level for symmetrical AC 
swing Is: 

V o(MAX) - V o(MIN) 
VooC(oPt) = + V o(MIN) 

2 

(12 -1.8)V - 0.6V 
-----+ 0.6V = 5.4Voc 

2 

7. The DC feedback current must be: 

VooC(oPt) - V BE< - ) 5.4V - 0.6V 
IFB= =---

R, 7.5k 

DC biasing predictability will be Insured because 
640 IIA is greater than the minimum of IsEl"5 or 
100 jJA. 

For gain accuracy the total AC and DC mirror cur
rent should be less than 2 mAo For this example the 
maximum AC mirror current will be; 

± e'n peak ± 50 mV 
---=--= ±6611A 

R.+ ra 7500 

therefore the total mirror current range will be 574 
IIA to 70611A which will insure gain accuracy. 

8. Rb can now be found: 

V+ -VBE<+) 12-0.6 
Rb= =17.8 kO 

I,N( + ) 640 IIA 

9. Since Rs+ra will be 7500 and ra is fixed by the DC 
mirror current to be: 

KT 26 mV 
ra= = --a!400 at 25"C 

q I'N(+) 640 IIA 

R. must be 7500-400 or 7100 which can be a 6800 
resistor In series with a 300 resistor which are 
sta"ndard 5% tolerance"reslstor values. 

10. As a final design step, C, must be selected to pass 
the lower passband frequency corner of 8 Hz for 
this exampie. 

C,= -26.5,.,F 
2" (Rs + r el f,ow 2" (7500) (8 Hz) 

A larger value may be used and a 0.01 ,.,F ceramic 
capacitor in parallel with C, will maintain high fre
quency gain accuracy. 
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Final Circuit Using Standard 5% Tolerance Resistor Values: Circuit Performance: 

1 pF 

12V 

100.F 

>=-... -o·OUT 

680 3D 
'IN 

12V 

GENERAL PRECAUTIONS 

The LM359 is designed primarily for single supply 
operation but split supplies may be used if the negative 
supply voltage Is well regulated as the amplifiers have 
no negative supply rejection. . 

The total device power dissipation must always be kept 
in mind when selecting an operating supply voltage, the 
programming current, ISET' and the load resistance, par
ticularly when DC coupling the output to a succeeding 
stage. To prevent damaging the current mirror Input 
diode, the mirror current should always be limited to 10 

Typical Applications 

O'---'-J...J...l..l.J.W-.....J.....L.J...J..LJ.W 
1M 10M 

FREOUENCY (Hz) 

V o(DC) = 5.4V 

100M 

Differential phase error <0.5' 

Differential gain error <2% 

'-3 dB low =2.5 Hz 

rnA, or less, which is important if the input is suscepti
ble to high voltage transients. The voltage at any of the 
inputs' must not be forced more negative than - 0.7V 
without limiting the c,urrent to 10 rnA. 

The supply voltage !!lust never be reversed to the 
device; however, plugging the device into a socket 
backwards would then connect the positive supply 
voltage to the pin that has no internal connection (pin 5) 
which may prevent inadvertent device failure! 

DC Coupled Inputs 

Inverting Non-Inverting 

R, R, 

:>1.;.4 .... -oVOUT 

[
V+ -VBE(+) VIN(DC)-VBE(-)] 

Vo(DC) = - A,+VBE(-) 
Ab As . 

AI 

(VIN(De) - VBE( + ))AI 
Vo(DC)=VBEl-)+ 

AI 
AV(AC)= + --

As+r.,(+) 
AV(AC)= --

As 

• ElimInates the need lor an Input coupling capacitor 

• Input DC level must be .table and can exceed the supply voltage of 
the LM359 provided that maximum input currents are not exceeded. 
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Noise .Reductlon using nVeE Biasing Typical Input Referred Nolee Performance 

7.5k 32 

nY8E 8IASING-
r-----_1~----+-_1~-o12Y 

28 

24 

~ ISETIINI" 2 mA 

\ 

-r-,::, O.DlpF 
RSETIINI ~ 

~ 20 

~ 16 

C 

"No-f t-y,""' ... -'"I 

>;;""-""-0 YO 

RSETIOUTI 

nVBE Biasing with a Negative Supply 

10k 

Cl 27k 

"No-f t-y,""' ... --... 

YOUT 

C2 

T 
-15Y 

o AI and C2 provide additional filtering of the negative 
biasing supply 

I~ 12 

'4 

o 

ISETIINI" 0.5 mA-

ISETIINI" 0.05 mA 

10 100 lk 10k lOOk ·lM 

FREQUENCV (Hzl 

Adding a JFET Input Stage 
y+ 

H 

1+lo---lI----+-....I 

o FET Input voltage mode op amp 

o For AV= + 1; BW=40 MHz, Sr=60 VI~s; Cc =51 pF 

o For AV= + 11; BW=24 MHz. Sr=130 Vips; Cc =5 pF 
o For AV= +100; BW=4.5 MHz, Sr= 150 VI~s; Cc =2 pF 

YOUT 

o Vas Is typlcally<25 mY; 1000 potentiometer allows a Yos adjust 
range of "± 200 mY 

• Inputs must be DC biased for single supply operalion 

Photo Diode Amplifier 

9Yo-~----------------~-",--",--, 

01 

2.3k 

GNOo---~~---"----------------~--~ 

Dl",ACA N·Type Silicon P·I·N Photodlode 
• Frequency response of greater than 10 MHz 

• If slow rise and fall times can be lolerated the gate un the output can be removed. In 
this case the rise and the fall time of the LM359 is 40 ns. 

o TpDL=45ns, TpDH=50ns-T2LoutPut 
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Balanced Line Driver 

V+. 

\ 

H5 

HZ 
CI 

"No-) I-.I\IHI/I"""'. ___ -+I 

v+ 
ForVol=Vg2=-

2 

AV=~(~+I\ 
Rl R4 J 

R3 V+ -2+ 
;=2(V+ -+> 

Vo 

R4 

14 Vol 

R6 V+ -2+ 
-=--- where+=0.6V 
R5 

• 1 MHz-3' dB bandwldlh with gain of 10 and 0 dbm Into 600II 

• 0.3% distortion at full bandwidth; reduced to 0'.05% with bandwidth of 10 kHz 

• Will drive CL = 1500 pF with no additional compensation, :I: 0.01 ~F with Ccomp = 160 pF 

• 70 dB signal to noise ratio at 0 dbm Into 6OOIl, 10 kHz bandwidth 

Difference Amplifier 
HI" 

v+o-.... - .............. 

HI 

-[o-_"'"\IHO\jZ,..,.. .. "t 

; R4 
v o(DCI = -(V + - +> where + = 0.6V 

R3 

R4 
AV=

Rl 
for Rl =R2 

'>:-.-oVo 

*CMRR Is adjusted for max at expected CM Inpul signal 
R5 

R6=-, for R5 = 100 kII 
5 

• Wide bandwidth 

• 70 dB CMRR typ 
• Wide CM Inpul vollage range 
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Voltage Controlled Oscillator 
C 

ZOpF 

V'N-+ 
fo=---

4C06V Rl 

where: R2 = 2Rl 

+ = amplifier Input voltage = O.SV 
AV = DM7414 hystersals, typ tV 

• 5 MHz operation 

• r2LOuput 

'a 



Typical Applications (Continued) 

Phase Locked Loop 

5Vo----4~-----___. IOV 

Vcc 
Q~-----+~ __ 4-e-~~ 

112 DM7474 

iiHIM .......... -f 
CLR 

PS CLR 

112 DM7474 

CLK 

":' 

25kHz 
LOW PASS 

FILTER 

Q 

':" ':" 

20pF 

Squarewave Generator 

140k 

RI 
2k 

5V 

5v'o-~M~""-"""'W"Y---..1 

1=1 MHz 

Output Is TIL compallble 
Frequency Is adjusted by RI & C (RI«R2) 
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IOOpF 

Ik lOOk 
f, GAIN 
ADJUST ADJUST 

IpF 
lOOk + 

• Up to 5 MHz operation 

• T2L compatible Input 

All diodes = I N914 



lYPical· Applications 

Type VOt V02 

I BP. LP 

II HP BP 

III 
Notchl 

BR -

High Performance 2 Amplifier Blquad Fllter(s) 

.C . 
....--..... 111---...., 

RO 

V· 
r-1C~ 

v+O-JV',.,.,. ..... 

o-+-JII'.RI.,,'_t-'l7 H+ 3 VOl (~I/HM359 14 ~ VOl 

4 r 56PF '9 13 ':' ':' til r- + 11 T 10pF 

1 ,~: J i Rb ':' ':' 

• The high speed of Ihe LM359 allows Ihe center frequency Qo product of Ihe IIIler to 
be: foxQo<S MHz 

• The above IIIla«s) maintains performance ovar wide temperalure range 

• One half of LM359 acls as a Irua non·lnvertlng Inlegrator so only 2 ampllflars (Inslead 
of 3 or 4) are needed for Ihe blquad filter structura 

DC BIASING EQUATIONS FOR V01(DCf'V021DCf'V+/2 

2 VIN(DC) 1 1 2 
Type I ---+ - + -= - ; R1=2R 

V+(RI2) R RQ Rb 

1 1 2 
Type II - +-=- ; R1 =2R 

R RQ Rb 

1 1 2 1 VIN(DC) 1 
Type III - +-=- ; -=---+-

R RQ Rb R1 V+(RI1) 2R 

ANALYSIS AND DESIGN EQUATIONS 

CI RI2 Rlt '0 Qo 'z (notch) HO(LP) HO(BP) 

0 RI2 co VonRC RalR - R/RI2 RalRI2 

Ci co co VonRC RalR - - RaCi/RC 

CI co Rit YanRC. F\alR Y2n\/RRjeCI - -
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HO(HP) Ho(BR) 

- -
CI/C -

Hoi =CI/C -
I-co 

Hoi =RlRI 
1-0 



Typical Applications (Continued) Crystal Controlled Sinewave Oscillator 
SpF 

"k 

RI 
220 

Pulse Generator 

SV 

7.Sk 

Qulpul is TTL campalible 

Duly cycle is adjusled by Al 

Frequency is adjusled by C 

3.ZVJLJL 
/-...... "'VD 

OV 

1=1 MHz 

Duty cycle.::; 20% 

11k 

12V 

27k 
12V o-.JVIh ... -+I 

svo-~~""--J\IIIv----I 

Va = 500 mVp·p 

1=9.1 MHz 

THD<2.5% . 

RI 
6.8k 

5Vo-"""IoM_~ 

RZ 
2.2k 

e 
2S0pF 

6.2k 

Triangle Waveform Generator 

8 2 A / >-..... ------0 VI ,r V 
Vee = SV 

~-'4_ ..... .JV2 3.ZV-" r 
DV.J L..J 

1=1 MHz 

R3 

SVo-~~2.~Z.~~ ____ ~~~ ____ ~ V2 aulpul Is TTL campallbl. 

R2 adjusts for symmetry of the triangle waveform 

Frequency is adj~Sled wilh A5 and C 
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~National Operational Ampl ifiers/ Buffers 
~ Semiconductor 
LM1921LM2921LM392, LM2924 Low Power Operational 
AmplifierNoltage Comparator 
General Description 
The LM192 series consists of 2 independent building 
block circuits. One is la high gain, internally frequency 
compensated operational amplifier, and the other is a 
precision voltage comparator. Both the operational 
amplifier and the voltage comparator have been specifi· 
cally designed to operate from a single power supply 
over a wide range of voltages. Both circuits h,ave input 
stages which will common·mode input down to ground 
when operating from a single power supply. Operation 
from split power supplies is also possible and the low 
power supply current is independent of the magnitude 
of the supply voltage. 

Application areas include transducer amplifier with 
pulse shaper, DC gain block with level detector, VCO, 
as well as all conventional operational ampl ifier or 
voltage comparator circuits. Both circuits can be operated 
directly from the standard 5 VDC power supply voltage 
used in digital systems, and the output of the compar· 
ator will interface directly with either TTL or CMOS 
logic. In addition, the low power drain makes the LM192 
extremely useful in the design of portable equipment. 

Advantages 
.. Eliminates need for dual power supplies 

• 'An internally compensated op amp and a precision 
comparator in the same package ' 

.. Allows sensing at or near ground 

.. Power drain suitable for battery operation 

• Pin·out is the same as both the LM 158 dual op amp 
and the LM193 dual comparator 

Connection Diagrams' (Top Views) 

Features 
• Wide power supply voltage range 

Single supply 
Dual supply 

3V t032V 
±1.5V to ±16V 

• Low supply current drain-essentially independent of 
supply voltage 600 p.A 

• Low input biasing current 50 nA 
• Low input offset voltage 2 mV 

• Low input offset'current 5nA 

• Input common·mode voltage range includes ground 
II Differential input voltage range equal to the power 

supply voltage 

ADDITIONAL OP AMP FEATURES 

• Internally frequency compensated for unity gain 

• Large DC voltage gain 100 dB 
• Wide bandwidth (unity gain) 1 MHz 
• Large output voltage swing OV to V+ - 1.5V 

ADDITIONAL COMPARATOR FEATURES 

• Low output saturation voltage 250 mV at 4 mA 

• Output voltage compatible with all types of logic 
systems 

(Amplifier A = Comparator) 
- (Amplifier B = Operational Amplifier) 

Metal Can Package 

v· . 

6 INVERTING 
INPUT B 

GNO 

Order Number LM192H, LM292H or LM392H 
See NS Package HOBC 

Dual·ln·Line Package 

OUTPUT A .----t--V· 

INVERTING INPUT A 
(COMPARATOR) 

/r_+-_OUTPUT 8 
(OPAMP) 

'--t-- INVERTING INPUT 8 

GNO-i---..J 

Order Number LM192J, LM292J, LM392J or LM2924J 
S •• NS Package JOBA 
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Order Number LM392N or LM2924N 
See NS Package NOBB 



Absolute Maximum Ratings 
LM192/LM292/LM392 LM2924 

Supply Voltage, V+ 32V or ±16V 26V or ±13V 
DIfferential Input Voltage 32V ,26V 
Input Voltage -0.3V to +32V -o.3V to +26V 
Power DisSIpatIon (Note 1) 

Molded DIP I LM392N, LM2924N) 570mW 570mW 
Metal Can ILM192H/LM292H/LM392H) 830mW 

Output Short-Circuit to Ground (Note 2) Continuous ContInuous 

Input Current IVIN < -0.3 VDC) INote 3) 50mA 50 mA 
Operatmg Temperature Range 

LM392 O°C to +70°C -40"C to +85"C 
LM292 -25"C to +85"C 
LM192 '-55"C to +125"C 

Storage Temperature Range -6S6 C to +150°C -6SoC to +150°C 
Lead Temperature (Soldering. 10 seconds) 300"C 300"C 

Electrical Characteristics (v+ ~ 5 VDC; specifications apply to both amplifiers unless otherwise stated) (Note 4) 

PARAMETER CONDITIONS 
LM192 LM292/LM392 LM2924 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage T A = 25"C, INote 5) ±2 ±5 ±2 ±5 ±2 ±7 mV 

Input BIas Current INI+) or INI-J. TA = 25"C, 50 150, 50 250 SO 2S0 nA 

INote 6) 

I nput Offset Current INI+) - INI-J, TA = 25"C ±3 ±2S ±5 ±50 ±5 :t50 nA 

Input Common-Mode Voltage V+ = 30 VDC, TA = 25"C, 0 V+-1.5 0 V+-l.5 0 V+-l.5 V 

Range INote 7) 

Supply Current RL =~, VCC = 30V, 1 2 1 2 1 2 mA 

ILM2924, VCC = 26V) 

Supply Current RL =~, VCC = 5V 0.5 1 0.5 1 05 1 mA 

Amplifier-ta-Amplifier Coupling f = 1 kHz to 20 kHz, -100 -100 -100 dB 

TA = 25°C, Input Referred, 

INote B) 

Input Offset Voltage INote S) ±7 ±7 ±10 mV 

Input Bias Current INI+) or INI-) 300 400 500 nA 

Input Offset Current INI+I- INI-J 100 lS0 200 nA 

Input Common-Mode Voltage V+ = 30 VDC, INote 7) 0 V+-2 0 V+-2 0 V+-2 V 

Range 

Differential Input Voltage Keep All VIN'S Z 0 VDC 32 32 26 V 

lor V-, If Used), INote 9) 

OPAMPONLY 

Large Signal Voltage, Gain V+= 15VDC IFor Large 50 100 25 100 100 V/mV 

Va Swing), RL = 2 kn, 
TA=25"C 

Output Voltage Swing RL = 2kn; TA = 25"C, 0 V+-1.S 0 V+-l,5 0 V+-1.5 V 

I LM2924, R L Z 10 knJ 

Common-Mode Rejection Ratio DC, T A = 2S",C 70 B5 65 70 SO 70 dB 

Power Supply Rejection Ratio OC, TA = 25"C 65 100 65 100 50 100 dB 

Output Current Source VINI+) = 1 VDC, 20 40 20 40 20 40 mA 

VINI-J = 0 VDC, 

V+ = 15 VDC, 

TA = 2S"C 

Output Current Sink VINI-) = 1 VDC, 10 20 10 20 10 20 mA 

V'NI+) = 0 VDC, 
V+= 15 VDC, 

VoZ 1 VDC, 

TA = 25"C 

VINI-) = 1 VDC, 12 SO 12 50 12 50 p.A 

VINI+) = 0 VDC, 

V+ = 15 VDC, Va = 200 mV, 

TA = 2S"C 
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Electrical Characteristics (Continued) 

PARAMETER CONOITIONS 
LM192 LM292/LM392 LM2924 

UNITS 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Input Offset Voltage Drift RS' on 7 7 7 /lvtc 

Input Offset Current Drift RS' OQ 10 10 10, pAoctc 

COMPARATOR ONLV 

Voltage Gain RL~ 15kQ. V+·15VOC. 50 200 50 200 25 100 '. VI/lV 

TA' 25'C 

Large Signal Response Time VIN' TTL Logic Swing. 300 300 300 ns 

V~EF' 1.4 VOC 
VRL' SVOC. RL' 5,1 kQ. 

TA'25'C 

Response Time VRL' 5 VOC. RL = 5,1 kQ. 1.3 1.3 1.5 /lS 

T A' 2S'C. (Note 10) 

Output Sink Current VIN(-) ~ 1 VOC. 6 16 6 16 6 16 mA 

VIN(+) = 0 VOC. 

Vo ~ 1,5 VOC. TA = 25"C 

Saturation Voltage VINH::> 1 VOC. 2S0 400 250 400 400 mV 

VIN(+) = O. 

ISINK~4mA. 
TA=2S'C 

VINH::> 1 VOC, 700 700 700 mV 

VIN(+) = O. 

ISINK ~4 mA 

Output Leakage Current VINH=O. 0,1 0,1 0,1 nA 

V'N(+) ::> 1 VOC. 
Vo= 5VOC. 
TA=25'C 

VINH =0. 1,0 1,0 1,0 /lA 

V'N(+' ~ 1 VOC. 
Vo=30VOC 

Note 1: For operating at temperatures above 25°C, the Lfv1392N and the LM2924N must be derated based on a 12SoC maximum junction tem
perature and a thermal resistance of 17So C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The 
LM192H/LM292H/LM392H must be derated based on a IS0'C maximum junction temperature and a thermal resistance of 1 sO" C/W. The dissi
pation is the total of both amplifiers-use external resistors. where possible, to allow the amplifier to saturate or to reduce the power which is 
dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum outPut current is approximately 
40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V+, At values of supply voltage in excess of ISV. contin
uous short circuits can exceed the power dissipation ratings and cause eventual destruction. 

Note 3: This in'put current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of 
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the Ie chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ voltage level (or 
to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will 
re-establish when the input voltage, which was negative, again returns to a value greater than -O.3V (at 2~C). 

Note 4: These specifications apply for V+ = SV and -SS'C ~ TA ~ +125"C. unless otherwise stated, For the LM292. all-temperature specifica
tions are limited to -2S'C ~ TA ~ +8S'C, the LM392 temperature specifications are limited to O"c ~ TA ~ +70"C and the LM2924 temperature 
specifications are limited to -4O"C ~ T A ~ +8S' C, 

Note 5: At output switch point, VO'" l.4V. RS = on with V+ from SV to 30V; and over the full input common-mode range (OV to V+ - l.SVI. 

Note 6: The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially constant, independent of the 
state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of 
the common-mode voltage range is V+ -1.SV. blJt either or both inputs can go to 32V without damage 126V for LM29241. 

Note 8: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. 
This typically can be detected as this type of capacitive increases at higher frequencies. 

Note 9: Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common
mode range, the comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The 
input voltage state must not be less than -0.3V (or O.3V below the magnitude of the negative power supply, if used) on either amplifier. -. 

Nota 10: The response time specified is for a 100 mV input step,with 5 mV overdrive. For larger overdrive signals'300 ns can be obt,ained. 
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Schematic Diagram 

"INPUT 

Comparator A Amplifier B 

Application Hints 

Please refer to the application hints section of the LM 193 and the LM 158 data sheets. 
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~ National Operational Amplifiers/Buffers 
~ Semiconductor 
LM2161LM316, LM216A1LM316A Operational Amplifiers 
General Description 
These devices are precision, high input impedance 
operational amplifiers designed for 'applications 
requiring extremely low input-current errors_ They 
use supergain transistors in a Darlington input 
stage to get input bias currents that are equal to 
high-quality FET amplifiers-even in limited tem
perature range operation_ The low input current is, 
however, obtained with some sacrifice to offset 
voltage, offset voltage drift and noise when com
pared to the non-Darlington LMl12 series. Note
worthy specifications include: 

• Guaranteed bias currents as low as 50 pA 

• Maximum offset currents down to 15 pA 

• ' Operates from supplies of ±3V to ±20V 

• Supply current only 300 IlA at ±20V 

These operational amplifiers are internally fre
quency compensated and have provisions for offset 
balancing with a single external potentiometer. 

Schematic Diagram * * 

**Pin connections shown are for metal can .. 

Connection Diagrams 

Further, unlike most other internally compensated 
amplifiers, the MOS compensation capacitor is 
protected to preven~ catastrophic failure from 
overvoltage spikes on the supplies. 

The low current error of these amplifiers make 
possible many designs that were previously im
practical with monolithic amplifiers. They will 
operate from 100 MQ source resistances, intro
ducing less error than general purpose amplifiers 
with 10 kQ sources. Integrators with worst case 
drifts less'than 10llV!sec and analog time delays in 
excess of one day can also be made using capa
citors no larger than 11lF_ 

The LM216A and LM316A are high performance 
versions of the LM216 and LM316. The LM216 
and LM216A are specified for operation from 
_25°C to 85°C, while the LM316 and LM316A 
are specified from DoC to 55°C. 

" .. 

',. 

Auxiliary Circuits * * 
Overcompensation for Greater 

Stability Margin 

C1 I 1DOo ., 

Offset Balancing 

AI 
lOOK 

y-

Metal Can Package 

Order Number lM216H or 
LM216AH or LM316H or 

LM316AH 
See NS Package HOSe 
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Absolute Maximum Ratings 

Supply Voltage ±20V 
Power Dissipation (Note 1) 500mW 
Differential I nput Current (Note 2) ±10mA 
Input Voltage (Note 3) ±15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range LM216/LM216A -25°C to S5°C 

LM316/LM316A O°C to 70°C 
Storage Temperature Range _65°C to 150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 4) , 

PARAMETER CONDITIONS LM216A LM216 LM316A LM316 UNITS 

Input Offset Voltage T A = 25°C, Max 3 10 3 10 mV 

Input Offset Current T A = 25°C, Max 15 50 15 50 pA 

Input,Bias Current T A = 25°C, Max' 50 150 50 150 pA 

Input Resistance T A = 25°C, Min 5 1 5 1 Gn 

Supply Current T A = 25°C, Max 0.6 O.S 0.6 O.S mA 

Large Signal Voltage Gain TA = 25°C, Vs = ±15V, 
VOUT = ±10V, RL ~ 10 kn, 
Min 40 20 40 20 V/mV 

Input Offset Voltage Max 6 15 6 15 mV 

Input Offset Current Max 30 100 30 100 pA 

Input Bias Current Max 100 250 100 250 pA 

Supply Current T A = T MAX, Max 0.5 0.5 rnA 

Large Signal Voltage Gain Vs = ±15V, VOUT = ±lOV, 
RL> 10 kn, Min 20 10 30 15 VIm V 

Output Voltage Swing Vs = ±15V, RL = 10 kn, 
-,-

Min ±13 ±13 ±13 ±13 V 

Input Voltage Range Vs = ±l5V, Min ±13 ±13 ±13 ±l3 V 

Common-Mode Rejection Ratio Min 80 SO SO SO dB 

Supply Voltage Rejection Ratio Min 80 SO 80 SO dB 

Note 1: The maximum junction temperature of the LM216 and LM216A is 100°C, while that of the 
LM316 and LM316A is 70°C. For operating at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 150oC/W. junction to ambient, or 4SoC/W, junction . 
to case. 
Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of 1 V is applied between the inputs 
unless some limiting'resistance is used. 
Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 
Note 4: These specifications apply for ±5V < Vs <±:!OV and -2SoC <TA <85°C, unless otherwise 
specified. With the LM316 and LM316A hOWever,all temperature speCIficatiOns are limited to OPC< 
TA:S 5SoC. -
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Typical Performance Characteristics 
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~Nalional 
~ Semiconductor 

Operational Amplifiers/Buffers 

LM709/LM709A1LM709C Operational Amplifier 
General Description 
The LM709 series are a monolithic operational 
amplifier intended for general'purpose applications. 
Operation is completely specified over the range of 
voltages commonly used for these devices. The 
design, in addition to providing high gain, 'mini· 
mizes both offset voltage and bias currents. Further, 
the class·B output stage gives a large output 
capability with minimum power drain. 

External components are used to frequency com· 
pensate the amplifier. Although the unity·gain 
compensation network specified will make the 
amplifier unconditionally stable in all feedback 

Schematic Diagram * * 

." 
" 

*·Pin connections shown are for metal can package. 

Connection Diagrams 

configurations, compensation can be tailored to 
optimize high·frequency performance for any gain 
setting. 
The fact that the amplifier is built on a single 
silicon chip provides low offset and temperature 
drift at minimum cost. It also ensures negligible 
drif\t due to temperature gradients in the vicinity 
of the amplifier. . 

The LM709C is commercial·industrial version of 
the LM709. It is identical to the LM709/LM709A 
except that it is specified for operation from O°C 
to +70°C. 

Typical Applications * * 
Unity Gain Inverting Amplifier 

R4 
20. 

r---::-:'I~-""'--DUTPUT 

Rl 
20. 

lNPUT.~W, .... "''''I 

-To be used with any 
capacltlveloiidmgon output 

R5 
10. 

R2' 
51 

FET Operational Amplifier 

R2' 
51 

">"::"~",",~'Ir--DUTPUT 

• Til be used with any CipICIIIYt 
loadmgon oUlput 

Metal Can Package Dual·1 n·Line Package Dual-In-Line Package 

III.ur 
flUQUENCY 

COMPEIlSATlIIII ""....., .... ,,,-.. ...... 
\A, 

Order Number LM709H or LM709CH 
See NS Package HOSC 

IN'UTFREDUUICT 
" tll_ElllAtlO"", 

II v' 

.10UTP\l1 

ounu"",o.u'IIt;Y' 
C:OMptNSATIGt 

Order Number LM709CN 
See NS Package N14A 
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Order Number LM709CN-8 
See NS Package NOSA 



Absolute Maximum Ratings 
. LM709/LM709A LM709C 

Supply Voltage ±18V ±18V 
Power Dissipation (Note 1) 300·mW 250 mW 

Differential Input Voltage ±5V ±5V 
Input Voltage ±10V ±10V· 
Output Short-Circuit Duration (T A = 25°C) 5 seconds 5 seconds 

TMIN TMAX TMIN TMAX 
Storage Temperature Range -65°C to +150°C -65°C to +150°C 

Operating Temperature Range -55°C to +125°C O°C to +70°C 

Lead Temperature (Soldering, 10 seconds) 300°C 300°C 

Electrical Characteristics (Note 2) 

LM709A LM709 LM709C 
PARAMETER CONOITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 2SoC, RS ~ 10 kn 0.6 2.0 1.0 5.0 2.0 7.S mV 

Input Bias Current TA = 2SoC 100 200 200 SOO 300 lS00 nA 

Input Offset Current TA = 2SoC 10 SO SO 200 100 SOO nA 

Input Resistance TA = 2SoC 3S0 700 ISO 400 SO 2S0 kn 

Output Resistance TA = 2SoC ISO ISO ISO n 

Supply Current TA = 2SoC, Vs = ±lSV 2.S 3.6 2.6 S.6 2.6 6.6 mA 

Transient Response VIN = 20 mV, CL ~ 100 pF 
Risetime TA = 2SoC 1.5 0.3 1.0 0.3 1.0 Ils 
Overshoot 30 10 30 10 30 % 

Slew Rate TA = 25°C 0.25 0.25 0.25 V/lls 

Input Offset Voltage RS~10kn I 3.0 6.0 10 mV 

Average Temperature Coefficient 
RS = son 

TA = 2Soc to TMAX 1.8 10 3.0 6.0 Ilvfc 
of I "put Offset Voltage TA = 2S0Cto TMIN 1.8 10 6.0 12 Ilvfc 

RS= 10kn 
TA = 25°C to TMAX 2.0 15 

TA = 25°C to T·MIN 4.8 25 

Large Signal Voltage Gain VS=±lSV,RL2:2kn 25 70 25 45 70 15 45 V/mV 

VOUT = ±10V 

Output Voltage Swing Vs = ±lSV, RL = 10 kn ±12 ±14 ±12 ±14 ±12 ±14 V 
Vs = ±15V, RL = 2 kn ±10 ±13 ±10 ±13 ±10 ±13 V 

Input Voltage Range Vs = ±15V ±8.0 ±8.0 ±10.0· ±8.0 ±10 V 

Common-Mode Rejection Ratio RS~10kn 80 110 70 90 6S 90 dB 

Supply Voltage Rejection Ratio RS~10kn 40 100 25 150 25 200 IlV/V 

Input Offset Current TA = TMAX 3.5 50 20 200 75 400 nA 

TA=TMIN 40 250 100 500 125 750 nA 

Input Bias Current TA=TMIN 0.3 0.6 0.5 1.5 0.36 2.0 IlA 

Input Resistance TA=TMIN 85 170 40 100 50 250 kn 

Note 1: For operating at elevated temperatures, the device must be derated based on a 1500 C maximum junction temperature for LM709/LM709A 
and ·100°C·maximum for LM709C and a thermal re!istence of 150°C/W jun~tion to ambient or 45°CIW, junction to case for the metal can packag •. 
Not. 2: These specifications apply for -55°C S TA·~ +125°C for LM709/LM709A and OoC ~ TA ~ +70°C for LM709C with the following 
conditions: ±9V ~ Vs $ ±15V, Cl = 5000 pF, Rl = 1.5k, C2 = 200 pF and R2 = 51.11. , 

3-250 



Typical Applications (Continued) 
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Typical Performance Characteristics 
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~ National Operational Amplifiers/Buffers 
~ Semiconductor 

LM725/LM725A1LM725C (Instrumentation) Operational 
Amplifier . 

General Description 
The LM725/LM725A/LM725C are operational am
plifiers featuring superior performance in applica
tions where low noise, low drift, and accurate 
closed-loop gain are required. With high comrnon 
mode rejection and offset null capability, it is 
especially suited for low level instrumentation 
applications over a wide supply voltage range. 

The LM725A has tightened electrical performance 
with higher input accuracy and like the LM725, is 
guaranteed over a _55°C to +125°C temperature 
range. The LM725C has slightly relaxed specifica
tions and has its performance guaranteed over a 
O°C to 70°C temperature range. 

Features 
• High open loop gain 

• Low input voltage drift 

• High common mode rejection 

• Low input noise current 

• Low input offset current 

3,000,000 

0.6/J.VtC 

120dB 

0.15 pA/v'Hz 

2 nA 

• High input voltage range ±14V 

• Wide power supply range ±3V to ±22V 

• Offset null capability 

• Output short circuit protection 

Schematic and Connection Diagrams Metal Can Package 

Auxiliary Circuits 
Voltage Offset Null Circuit 

Compensation Component Values 

Rl Cl R2 C2 
AVCL II!I I"FI IHI ",FI 

10.000 10K 50 pF -
1,000 470 001 - -

100 47 01 - -
10 27 as 270 0015 

1 10 as 39 02 

Frequency Compensation Circuit 

;oUse R3.z 51Uwhenthe 
Imphfier is oper8t1d with 
capUlllveload. 
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Order Number LM725H or 
LM725AH or LM725CH 

See NS Package HOSC 

Dual-In-Line Package 

Ilf~~~~'o·~~~~n 
.NV(~~~~2 1 V' 

NDNINVERTINO J &IlUTPUT 
INPUT .f , 

V' 4 5 COMP 

Order Number LM725CN 
See NS Package NOS8 



Absolute, Maximum Ratings , 

Supply Voltage ±22V Operating Temperature Range TA(MIN) TA(MAX) 
Internal Power Dissipation (Note 11 500mV LM725 -55°C to +125°C 
Differential I nput Voltage ±5V LM725A -55°C to +125°e 
Input Voltage (Note 2) ±22V LM725C OoC to +70oe 
Storage Tel1)peratUre Range _65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

'Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 
LM725A LM725 LM725C 

UNITS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (Without TA = 25°e, RS $ 10 kU 0.5 0.5 1.0 0.5 2.5 mV 
External Trim) 

Input Offset Current TA = 25°e 2.0 5.0 2.0 20 2.0 35 nA 

Input Bias Current TA = 25°e 42 80 42 100 42 125 nA 

Input Noise Voltage TA=25°e 

10 = 10 Hz 15 15 15 nV/"fHz 
10= 100Hz .9.0 9.0 9.0 nV/"fHz 

10 = 1 kHz 8.0 B.O B.O nV/yHz 

Input Noise ~urrent TA=25°e 

10 = 10 Hz 1.0 1.0 1.0 pA/yHz 
10 • 100Hz 0.3 0.3 0.3 pA/yHz 
fa:: 1 kHz 0.15 0.15 0.15 pA/yHz 

Input Resistance TA - 25°e 1.5 1.5 1.5 MU 

Input Voltage Range' TA = 25°e ±13.5 ±14 ±13.5 ±14 ±13.5 ±14 V 

Large Signal Voltage Gain TA = 25°e,RL<: 2 kU, 1000 3000 1000 3000 250 3000 V/mV 

VOUT= ±10V 

Common·Mode Rejection Ratio TA = 25°e, RS$10 kU 120 110 120 94 120 dB 

Power Supply Rejection Ratio TA = 25°e, RS$10 kU 2.0 5.0 2.0 10 2.0 35 pV/v 

Output Voltage Swing TA-25°e, 

RL<: 10 kU ±12.5 ±13.5 ±12 ±13.S ±12 ±13.5 V 

RL:?2k!l ±12.0 ±13.5 ±lO ±13.5 ±lO ±13.5 V 

Power Consumption TA=25°e BO 105 BO 105 BO 150 mW 

Input Offset Voltage (Without RS$10 kU 0.7 1.5 3.5 mV 

External Trim) 

Average Input Offset Voltage Drift RS·50U 2.0 2.0 5.0 2.0 pvte 

(Without External Trim I 

Average Input Offset Voltage Drift RS = 50U 0.6 1.0 0.6 0.6 pvte 
(With External Trim) 

Input Offset Current TA=TMAX 1.2 4.0 1.2 20 1.2 35 nA 

TA'=TMIN 7.5 lB.O 7.5 . 40 4.0 .50 nA 

Average Input Offset Current Drift 35 90 35 150 10 pAte 

Input Bias Current TA=TMAX 20 70 20 100 125 nA 

TA =TMIN BO lBO SO 200 250 nA 

Large Signal Voltage Gain RL<:2kU 

TA=TMAX 1,000,000 1,000,000 125,000 V!V 

RL<:2k!l 

TA=TMIN 500,000 250,000 125,000 V/v 

Common-Mode Rejection Ratio RS$10kU 110 100 115 dB 

Power Supply Rejection Ratio RS$10 kU B.O 20 20 pVIV 

Output Voltage Swing RL<:2kU ±12 ±10 ±10 V 

Note 1: Derate at 150° CIW Iqr operation at ambient temperatures above 75"C. 

Nota 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the supply Voltage. 

Nota 3: These specifications apply for Vs = ±15V unless otherwise specified. 
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'TYpical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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~National 
~ Semiconductor 

Operational Ampl ifiersl Buffers 

LM741/LM741A1LM741C/LM741E Operational Amplifier 
General Description 
The LM741 series are general purpose operational 
amplifiers which feature improved performance 
over industry standards like the LM709. They are 
direct, plug-in replacements for the 709C, LM201, 
MC1439 and 748 in most applications. 

The amplifiers offer many features which make 
their application nearly foolproof: overload pro-

tection on the input and output, no latch-up when 
the common mode range is exceeded, as well as 
freedom from oscillations. 

The LM741C/LM741 E are identical to the 
LM741/LM741A except that the LM741C/ 
LM741 E have their performance guaranteed over 
a O°C to +70°C temperature range, instead of 
-55°C to +125°C. 

Schematic and Connection Diagrams (Top Views) 
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See NS Package HOSC 
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See NS Package JOBA 
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Dual-In-Line Package 
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Order Number LM741J-14, LM741AJ·14 
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See NS Package J14A 
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Absolute Maximum Ratings 
LM741A 

Supply Voltage ±22V 
Power Dissipation (Note 1) 500mW 
Differential Input Voltage ±30V 
Input Voltage (Note 2) ±15V 
Output Short Circuit Duration Indefinite 
Operating Temperature Range -55°C to +125°C 
Storage Temperature Range -55°C to +150oC 
Lead Temperature 300°C 

(Soldering, 10 seconds) 

~ Electrical Characteristics (Note 3) 

PARAMETER C.ONDITIONS 

Input Offset Voltage TA = 25°C 

Rs:<:; 10 kn 

Rs:<:;5On 

TAMIN:<:;TA:<:;TAMAX 
Rs:<:;50n 

RS:<:; 10 kn 

Average Input Offset. 

Voltage Drift 

Input Offset Voltage T A = 26°C. Vs • ±20V 

Adjustment Range 

I nput Offset Current TA = 25°C 

TAMIN:<:;TA~TAMAX 

Average Input Offset 

Current Drift 

Input Bias Current TA = 25°C 

TAMIN:<:;TA:<:;TAMAX 

Input Resistance T A = 25°C. liS = ±20V 

TAMIN$TA:<:;TAMAX. 
VS= ±20V 

nput Voltage Range TA = 25°C 

TAMIN$TA$TAMAX 

large Signal Voltage Gain TA = 25°C. RL:::>: 2 kn 

Vs = ±20V. Vo = ±15V 

Vs = ±15V. Vo = ±10V 

TAMIN :<:;TA :<:;TAMAX. 
RL:::>: 2 kn. 

VS=±20V.VO=±15V 

Vs = ±15V. Vo = ±10V 

Vs = ±5V. Vo = ±2V 

Output Voltage Swing Vs =±20V 

RL:::>: lOkn 

RL~2 kn 
Vs ~±15V 

RL:::>:10kU 

RL:::>:2 kU 

Output Short Circuit TA=25°C 

Current TAMIN<:TA:<:;TAMAX 

Common-Mode TAMIN :<:;TA :<:;TAMAX 
Rejection Ratio RS:<:; 10 kU. VCM = !12V 

RS:<:; 50 kn; VCM =.±12V 

LM741E 

±22V 
500mW 
±30V 
±15V 

Indefinite 
O°Cto+70°C 

-55°C to +150°C 
300°C 

LM741A1LM741E 

MIN TVP MAX 

0.8 3.0 

4.0 

15 

±10 

3.0 30 

70 

0.5 

30 80 
0.210 

1.0 6.0 

0.5 

50 

32 

10 

±16 

±15 

10 25 35 

10 ~O 

80 95 
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LM741 LM741C 

±22V ±18V 
500mW 500mW 

±30V ±30V 
±15V ±15V 

Indefinite Indefinite 
-55°C to +1 25°C O°Cto +70°C 
-55°Cto+150°C -55°C to +150°C 

300°C 300°C 

LM741 LM741C 
UNITS 

MIN TVP MAX MIN TVP MAX 

1.0 5.0 2.0 6.0 mV 

) 
mV 

mV 

6.0 7.5 mV 

"vtc 

±15 ±15 mV 

20 200 20 200 nA 

85 500 300 nA 

nAI'C 

80 500 80 500 nA 

1.5 0.8 "A 

0.3 2.0 0.3 2.0 Mn 

Mn 

±12 ±13 V 
±12 ±13 V 

VlmV 

50 200 20 200 V/mV 

V/mV 

25 15 V/mV 

V/mV 

V 

V 

±12 ±14 ±12 ±14 V 
±10 ±13 ±10 ±13 . V 

25 25 rnA 

mA 

70 90 70 90 dB 

dB 



Electrical Characteristics (Continued) 

LM741AILM741E LM741 LM741C 
UNITS PARAMETER CONDITIONS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Supply Voltage Rejection TAMIN~TA~TAMAX. 
Ratio VS" ±20V to Vs = ±5V 

RS~50n 86 96 dB 

RS~10kn 77 96 77 96 dB 

Transient Response TA = 25C1 C, Unity Gain 

Rise Time 0.25 0.8 0.3 0.3 !1' 
Overshoot 6.0 20 5 5 % 

Bandwidth I Note 4) TA = 25"C 0.437 1.5 MHz 

Slew Rate TA = 25"C. Unity Gain 0.3 0.7 0.5 0.5 V/!1' 

Supply Current TA = 25"C 1.7 2.8 1.1 2.B mA 

Power Consumption TA = 25"C 

VS= ±20V 80 150 mW 

Vs = ±15V 50 85 50 85 mW 

LM741A Vs = ±20V 

TA = TAMIN 165 mW 

TA = TAMAX 135 mW 

LM741E Vs = ±20V 150 mW 

TA=TAMIN 150 mW 

TA = TAMAX 150 mW 

LM741 Vs = ±15V 

TA = TAMIN 60 100 mW 

TA=TAMAX 45 75 . mW 

Note 1: The maximum junction temperature of the LM741/LM741A is lS0"C. while that of the LM741C/LM741E is 100"C. For operation at 
elevated temperatures, devices in the TO·S package must be derated based on a thermal resistanCe of lSO"C/W junction to ambient, or 45"C/W 
junction to case. The thermal resistance of the dual~in~line package is 1 OO°C/W junction to ambient. 
Note 2: For supply voltages less than ±lSV, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Unless otherwise specified, these specifications apply for Vs = ±lSV, -5S"C S TA S +125"C (LM74l/LM741A). For the LM741C/ 
LM741 E, these specifications are limited to O"C S TA S +70"C. 
Note 4: Calculated value from: BW (MHz) = O.3S/Rise Time(!1s). 

3·259 



~ National Operational Amplifiers/Buffers 
~ Semiconductor 

LM747/LM747A1LM747C/LM747E Dual Operational 
Amplifiers 

General Description 

The LM747 series are general purpose dual 
operational amplifiers. The two ampl ifiers share 
a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. 

Features 
• No frequency compensation required 

• Short-circuit protection 

• Wide common-mode and differential voltage 
ranges 

Schematic Diagram (each amplifier) 

R' ,. R' 
50' 

R' ,. R. 
5. 

• Low-power consumption 

• No latch-up 

• Balanced offset null 

Additional features of the Llvi747 and LM747C 
are: no latch-up when input common mode range 
is exceeded, freedom from oscillations, and pack
age flexibility. 

The LM747C/LM747E is identical to the LM747/ 
LM747 A except that the LM747C/LM747E has its 
specifications guaranteed over the temperature 
range from O°C to +70°C instead of -55°C to 
+125°C. 

.U 
50. 

Rl1 

" 
L-----~----~------__ ------__ -----4~--~------~----------~--v-

Note: Numbers in parentheses are pin numbers for amplifier B. DIP only. 
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Absolute Maximum Ratings 
Supply Voltage lM747/lM747A 

lM747C/lM747E 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 

Output Short·Circuit Duration 
Operating Temperature Range 

lM747/lM747A 
lM747C/lM747E 

Storage Temperature Range 
lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 

Input Offset Voltage TA = 25"C 

RS <;; 10 kl1 

RS <;; 5011 

TAMIN <;;TA <;;TAMAX 

RS <;; 5011 

RS <;;.10 kl1 

Average Input Offset 

Voltage Drift 

Input Offset Voltage TA = 25°C. Vs = ±20V 

Adjustment Range 

Input Offset Current TA = 25°C 

TAMIN :::;rA <;;TAMAX 

Average Input Offset 

Current Drift 

Input Bias Current TA = 25°C 

TAMIN <;;TA ::;TAMAX 

Input Resistance TA = 25°C. Vs = ±20V 

TAMIN <;; TA ::;TAMAX. 

Vs = ±20V 

Input Voltage Range TA = 25°C 

TAMIN ::;TA ::;TAMAX 

Large Signal Voltage Gain TA = 25°C. RL ~ 2 kl1 

Vs = ±20V. Va = ±15V 

Vs = ±15V. Va = ±10V 

TAMIN ~TA ::;TAMAX. 
RL?2kl1. 

Vs = ±20V. Va = ±15V 

Vs = ±15V. Va = ±10V 

Vs = ±5V. Va = ±2V 

Output Voltage Swing Vs = ±20V 

RL?10kl1 

RL?2kl1 

Vs = ±15V 

RL?10kl1 

RL?2kl1 

Output Short CIrcuit TA = 25°C 

Current TAMIN <:TA ::;TAMAX 

Common-Mode TAMIN::;TA<;;TAMAX 
Rejection Ratio RS<;;10kH.VCM=±12V 

RS <;; 50 kl1. VCM = ±12V 

±22V 
±18V 

800mW 
±30V 
±15V 

Indefinite 

-55°C to +125°C 
O°C to +70~C 

-i35°C to +150°C 
300°C 

LM747A!LM747E 

MIN TVP MAX 

0.8 3.0 

4.0 

15 

±10 
, 

3.0 30 

70 

0.5 

30 80 

0.210 

1.0 6.0 

0.5 

±12 113 

50 

32 

10 

±16 

±15 

10 25 35 

lq 40 

80 95 
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LM747 LM747C 
UNITS 

MIN TVP MAX MIN TVP MAX 

1.0 5.0 2.0 6.0 mV 

mV 

mV 

6.0 7.5 mV 

JJ.vtc 

±15 ±15 mV 

20 200 20 200 nA 

85 5pO 300 nA 

nAtC 

80 500 80 500 nA 

1.5 0.8 JJ.A 

0.3 2.0 0.3 2.0 MI1 

MI1 

±12 ±13 V 

±12 ±13 V 

V/mV 

50 200 20 200 -HmV 

V/mV 

25 15 V/mV 

V/mV 

V 

V 

±12 ±14 ±12 ±14 V 

±10 ±13 ±10 ±13 V 

25 25 mA 

mA 

70 90 70 90 dB 

dB 



Electrical Characteristics (Continued) 

LM747A/LM747E LM747 LM747C 
UNITS PARAMETER CONDITioNS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Supply Voltage Rejection TAMIN $TA $TAMAX. 
Ratio Vs = ±20V to Vs = '±5V 

RS$50Sl 86 96 dB 

RS$10 kSl 77 96 77 96 dB 

Transient Response T A = 25·C. Unity Gain 
Rise,Time 0.25 0.8 0.3 0.3 ~s 

Overshoot 6.0 20 5 5 % 

Bandwidth (Note 4) TA'= 25°C 0.437 1.5 MHz 

Slew Rate T A = 25°C, Unity Gain 0.3 0.7 0.5 0:5 V/~s 

Supply Current/Amp' TA=25°C 2.5 1.7 2.8 1.7' 2.8 mA 

Power Consumptionl Amp TA = 25°C 

VS= ±20V 80 150 mW 
Vs = ±15V SO 85 SO 85 mW 

LM747A Vs = ±20V 

TA = TAMIN 165 mW 
TA=TAMAX 135. mW 

LM747E VS= ±20V ,150 mW 
TA=TAMIN 150 mW 
TA = TAMAX 150 mW 

LM747 Vs = ±15V 

TA=TAMIN 60 100 mW 
TA = TAMAX 45 75 mW 

Note 1: The maximum junction temperature of the LM7471LM747A is 150·C, while thet of the LM747CILM747E is 100"C. For operating at 
elevated temperatures, devices In tha TO-5 package must ba derated based on a thermal rasistanca of 150" CIW, junction to ambient, or 45° C/W, 
junction to case. The thermai resistence of the dual-in-line package is 100"CIW,junction to ambient. 
Note 2: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: These specifications apply for ±5V ::; Vs ::; ±20V and -65·C ::; TA So 125·C for the LM747A and O·C ::; TA ::; 70°C for the LM747E 
unless otherwise specified. The LM747 and LM747C are specified for Vs = ±15V and -55"C $ TA ~ 125·C and O·C ~ TA ~ 7rfc. respectively, 
unless otherwise specified. ' 
Note 4: Calculated value from: 0.351Rise Time Ipsl. 
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Typical Performance Characteristic~ (Continued); 
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Connection Diagrams 

Metal.Can Package 

" 

v-
_ TO'VIEW 

Order Number LM747AH, LM747H. 
LM747EH or LM747CH 
See NS Package H 1 DC 

Broadband Noise for 
Various Ba.ndwid~hs 

lk 10k 

SOURCE RESISTANCE 

Voltage Follower Large 
Signal Pulse Response 

lOOk 

LM141 SLEW RATE 

l~pJT Vsfa ±15V 
T."2S'C 

2 
~ .. .. 

OUTPUT 
... 
S' ,0 
> 

f~. 
... 
'" ~. 
" ~S 

20 40 60 80 100 120 

m~E"'.1 

Dual-In-Lirie Packaga 

INVERTINOINPUTA 

IION·INVERTING INfUT A 

OfFlnllUllA 

;V

OFfSlT NULL I 

IOIl·INVERTING INPUT 8 

INVERTINC ",PUT I 

TO' VIEW 

Of FEST NULL A 

OUTf'UTA 

" 
OUTPUT I 

V+," 

OFfSETNUUI 

'Order Number LM747AJ, LM747J, 
LM747EJ or LM747CJ 
See NS Package J14A 

Ordor Number LM747EN or'LM747CN 
See NS Package N14A 

**V+ A and VfS a,re internallv connected for LM747AJ, LM747CJ etc. 
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~ National Operational Amplifiersl Buffers 
~ Semiconductor 
LM748JLM748C Operational Amplifier 
General Description 
The LM748/LM748C is a general purpose opera
tional amplifier built on a single silicon chip_ The 
resulting close match and tight thermal coupling 
gives low offsets and temperature drift as well as 
fast recovery from thermal transients. In addition, 
the device features: 
... Frequency compensation with a single 30 pF 

capacitor 

... Operation from ±5V to ±20V 

... Low current drain: 1.8 mA at ±20V 

• Continuous short-circuit protection 

• Operation as a comparator with differential in
puts as high as ±30V 

• No latch-up when common mode range is 
exceeded. 

• Same pin configuration as the LM10l. 
The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency 
performance at any gain. As a compar~tor, the 
output can be clamped at any desired level to make 
it compatible with logic circuits . 

The LM748 is specified for operation over the 
_55°C to +125°C military temperature range. The 
LM748C is specified for operation over'the O°C 
to + 70°C temperature range. 

Connection Diagrams Dual-In-Line Package 
Metal Can Package 

'COMP COMP 

INPUT + y+ 

INPUT- OUTPUT 

V" BALANCE 

V· TOPYIEW 
TOP VIEW Note: Pin 4 connected tD til'. Order Number LM74BCN 

See NS Package NOSB Order Number LM74BH or LM74BCH 
See NS Package HOSC 

Typical Applications 
Inverting Amplifier with Balancing Circuit ., .2 
IN'UTo-""""""-4~-"""M ....... -..., 

tMlybtzeroorfllullto 
plrllltfcambinationaf 
R1 Ind R2 for minimum 
oHnL 

LoW Orift Sample and Hold 

">~~-c OUTPUT 

OUT'UT .... ~--,.....--"1>-----; 

'IPUl 

Cl 
JD,' ·Potyclrb"'114iIIIC1ficcapKitar. 

v' 
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Order Number LM748J or LM748CJ 
See NS Package J08A 

· Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 

Voltaga Comparator for Driving 
RTL Logic ,!r High Current Driver 

OUTIUT 



Absolute Maxim ... m Ratings 

Supply Voltage 
Power Dissipation (Note 11 
Differential Input Voltage 
Input Voltage (Note 21 
Output Short·Circuit Duration (Note 31 
Operating Temperature Range: LM748 

±22V 
500mW 

,±30V 
±15V 

Indefinite 
_55°C to +125·C 

OoC to+70oC 
_65°C to +150oC 

300°C 

LM748C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 secl 

Electrical Characteristics (Note 41 

PARAMETER CONDITIONS 

Input Offset Voitage ,TA = 25·C, Rs::; 10 kG 

Input Offset Current TA = 25°C 

Input Bias Current TA = 25°C 

Input Resistance TA = 25°C 

Supply Current TA = 25°C, Vs = ±15V 

Large Signal Voltage Gain TA = 25°C, Vs = ±15V 
VOUT"±10V, RL~2kn 

Input Offset Voltage Rs$10kG 

Average Temperature Rs$SOn 
Coefficient of Input Offset, 
Voltage RS$10k~ 

Input Offset Current TA "O°C to 70°C 
TA "-55°C to 125°C 

Input Bias Current TA = O°C to 70°C 
TAo = -SSoC to 12SoC 

Supply Current TA =+12SoC, V,s =±lSV 
TAo = -5SoC to 125°C 

Large Signal Voltage Gain Vs =±lSV, VOUT=±10V 
RL~2Kn 

Output Voltage Swing Vs" ±15V, RL = 100 
RL =2 kn 

Input Voltage Range , Vs=±15V 

Common Mode Rejection Ratio RS$10kn 

Supply Voltage Rejection Ratio Rs< 10kG 

MIN 

300 

50 

25 

±12 
±10 

t12 

70 

77 

TVP MAX UNITS 

1.0 5,0 mV 

40 200 nA 

120 500 nA 

800 kG 

1.8 2,8 mA 

160 V/mV 

6.0 mV 

3,Q jJvfc 

6,0 jJvfc 

300 nA 
SOO nA 

0,8 jJA 
1,5 jJA 

1.2 2.25 mA 
1.9 3.3 mA 

V/mV 

±14 V 
t13 V 

V 

90 dB 

90 dB 

Note 1: For operating at elevated temperaturet the device. must be derated based on a maximum junction to case thermal 
resistance of 41i"C per watt, or, IWC per watt junction to ambient. (See Curves), 
NDte 2: For supplV voltages I ... than ± 16V, the absolute maximum input voltage i. equal tD the supplV voltage. 
Note 3: Continuous short circuit i. allowed for caM temperatures to +12SoC and embient temperatures to +7rf'C, 
Note 4: These specifications applV for *6V S Vs S +ISV and --56°C S ~':S. 12SoC, unle .. otherwise opacified. With the 
LM748C, however, all temperature specifications are limited to rf'c S TAoS 7 C, , 



Guaranteed Performance Characteristics (Note 4) 
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~ ~ National Operational Amplifiers/Buffers 
i ~ Semiconductor 
...J 

~ ,-
:E 
...J ~M1558/LM1458 Dual Operational Amplifier 

General Description 

The LM 1558 and the LM 1458 are general purpo'se 
dual operational amplifiers, The two amplifiers 
share a common bias network and power supply 
leads, Otherwise, their operation is completely 
independent_ Features include: 

• No frequency compensation required 

• Short-circuit protection 

• Wide common-mode and differential voltage 
ranges 

• Low-power consumption 

• 8-lead TO-S and 8-lead mini DIP 

• No latch up when input commOn mode range is 
exceeded 

The LM1458 is identical to the LM1558 except 
that the LM 1458 has its specifications guaranteed 
over the temperature range from O°C to 70°C 
instead of _55°C to +1~5°C_ 

Schematic and Connection Diagrams 

~.---------.-----~------------~~-------.~,-

"' " 
.. .. , .. 

" "' " 

.. .. 
".. __ .... _-WI-~_ .. '::::.fJ'I DUTPUT 

." '" ." .. , 

." • 

Nale: Numbers in parentheses are pin numlten fD~ Implifier 8. 

Metal Can Package 

,-

Ord .. Number LM1558H 
orLM1458H 

See NS Package HOSC 

Dual-In-Line Package 

,,,nUl II " 
IhIIlTIIIS"""A A..Lfr"-t-- DU"UTI' 

1I01l1.VIRm,a J 
.1I,U1A 

Ordar Number LM1558J' 
or LM1458J 

See NS Package J08A 
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Order Number LM145SN 
See NS Package NOBB 



Absolute Maximum Ratings 

Supply Voltage LM 1558 ±22V Output Short-Circuit Duration Indefinite 
LM1458 ±18V Operating Temperature Range LM1S58 -55'C to 125'C 

Power Dissipation INote 1) LM155BH/LM145BH 500mW LMI458 aOc to 70°C 
LM1458N 400mW Storage Temperature Range -65'C to 150'C 

Differential Input Voltage ±30V Lead Temperature ISolderin,9, 10 secl 300'C 
Input Voltage INote 2! ±15V 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 
LMI558 LM1458 

UNITS 
MIN TVP MAX MIN TVP MAX 

Input Ollset Voltage T" = 25'C. Rs ~ 10 kf.! 1.0 5.0 1.0 6.0 mV 

Input Offset Current T" = 25'C 80 200 BO 200 nA 

Input Bias Current TA=25'C 200 500 200 500 nA 

Input Resistance TA = 25'C 0.3 1.0 0.3 1.0 Mf.! 

Supply Current Both T" = 2S'C, Vs = ±15V 3.0 5.0 3.0 5.6 mA 
Amplifiers 

Large Signal Voltage Gain TA = 2S'C. Vs = ±15V 
VOUT = ±10V, RL 2': 2 kf.! SO 160 20 160 V/mV 

Input Ollset Voltage Rs~ 10kf.! 6.0 7.5 mV 

Input Offset Current SOO 300 nA 

Input Bias Current 1.5 0.8 I'A 

Large Signal Voltage Gain Vs = ±15V, VOUT = ±10V 
RL 2': 2 kf.! 25 15 V/mV 

Output Voltage Swing Vs = ±15V, RL = 10 kf.! ±12 ±14 ±12 ±14 V 
RL =2kf.! ±10 ±13 ±10 ±13 V 

Input Voltage Range Vs = ±15V ±12 ±12 V 

Common Mode 
Rs~ 10 kf.! 70 90 70 90 dB 

Rejection Ratio 

Supply Voltage 
Rs~ 10 kf.! 77 96 77 96 dB 

Rejection Ratio 

Note 1: The maximum junction temperature of the LM1558 IS 150°C. while that of the LM1458IS l00"C. For operating 01 
elevated temperatures, devices in the TO-S package must be derated based on a thermal resistance of 150"CJW, junction to 
ambient or 45°CIW. junction to case. For the DIP the device must be derated based on a thermal resistance of 187"C/W, 
junction to ambient. 

Note 2: For supply voltages less than :t15V. the absolute maximum mput voltage i~ equal to the supply voltage. 

Note 3: These specifications apply for Vfl. = :t.15V and -5S"C ~ T A ~ 125°C, unless otherwise specified. With the LM1458. 
however, a!1 specifications are limited to 0 C ~ T A ~ 70°C and Vs '" :!:l~V. . 
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~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LM2900/LM3900, LM3301, LM3401 Quad Amplifiers 
I 

General Description Features· 

The LM2900 series consists of four independent, dual 
input, internally compensated amplifiers which were de
signed specifically to operate off of a single power supply 
voltage and to provide a large output voltage swing_ 
These amplifiers make use of a current mirror to achieve 
the non-inverting input function. Application areas in
clude: ac amplifiers, 8C active filters, low frequency 
triangle, squarewave and pulse ·waveform generation 
circuits, tachometers and low,speed, high voltage digital 
logic gates. 

• Wide single supply· voltage 4 Voc to 36 Voc 
range or dual supplies ±2 V oc to ±1S V"Jc 

• . Supply current drain independent of supply voltlge 
• Low input biasing current 30 nA 
• High open-loop gain 70 dB 
• Wide bandwidth 2_5 MHz (Unity Gain) 
• Large output voltage swing (V+ -1) Vp-p 
• Internally .frequency compensated for unity gain 
• Output short-circuit protection 

Schematic and Connection Diagrams 

-INPUT O---''-<IH 

+IN'UT 

tURRENT 
MIRROR 

.. 

OUTPUT 

Order Number LM2900J 
Sea NS Package J14A 

Order Number LM2900N, 
LM3900N, LM3301N 

orLM3401N 
Sea NS Package N14A 

Typical Applications (v+ = 15 Voc ) 

.. 
V-o-"N~~ UD1"F 

111K 

V' .... 
Inverting Amplifier Triangle/Square Generator 

..,... .. , 
v, ~ 

.11 

Low Villi - VOUT Voltage Regulator Non-Inverting Amplifier 
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Dual-I n-Line and Flat Package 

IN,", lN~+ IlIu- OUT, OUT, 

TOPVI£W 

Frequency-Doubling Tachometer 

f ·· .. 
'" v. 

Negative Supply Biasing 

Vo• 

" Ay iii 

Vo 



~ 
:::1 

Absolute Maximum Ratings 
LM2900/LM3900 LM3301 

Supply Voltage 32 VDe 28VDe 
±16VDe ±14VDe 

Power Dissipation (T A = 25°C' (Note 1, 
Cavity DIP 900mW 
Flat Pack 800mW 
Molded DIP 570 mW 570 mW 

Input Currents. I'N+ or 'IN - 20 mADe 20 mADe 
Output Short-Circuit Duration - One Amplifier Continuous Continuous 

T A = 25°C lSee Application Hints' 
~40oe to +8Soe Operating Temperature Range 

LM2900 --40Q C to +8SoC 
- LM3900 oOe to +70oe 

Storage Temperature Range --6Soe to +150oe -ss°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 

Electrical Characteristics (Note 6) 

PARAMETER CONDITIONS 

Open Loop 

Voltage Gain 

Voltage G~in TA = 25°C. f = 100 Hz 

Input Resistance TA = 25°C. Inverting Input 

Output Resistance 

Unity Gain Bandwidth TA = 25°C. Inverting Input 

Input Bias Current TA = 25·C. Inverting Input 

Inverting Input 

Slew Rate T A = 25°C. Positive Output Swing 

T A = 25°C. Negative Output Swing 

Supply Current TA = 25·C. RL =00 On All Amplifiers 

Output Voltage Swing TA = 25°e. RL = 2k. VCC = 15.0 VOC 

VOUT High IIN- = O.IIN+ = a 
VOUTLow 111''1- = 10p.A.IIN+ =-0 

"OUT High IIN-=O.IIN+=ORL =~. 
VCC = Absolute Maximum Ratings 

Output Current Capability TA = 25°e 

Source 

Sink (Note 21 

ISINK vol. = lV. liN = 5p.A 

LM3401 

18VDe 
±9VDe 

570 mW 
20 mADe 

Continuous 

oOe to +75°e 

--6Soe to +lS0oe 
300°C 

MIN 

1.2' 

13.5 

6 

0.5 

LM2900 LM3900 LM3301 LM3401 
UNITS 

TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

800 V/mV 

2.8 1.2 2.8 1.2 2.8 1.2 2.8 VlmV 

1 1 1 0.1 1 MSl 

8 8 8 8 kSl 

2.5 2.5 2.5 2.5 MHz 

30 200 30 200 30 300 30 300 nA 

500 nA 

0.5 0.5 0.5 0.5 Vlp.s, 

20 20 20 20 V/p.s 

6.2, 10 6.2 10 6.2 10 6.2 10 mADe 

13.5 13.5 13.5 VOC 

0.09 0.2 0.09 0.2 0.09 0.2 0.09 0.2 VOC 

29.5 29.5 . 25.5 15.5 Voe 

18 6 10 5 18 5 10 mADC 

1.3 0.5 ·1.3 0.5 1.3 0.5 1.3 mADC 

5 5 5 5 mADC 

I-OttW1 'a.o&&W1 'oo6&W'/OO6~W1 



LM2900/LM39OO, LM3301, LM3401 
-

Electrical Characteristics (Continued) (Note 6) 

LM2900 LM3900 LM3301 LM3401 
PARAMETER CONDITIONS UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TYP MAX 

Power Supply Rejection TA = 25'C. f = 100 Hz 70 70 70 70 dB 

Mirror Gain @ 20l'A (Note 3) 0.90 1.0 1.1 0.90 1.0 1.1 0.90 1 1.10 0.90 1 1.10 iJAll'A 

@ 2001tA (Note 3)· 0.90 1.0 1.1 0.90 1.0 1.1 0.90 1 1.10 0.90 1 1.10 iJAll'A 

AMirror Gain @201'A To 200l'A (Note 3) 2 5 2 5 2 5 2 5 % 

Mirror Current (Note 41 10 SOD 10 500 10 500 10 500 !'AOC 

Negative Input Current T A = 25'C (Note 5) l.O 1.0 1.0 1.0 mADC 

Input Bias Current Inverting Input 300 300. nA 

No .. 1, For operating at high temperatures. the device must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175'C/W which applies for the device soldered in a printed 
circuit board. operating in 8 still air ambient. 
No .. 2: The output current sink capability can be increased for larg. Signal conditions bV overdriving the inverting input. This is shown in the section on Typical Chara.cteristics. 
Note 3: This spec indicates the current gain of the current mirror which is used as the non~inverting input. 
Note 4: Input VSE match between the non-inverting and the inverting inputs occurs for a mirror current lnon-inverting input current} of'approximately 10p.A. This is therefore a typical design center for many of 
the apptica~ion circuits. 

Co> 

~ 
II) 

No .. 5: Clamp transi-,ors are included on the IC to prevent the Input voltages from swinging below ground more than approximately -0.3 VOS. The negative input currents which may ,esult from large sigilal 
overdrive with capacitance input coupling need to be extemallv limited to values of approximately 1 rnA. Negative input currents in excess of 4 mA will cause the output voltage to drop to a low voltage. This 
maximum c':Jrrent applies to anyone of the input terminals. If more than one of the input terminals are simultaneously driven ~egative smaller maximum currents are allowed. Common-mode current biasing can 
be used to prevent negative input voltages; see for example, the "Differentiator Circuit" in the applications section. 

No ... : .These sp8cs """ly for -55°C:S TA:S +12SoC. unless ~therwise stated. 

, 
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Typical Performance Characteristics 

Open Loop Gain Voltage Gain Voltage Gain 
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Application Hints 

When driving either input frem a lew·impedance source, 
a limiting resistor, sheuld be placed in series with the 
input lead to limit .the peak input current. Currents as 
large as 20 mA will not damage the device, but the 
current mirrer en the nen·inverting input will saturate 
and cause a loss of mirrer gain at mA current levels
especially at high operating temperatures. 

Precautions sheuld be taken te insure that the power 
supply fe~ the integrated circuit never becomes reversed 
in pelarity or that the unit is net inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fuzing .of the' internal cenducters and result in a' 
destreyed unit. 

Output shcrt circuits either te ground or to the pesitive 
power supply sheuld be .of short time duratien. Units 
ca,n be destroyed, net as a result .of the shert circuit 
current causing metal fuzing, but rath~r due to the large 
increase in Ie chip dissipation which will cause eventual 
failure due to excessive junctien temperatures. For 
example, when .operating from a well·regulated +5 Vee 
power supply at T A = 25c C with a 100 kO shunt
feedback resister (from the .output to the inverting 
input) a shert directly to the power supply will net cause 
catastrophic failure but ,the current magnitude will be 
approximately 50 mA and the junction temperature will 
be above TJ max. Larger feedback resistors will reduce 
the current, 11 'Mn prevides appreximately 30 mA, an 
open circuit provides 1.3 mA, and a direct connection 
from the .output to the nen·inverting input will result in 
catastrephic failure when the .output is shorted to V+ 
as this then places the base·emitter junction of the input 
transistor directly across the power supply. Short-circuits 
to ground will have magnitudes of approximately 30 mA 
and will not cause catastrophic failure at T A = 25°C. 

Typical Applications (Continued) 

RAMraOWN 

.f1. ''"' 
....... 
.f1. ,,,. 

Low·Drift Ramp and Hold Circuit 

Unintentional signal coupling from the output to the 
non·inyerting input can cause oscillations. This is likely 
only in breadboard hook·ups with long component leads 
and can be prevented by a more careful lead dress or by 
locating the non·in~erting input biasing resistor close te 
the IC. A quick check .of this condition is to bypass the 
non-inverting input te ground with a capacitor. High 
impedance biasing resistors used in the non·inverting 
input circuit make this input lead highly susceptible te 
unintentional ac signal pickup. 

Operation of this amplifier can be best understood by 
neticing that input currents are differenced at the 
inverting·input terminal and this difference current then 
flews through the external feedback resister to produce 
the output voltage. Cemmon-mode current biasing is 
generally useful te allew operating with signal levels near 
greund or even negative as this maintains the inputs 
biased at +V BE' Internal clamp transistors (see note 5) 

. catch negative-input voltages at approximately -0.3 Vee 
but the magnitude of current flow has to be limited by 
the, external input netwerk. For operation at high 
'temperature, this limit should be approximately 100IlA. 

This 'new "Norton" current·differencing amplifier can be 
used in most of the applications of a standard I'C op 
amp. Performance as a dc amplifier using .only a single 
supply is not as precise as a standard IC ep amp 
operating with split supplies but 'is adequate in many 
less critical applications. New functicns are made possible 
with this amplifier which are useful in single power 
supply systems. For example, biasing can be designed 
separately from the ac gain as was shown in the 
"inverting amplifier," the "difference integrator" allews 
controlling the charging and the discharging of the 
integrating capacitor both with positive voltages, and 
the "frequency deubling tachometer" provides a simple 
circuit which reduces the ripple voltage .on a tachemeter 
output dc voltage. 

v.C>--+-""""" .... ~ " .. 
1- 7VDI;:J 

.. 
Bi.Quad Active Fiit.r 

(2nd Dogr .. Stat .. Vari.~le Network) 
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Typical Applications (Continued) 

V· 

1M 

VOltage-Controlled Current Source 
(Transconductance Amplifier) 

v. 

V· 

+v, ... 

10M 

10M 

Ground-Referencing a 
Differential Input Signal 

Voltage-Controlled Current Sink 
ITransconductance Amplifier) 

V· 

Low-Voltage Comparator 

V.o---'lfIh--l 
Vo 

Vo 

:1 
llo "mAIVOLTV,,, 

Hi VIN. La (VIN - VOl Self·Regulator 

v, 

Voltage Regulator 

+V,,, 

Buffer Amplifier 

Power Comparator 

Vo 

910 1V 

+VODC 

• 1BOk 

1,.rL...f1.. 

V· 

1k RI 

R1 
lz 'Ri" 

Fixed Current Sources 

V', 

2DOk 

.V .. o-"!'!""""'---.-j 
VODe =AI,,, 
-AIIIIWI Vo 10 go IOZIIO 

Tachometer 

V· 

Comparator 

V· o-""',..... ..... -"VIf\ro_....J v· o-'VV'....4I __ -Wo,....-....J 

Schmitt-Trigger Square-Wave Oscillator Pulse Generator 
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Typical Applications (Continued) 

, .. 
1,..rL..JL 

v"' o-.. .,." ...... ~ 

>--"'OYo~ 1~J"1.I1..f to. 
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Frequency Differencing Tachometer 

RUET n 
1501 

"" 
SET 

n 

Squaring Amplifier (W/Hvsteresis) Bi-Stable Multivibrator 

"OR" Gate 

T 3lIDPF 

.,:" 

'O',kHl 

"ANO"Gate 

,. 

y':ILf1.. 

'" 

.',..rL..JL Yo 
y., 

1,J"1.I1..f v., 

frequency Averaging Tachometer 

Yo 

Yo 

y. 

::~ 

Differentiator (Common·Mode 
Biasing Keeps Input at +VBE) 

·y'o--'III ....... H 

I • 
• y, 0--'11_-+1 

Difference Integrator 

I -

Yo 

Low Pass Active Filter Staircase Generator VBE Biasing 

Vo 

Bandpass Active Filter 
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Low·Frequancy Mixer 
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Typical Applications (Continued) 

DIFHAE"TlAL 
INTECRATOR 

JL 
RESET 
PUlU 

'0 

Free-Running Staircase Generator/Pulse Counter 

One-5hot Multivibrator 

l 
,.-------, 

V"2 

Channel Selection by DC Control (or Audio Mixed 
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'0 

'0 

+V'N 

Supplying 'IN with Aux. Amp 
ho Allow Hi-Z Feedback Networks) 

Non-Inverting DC Gain to (0,01 

" 

Power Amplifier 

" 

v' v, .. muu f~lr 
08V·pttO.!II!, 

One-5hot with DC I "put Comparator 



Typical Applications (Continued) 

410 ~f 

···-rr ~. t 
v·n 

High Pass Active Filter 

IL 
RESET 

Vo 

Vo 

SAMPL£ 

v-o---'VI""'-~ 
Sample-Hold and Compar. with New +VIN 

Sawtooth Generator 

, .. 
O.M~ 

.---------, 

'Ok 

>-+---.... --cV02 :JlJ 
10 

Phase-locked Loop 

Split.Supply Applications (v+ = +15 V DC & v- = -15 V Dd 

'M r-WIo-+III-. 

, ... 
-v. o-'VV\~-4"""M-i 

Av ~ 10 

Non·) nverting DC G;1in 
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~ National Operational Amplifiers/Buffers 
~ Semiconductor ' 

LM4250/LM4250C Programmable Operational Amplifier 
General Description 

The LM42S0 and LM42S0C are extremely versatile 
programmable monolithic operational amplifiers. 
A single external master bias current setting resistor 
programs the input bias current, input offset cur· 
rent, quiescent power consumption, slew rate, 
input noise, and the gain·bandwidth product. 
The device is a truly general purpose operational 
amplifier. 

Features 

• ±1V to ±1BV power supply operation 
• 3 nA input offset current 

Schematic Diagrams 

.. .• 

Connection Diagrams 
MeUlI Can Packege 

QUllSUNt 
ClIRRU!IISU 

Order Number LM4250H or LM4250CH 
See NS Package HOBC 

.U 
UK 
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• Standby power consumption as low as SOO nW 

• No frequency compensation required 
• Programmable electrical characteristics 

• Offset Voltage nulling capability 
• Can be powered by two flashlight batteries 

• Short pircuit prqtection 

The LM42SOC is identical to th'e LM42S0 except 
that the LM42SOC has its performance guaranteed 
over a O.oC to 70°C temperature range instead of 
the -SSoC to +12SoC temperature range of the 
LM42S0. 

Typical Applications 

'., 

'., 

.. 
"" 
.. 
M' 

.. .... 

X5 Difference Amplifier 

.. 
.. ,,. 

v,,, UIIII. 

" 

" 

":' Quumut P, = sao nW 

500 Nano·Watt X10 Amplifier 

Dual·ln,Line Package 

.nwg"'''R'''' IIUUI • CURREIITftT 

IIVI:, 'v-

IQ-.!lvurr·· I • • au1PllT .,.. . 
r. ,OffllT .. ~ 

Order Number LM4250CN 
See NS Package N08B 

Order Number LM4250J 
or LM4250CJ 

Se. NS Package J08A 



Absolute Maximum Ratings 
; Supply Voltage 

Power Dissipation INote 1) 
Differential Input Voltage 
Input Voltage INote 21 
ISeT ~urrent 

tl8V 
SOOIjlW 

:!:30V 
tlSV 

lSO~A 

Output Short-Circuit Duration 
Operating Temperature Range LM4250 

LM42SOC 
Storage Temperature Range 
Lead T empetature (Soldering,lD sec) 

Indefinite 
-SS·C~TA ~ 12S·C 

OOC~TA~70°C 
_65°C to 160°C 

3000 e 

Electrical Characteristics LM4250 (_55°C S T A'S 125°C unless otherwise specified) 

Vs· ±1.5V 

PARAMETERS CONDITIONS ISET =1 ~A ISET -10pA 

MIN MAX MIN MAX 

Vos TA = 2S· Rs~ lookn 3mV SmV 

los TA " 25° 3 nA 10nA 

I ... TA =2So 7.S nA SOnA 

Large Signal Voltage Gain TA " 25° RL ·Iookn 40k 

• Vo' ±0.6, RL = 10 kn SOk 

Supply Current TA=2S"C 7.S~A .80pA 

. ~o~r Consumption TA=2EoC 23~W 240~W 

~os RsS: lookn 4mY 6mV 

los TA '" 125°C 5 nA 10nA 

TA = -5SoC 3 ~A 10 nA 

I ... 7.S nA SOnA 

Input Voltage Range ±O.6V ±O.6V 

Large Signal Voltage Gain Va = ± 0.5V, RL = 100 kn 30k 

RL=lOkn 30k 

Output Voltage Swing RL "IOOkn to.6Y 

RL = 10 kn to.SY 

Common MOde Rejection Ratio Rs~ 10kn 70dB 70d8 

SupplV Voltage Rejection Ratio Rs~10kn 76dB 76d8 

Supply Current 8pA 90~A 

Power Consumption 24pW 270~W 

" 

Vs - t15V 

PARAMETERS CONOITIONS ISET-1 v.A ISET -10p,A 

MIN MAX MIN MAX 

Vos TA ' 25·C RsS: 100kn 3mV 5mV 

los TA = 2SoC '3nA 10nA 

lb., TA = 25'C 7.5nA SO nA 

Lilrge Signal Voltage Gain TA ~ 2SoC RL ' 100 kn lOOk 

Vo = ±10V RL =lOkn lOOk 

Supply Current TA 1112SoC .IO~A 9O~A 

Power Consumption TA '" 2SoC 300~W 2.7mW 

Vos I Rs~ lookn 4mV SmV 

lo~ 'TA:c: 12SoC 25nA 25 nA 

TA:c: _55°C 3nA 10 nA 

lb •• 7.5 nA 50 nA' 

, Input Voltage Range ±13.5V ±13.5V 

Large Signal Vol1age Gain Vo = ±lOV RL = 100 kn SOk 

RL=lOkn SOk 

Output Voltage Swing RL = lookn ±12V 

RL=lOkn ±12V 

Common Mode Rejection R~tio Rs~10kn 70dB 70dB 

Supply Voltage Rejection Ratio Rs~ 10kn 76d8 7SdB 

Supply Current 11 ~A loo~A 

Power Consump1ion 330~W 3mW 

Note 1: The maximum junction temperature of the LM4250 is 150·C, while that of the LM4250C is l00·C. For operating 
at elevated temperatures. devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W junction to' 
ambient. or 4SoCIW junction to case. The thermal resistance of the dual·in-line package is 12SoC/W. 
Note 2: For supply voltages less than.tl5V, the absolute maximum inpul voltage is equal to the supply voltage. 
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Electrical Characteristics LM4250C (O·C s: 'T A s: ,o·e unless otherwise specified) 

Vs·.t1.5V 

PARAMETERS CONDITIONS ISET -'p.A ISEt ·IO~A 

MIN MAX MIN MAX 

Vas TA = 25QC Rs ~ 100kO 5mV 8mV 

los TA • 2SoC 6nA 201lA 

'bll' TA • 2SoC lOnA 7S nA 

Large Signal Voltage Gain TA = 2SOC RL ' 100 kfi 25k 

Vo '" ±O.6V Rt. = 10kn 2Sk 

Supply Current T. ".2SoC 8~A 9O~A 

Power Consumption TA "2S·C. 24pW 2"1OpW 

Vas Rs "; 10kfi 6.SmV 7.5mV 

los 8nA 25 nA 

'baa. lOnA 80nA 

Input Voltage Range !O.6V ±O.6V 

Large Signal Voltage Gain Vo •• O.SV. RL = 100 kfi. 2Sk 

RL=IOkU 2Sk 

Output Voltage Swing RL = lOOkfi to.6V 

RL = 10 kU 00.6V 

Common Mode Rejection Ratio Rs"; 10kU 70d8 70dB 

Supply Voltage Rejection Ratio Rs"; IOkU 74 dB 74dB 

Supply Current 8~A 90uA 

Power Consumption 24~W 270uW 

VS·±15V 

PARAMETERS COII/OITIONS ISET -1 p.A I.ET·IO~A 

MIN MAX MIN MAX 

Vas TA = 2S'C Rs"; 100 kU SmV BmV 

los T A ' 2S'C BnA 20nA 

'b ... TA ·2SoC lOnA 75 nA 

Large Signal Voltage Gain TA • 2S'C RL " 100 kU 60k 

Va' OIOV RL = 10 RU 60k 

Supply Current TA " 2SoC l1pA lOOpA 

Power Consumption TA " 2SoC 330~W 3mW 

Vas Rs "; 10kU B.5mV 7.SmV 

los BnA 2SnA 

tb". 10nA 80nA 

Input Voltage Range 013.5V 'll.SV 

Large Signal Voltage Gain Va· OIOV RL = 100 kU SDk 

RL ·IOkU SDk 

Out~t Voltage Swing RL=IOOkO '12V 

RL -IOkU '12V 
Common Mode Rejection Ratio Rs':: IOkfi 70 dB "10 dB 

Supply Voltage Rejection Ratio Rs"; 10kU 74 dB 74 dB 

Supply Current II uA IOOuA 

Power Consumption lOOuW lmW 

Resistor Biasing 

Set Current Setting Resistor to v-
ISET 

Vs O.I~A o.SpA I.OpA SpA 10~A 

tl.5V 25.6MU S.04MU 2.SMU 492kO 244kU 
:t3.0V 55.SMfi II.OMU S.SMO 1.09MO 544kU 

t6.0V 116MU 2l.0MU I1.SMU 2.29MU 1.14MU 
t9.0V 176MO 3S.,OMO 17.SMfi 3.49Mn 1.74Mfi 

"2.0V 2l6Mfi 47.0 MU 2l.SMU 4.69Mfi 2.34Mfi 

"5.0V 296MU 59.0MU 29.5MU S.B9Mfi 2.94Mfi 
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lYpical Performance Characteristics 
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Typical Performance· Characteristics (Continued) 
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Typical Applications (Continued) 
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~ National ' Olierational Amplifiers/Buffers 
~ Semiconductor 
LM13080 Programmable Power Op Amp 
General D~scription 
The LM13080 is an internally compensated medium 
power operational amplifier designed for use in those 
applications requiring load currents of several hundred 
milliamperes. This amplifier has the added advantage 
of having an input stage programmed with an external 
resistor. The user is able to optimize the amplifier 
performance for each individual application with .'this 
feature. Applications include servo amplifiers and 
drivers, high input impedance audio amplifiers, OC
to-DC converters, precision power comparators which 
can either sink or source current and motor speed 
controls. 

The LM13080 may be powered from either single or 
dual power supplies, and will operate from as little 
as 3V. 

As a power operational amplifier, the LM13080 is 
capable of delivering O.25A to a load. This feature 
allows the system designer to fulfill his medium power 
circuit requirements without having to add external 

Schematic and Connection Diagrams 
Dual-In-Line Package (LM13080N) 

-INPUT 

~UTPUT BIAS 

GNO 

TOP VIEW 

Ne 

INPUTBIAS 
(RSETI 

OUTPUT 

Order Number LM13080N 
See NS Package N08A 

Single-In-Line Package (LM13080P) 

o o 

11 

OUT v+ IN Ne -IN GND* OUT +IN Ne SIGNAL PWR 
BIAS BIAS. GNO GND 

(RSETI 
TOP VIEW 

*Pin 6 can be connected to pin 10, if not, pin 6 must 
be left with no connection. 

Order Number LM13080P 
See NS Package PllA 

current boost transistors to the output of a standard 
operational amplifier. 

8y selecting the proper input stage bias resistor it is 
possible to tailor the performance of the input stage 
to meet the needs of any particular system. Trade-offs 
between input offset voltage, input bias current and 
gain bandwidth are easily made. 

An unusual feature of the LM13080 is an electronic 
shut-down capability. 

Features 
• High output current-250 mA 
• Externally programmable input stage 
• Low power supply operation-3V 
• Electronic shut-down capability 
.' Internally compensated for unity gain 
• Low input bias current 

Numbers in parentheses show LM13080P connections 
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Absolute Maximum Ratings 
Supply Voltage Operation Range 3V to 15V or Input Voltage Range, (Note .3) -0.3V to +15V 

±1.5Vto±7.5V Input Current (VIN:::; -0.3V), (Note 4) 20mA 
Power Dissipation, (Note 1) Operating Temperature Range O°C to +70°C 

Molded Dual·ln·Line Package(LM130aON) 1000mW Storage Temperature Range -65°C to +150°C 
Molded Single-ln·Line Package (LM130aOP) 1900 mW Lead Temperature (Soldering, 10 seconds) 300°C 

Differential Input Voltage, (Note 2) 15V 

Electrical Characteristics (Vs ~ 12V, RSET ~ 6aOk, unless otherwise specified) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

I nput Offset Voltage T A ~ 25°C, (Note 5) ±3 ±7 mV 

Input Bias Current IIN(+) or IIN(-), T A = 25°C 100 400 nA 

Input Offset Current IIN(+) -IIN(-), TA ~ 25°C ±30 ±75 nA 

Supply Current RL ~ 00, T A ~ 25°C, (Note 6) 3 6 rnA 

Output Voltage Swing Vs ~ ±6V, TA = 25°C, (Note 1) 

VOH RL = 50n 4.5 5 V 

RL = 8n 2 V 

VOL RL = 50n -5 -4.5 V 

RL~8n -2 V 

Large Signal Voltage Gain Vs = ±6V, RL = 50n, f ~ 100 Hz, 3 10 V/mV 

TA=25°C 

Input Common·Mode Voltage VS:::; 15V, TA ~ 25°C, (Note 3) 1 VS-l.5 V 

Range 

Input Offset Voltage (Note 5) ±10 mV 

Input Offset Voltage Drift 5 pV/"C 

Input Bias Current IIN(+) or IIN(-) 600 nA 

Input Offset Current IIN(+) - IIN(-) ±150 nA 

Input Offset Current Drift 50 pAtC 

Supply Current RL = 00, (Note 6) a rnA , 
Output Voltage Swing VS~±6V,.(Note 1) 

VOH RL = 50n 4 V 

RL = an 1.6 V 

VOL RL = 50n -4 V 

RL = an -1.6 V 

Large Signal Voltage Gain Vs = ±6V, RL = 50n, f ~ 100 Hz 1 VlmV 

Input Common·Mode Voltage VS:::; 15V, (Note 3) 1.25 VS-1.75 V 

Range 

Common-Mode Rejection Ratio 63 85 dB 
'J 

Total Harmonic Distortion RL ~ an, Vo = 2Vrms, 0.5 5 % 
f = 1 kHz 

Note 1: For operation at high temperatures, the LM13080 must be derated based upon a maximum junction temperature of 150°C and a thermal 
resistance of 120°C/W for the miniDIP package (LM13080N) or a thermal resistance 85 given by the curves for the single·in-line power package 
(LM13080P). The thermal resistance values given are for a stili air ambient with the package soldered into a printed circuit board. 

Note 2: Differential input voltages up to the magnitude of the power supply voltage will not damage the input circuitry. However, input voltages 
outside the input common-mode voltage range will not be able to properly control the output of the amplifier. 
Noto 3: The input voltage applied to either input should not be allowed to go more than O.3V below the potential applied to pin 4; however, 
either input can be taken as high as 15V without causing damage to the circuit. Input voltages below the minimum common·mode voltage ra'nge 
may cause a phase reversal in the output. 

Note 4: This input current will exist only when the voltage at either input lead is driven negative. It is due to the base-isolation junction of the 
PNP transistor tub becoming forward biased and thereby acting as an input diode clamp. In addition to ,this diode action, there is also lateral NPN 
parasitic action on the Ie chip. This transistor action can cause the output to take an undefined state for the time duration that an input is driven 
negative. 

Note 5: Vo = 6V, RS = on, and over the full input common-mode voltage range. 
Note 6: Supply current is measured with the amplifier connected in a unity gain follower configuration and the positive input set to one-half 
of the supply voltage. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Application Hints 
The LM 13080 is a power op amp capable of sourcing or If the inputs of the LM 13080 are driven below the input 
sinking more than 250 rnA and does not include internal common·mode voltage range, it is possible that the 
current limit or thermal shut·down. Therefore, the user output will experience a phase reversal. This is parti· 
must make sure that his application will not cause 'the cularly true for the non·inverting input (VIN(+))· 
power dissipation rating of the package to be exceeded. If either input is driven to a voltage level 0.3V below 
In the plastic mini DIP package the LM13080N is rated the substrate (pin 4) a parasitic NPN transistor will be 
at a maximum dissipation of 1000 mW at 25°C; whereas turned ON .. The emitter of this parasitic transistor is 
the metal tab single·in·line (SIP) package (LM13080P) the normal input transistor epi (N·type, base) region, 
will handle 1900 mW in free air, also at 25°C. For the base is the substrate (P-type) and the collector is 
operation at temperatures above 25°C, the maximum every other epi region on the die. Circuit operation in 
dissipation must be derated using the equation: this mode is unpredictable. If an input is forced below 

TJ-TA the substrate, the current flowing out of that input 
PD ~ should be limited to 20 rnA to insure that the amplifier 

0JA will not be destroyed. 

where PD is the 'maximum allowable power dissipation, 
TJ is the maximum junction temperature (150°C), TA Programming the LM13080 is accomplished by selecting 
is the ambient temperature and 0JA is the thermal the value of RSET, the input stage bias resistor, to 
resistance of the packQge operated in a still air environ· optimize the amplifier for each particular application. 

. ment. 0JA for the LM13080N is 120°C/W, whereas the An example would be an application with low source 

0JA of the LM 13080P depends upon the heat sink resistance which requires a low offset voltage to make a 
used (see curve). For example, if the LM13P80P is precise DC measurement. By selecting an RSET of 
used i·n free air in a 70°C ambient, the maximum power 100 kn, the normal offset voltage would be reduced to 
that can be dissipated is: approximately one-fourth the value it would be if a 

150°C - 70°C 
680k resistor was used. By studying the curves, it can be 

PD~ ~ 1230 mW. seen that the bias current will increase but an increase 
65°C/W here has very little effect due to the small source imped· 

The LM 13080 derives its ability to sink current through ance. It should also be noted that with a lOOk input set 

the use of a composite NPN/PNP output configuration. resistor the gain bandwidth product will also· increase, 

This local loop must be compensated by the series and in fact, the amplifier must be operated with a closed 

connection of a 0.05 f.1F capacitor and a 10n resistor loop voltage gain of 6 to assure stability, 

between the output of the op amp (pin 5) and the 
negative power supply (pin 4), The RC does not just The effect of RSET on the total quiescent supply· current 
filter out the oscillation from the output waveform will be very small (AIS < 5% IS) as long as RSET is lOOk 
but actually stabilizes the loop. or greater. 
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Application Hints (Continued) 

To employ electronic shut-down the ,output bias pin, 
pin 2, and the negative end of the input bias resistor, 
RSET, are connected to the negative power supply 
(or ground in a single power system) through a sat
urated NPN transistor (or other electronic switch). When 
the transistor is turned OFF, all of the bias currents 
inside the op amp are turned OFF and all input and out
put terminals will float. When' first turned ON, the out
put will take about 5 IlS to reach the correct level. To 
insure that the LM 130BO is OF F, leakage in the control 

. device must be below the level that will allow pins 2 and 
7 to fall to OAV below V+_ 

Power supply rejection is a function of the change 
in voltage across the input bias resistor, RSET- To 
improve the PSR R of the LM 130BO, the user must 
be careful to bypass pin 7 to pin 6 or' to establish a 
floating voltage referenced to the positive power sup
ply to. serve as a connection point for RSET. In applica
tions where PSR R is important, it is imperative that a 
supply bypass capacitor(s) be used. 

Typical Applications 
LINE DRIVER 

The lin,e driver circuit in Figure 1 is able to accept an 
unbalanced, high impedance input and convert it to a 
balanced output suitable for driving a low impedance 
line. This is particularly useful in an environment where 
magnetically induced hum or noise pickup is a problem. 

The outputs of the 2 LM 130BO's are of opposite polarity; 
therefore, terminating the line with a balanced load 

6V 

10 T'05" 

-BV -6Y -6V 

100k 

lOOk 

6V 

OUTPUT (TO 
TWISTED PAIR) 

FIGURE 1_ Line Driver - Unbalanced Input to Balanced Output 

Note: Pin numbers apply to miniDIP. 

3-2BB 

(i.e., a differential amplifier or a transformer) will cause 
common-mode interference pickup to be cancelled_ 

This circuit will drive a 20 Vp-p signal into a 50[2 load 
for frequencies up to 10kHz. Above 10kHz the output 
signal is slew rate limited, but the line driver will still 
supply a 13 Vp-p signal at 20 kHz. The voltage gain of 
the network is 2, and the low' frequency roll-off is 
determined by: 

1 
fL = 2rrRC' 

It can be seen that if the load is conn~cted directly 
between the outputs of the amplifiers, the line driver 
becomes a simple bridge amplifier capable of delivering 
2W into a 16[2 load. 

PIEZOELECTRIC ALARM 

The piezoelectric alarm shown in Figure 2 uses a 3-
terminal transducer (Gulton 101 FB or equivalent) to 
produce an BO dB SPL alarm. 

The transducer has a feedback terminal which is con
nected to the non-inverting input of the LM130BO, 
causing oscillation at the resonant frequency of the 
piezoelectric crystal. The alarm can be controlled 
through the use of the electronic shut-down feature of 
the amplifier. The lOOk resistor and 0.1 IlF capacitor 
are used to provide a reference voltage at the inverting 
input and to keep the duty cycle of the crystal oscilla
tion close to 50%. The RC time constant of this feed
back network should be much 'greater than the time 
constant of the transducer. 

9V '\ lOOk 

gV 

FIGURE 2. Piezoelectric Alarm 



Typical Applications (Continued) 

SIRENS 

Two separate circuits for sirens are shown. The first, 
Figure 3, is a 2·state or ON-OFF type siren where the 
LM 13080 oscillates at an audio frequency and drives an 
8n speaker and the LM339 acts as a switch which 
controls the audio burst rate. The second siren, Figure 4, 
provides a constant audio output but alternates between 
2 separate tones. The LM13080 is set to oscillate at one 
basic frequency and this frequency is changed by adding 
a 200 kn charging resistor in parallel with the feedback 
resistor, R2. 

IOV 
RI 
75k 

lOV 

LAMP FLASHER - RELAY DRIVER 

The LM 13080 is easily adaptable to such applications 
as low frequency warning devices. The output of the 
oscillator is a squarewave that is used to drive lamps or 
small relays. As shown in Figure 5, the circuit alter
nately flashes 2 incandescent lamps. 

IOV 
RZ 
75k 

. lOV 

IOV 

I 
fAUDIO~ I.4RICI 

~ 190 Hz 

10k 

'.~. 
10k 

I 
fSWITCH ~ 1.4 R2C2 

~ 1.9 Hz 

10k 

I lOV 
fSWITCH ~ 1.4 Rl Cl 

~ 1.9 Hz 

10k 

10k 

10k 

'::" 

15k 

FIGURE 3. 2-State Siren 

RI 
15k 

r----A,M~--., lOV 

R 
15k 

5V 

-5V· 

lOOk 

lOV 

ISk 

a) Split Supplies 

S.lk 

ZOOk 

FIGURE 4. 2-Tone Siren 

5V 

-5V 

1 '::" 
f~---

0.36 RC 

15k 

RZ 
15k 

IOV 

10k 

'.~ 
Basic tone ~ 190 Hz 

'::" Switched tone ~ 260 Hz 

15k 

R 
15k 

'::" 

15k 

'::" 

b) Single Supply 

IOV 

I 
f~--

1.4 RC 

FIGURE 5. Low Frequency Lamp Flasher/Relay Driver 

Note: Pin numbers apply to miniDIP. 
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Typical Applications (Continued) 

MOTOR SPEED CONTROL 

The LM 130BO can be used to construct oj very simple 
speed control for small motors requiring less than 0.5A 
start current. This circuit operates by impressing the 
multiple of a reference voltage across the motor, and 
then varying the reference by means of quasi·positive 
feedback to change the voltage across the motor any 
time the load on the motor changes. 

To understand the circuit operation, it is easiest to let 
the voltage at the cathode of diode 01, Figure 6, be the 
input voltage, VIN, to the system. Diode 01 is actually 
a level shift diode to bring VIN into the common-mode 
range of the amplifier. A reference voltage is established 
by the combined voltage drop through the 10n poten· 
tiometer, R3 and the reference diode, 02 and is applied 
to the non-inverting input of the LM130BO. Resistor 
R4 is a bias resistor used to keep 02 active. The 10k 
speed adjust potentiometer is 2 resistors in 1, where 
section R 1 is the input resistance and section R2 is the 
negative feedback resistance. It can be seen that the 
voltage impressed across the motor is equal to: 

. (VSE2 + 13R3) R2 
VMOTOR = R1 + VSE 

of R5 
10k 

Rl 

The positive feedback is developed as a change in the 
voltage across R3 due to the-change in the motor current 
caused by a variation in the motor's load. Resistor R3 
is shown as a potentiometer so that the amount of posi-. 
tive feedback can be adjusted for smooth operation of 
the motor. Capacitor C1 and resistor R5 serve as a filter 
for the reference voltage at the non-inverting input of 
the amplifier. 

VOLTAGE REGULATORS 

In normal, positive or negative regulator application 
such as those shown in Figure 7 and Figure 8, the 
LM13080 has 2 major advantages over standard opera
tional amplifiers. The LM13080 has its own on-chip pass 
device and in addition can either sink or source 250 mA 
of load current. 

RZ 

FIGURE 6. Motor Speed Control 

10k 10k 
10k 

>~I-<OVOUT 
>-4II~OVOUT 

0.05 ~F 

2V::; VOUT::; (VIN - 2V) 

FIGURE 7. Positive Variable Voltage Regulator FIGURE 8. Negative Variable \/oltage Regulator 

Note: Pin numbers apply to miniDIP. 
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~National 
~ Semiconductor' 

Operational Amplifiers/Buffers 

LH0002/LHOOO2C Current Amplifier 

General Description 
The LH0002/LH0002C is a general purpose thick' 
film hybrid current amplifier that is built on a 
single substrate. The circuit features: 

• High Input Impedance 

• Low Output Impedance 

• High Power Efficiency 

• Low Harmonic Distortion 

• DC to 30 MHz Bandwidth 

400 k!2 

6!2 

• Output Voltage Swing that Approaches Supply 
Voltage ' 

• 400 mA Pulsed Output Current 

• Slew rate is typically 200V Ills 

• Operation from ±5V to ±20V 

These features make it ideal to integrate with an 
operational amplifier inside a closed loop configu
ration to increase current output. The symmetrical 

output portion of the circuit also provides a low 
output impedance for both the positive and nega
tive slopes of output pulses. 

The LH0002 is available in an 8·lead low-profile 
TO-S header; the LH0002C is also available in an 
8-lead TO-S, and a 10-pin molded dual-in-line 
package. 

The LH0002 is specifi,ed for operation over the 
-SSoC to +12SoC military temperature range. The 
LH0002C is specified for operation over the O°C 
to +8SoC temperature range. 

Applications 
• Line driver 
• 30 MHz buffer 
• High speed DIA conversion 
• I nstrumentation buffer 
• Precision current source 

Schematic and Connection Diagrams 
,,' 

l, IUI_~~_-+-f 

fl L'I-~~+-_-I 

''- ''-
Pin numbers in par.ntb.ses d.nole pIn 
COllnectionsfo. dUII·in-line package. 

Typical Applications 
High Current Operational Amplifier 

ftl 
INPUT -JOoI'''''''''"''I 

RUIR2 

·Previously called NH0002/NHOO02C 

ftL 

Dual-In-Line Package 

,,. I, 

,,' I, 

''- I, 

''- I, 

Order Number LH0002CN 
See Package Nl0B 

Lina Driver 

OUTPUT VIP~ 
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Metal Can Package 

Order Number LHOOO2H or LH0002CH 
See Package H08A 

SELECT CAPACITOR TO ADJUST 
TIME RESPONSE OF PULSE. 

5tnLOAD 
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Absolute Maximum Ratings 
Supply Voltage ±22V 
Power Dissipation Ambient 600mW 
Input Voltage (Equal to Power Supply Voltage) 
Storage Temperature Range -65°C to +150°C 
Operating Temperature Range 

LHOOO2 
LH0002C 

Steady State Output Current 

-55°C to +125°C 
O°Cto +85°C 

±100mA 
±400mA Pulsed Output Current (50 ms Onll sec. Off) 

Electrical Characteristics (Note 1) 

Parameter Conditions 

Voltage Gain Rs=10kQ, RL=1.0kQ, VIN=±10V 

AC Current Gain V1N = 1.0Vrms, f = 1.0kHz 

Input Impedance Rs=200kQ, VIN=±1.0V, RL=1.0kQ 

Output Impedance VIN=±1.0V, RL=50Q, Rs=10kQ 

Output Voltage Swing RL=1.0kQ, VIN=±12V 

Output Voltage Swing Vs=±-15V, V1N=±12V, Rs=50Q, RL=l00Q, TA = 25°C 

DC Output Offset Voltage Rs=300Q, RL=1.0k2 

DC Input Offset Current Rs=10k2, RL=1.0kQ 

Harmonic Distortion V1N = 5.0Vrms, f = 1.0 kHz 

Rise Time 'RL=50Q, AV1N =l00mV 

Positive Supply Current Rs=10kQ, RL=1.0kQ 

Negative Supply Current Rs=; 10k2, RL = 1.0kQ 

Min. Typ. Max. Units 

0.95 0.97 

40 Alma 

180 400 - kQ 
, 

- 6.0 10 Q 

±10 ±11 - V 

±10 V 

- ±10 ±30 mV 

~ ±6.0 ±10 p.A 

- 0.1 - % 

7.0 12 ns 

- +6.0 +10 rnA 

- -6.0 -10 rnA 

Note 1: Specification applies for TA = 25"C with +12Von Pins 1 and 2; -12V on Pins 6 and 7 for the metal can package and +12Von Pins 
1 and 2; -12V on Pins 4 and 5 for the dual·ln·llne package unless otherwise specified. The parameter guarantees for LH0002C apply 
over the temperature range of O°C to +85°C, while parameters for the LHOOO2 are guaranteed over the temperature range -55°C to 12SoC 
unless otherwise specified. 
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Typical Performance 
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~National. . 
~ Semiconductor 

Operational Amplifiers/Buffers 

LHOOO3lLHOO03C Wide Bandwidth Operational 
Amplifier 

General Description 
The LH0003/LH0003C is a general purpose opera· 
tional amplifier which features: slewing· rate up to 
70 volts/llsec, a gain bandwidth of up to 30 MHz, 
and high output currents. Other featureS-are: 

• Very low offset voltage 

• Large output swing 

Typically 0.4 mV 

>±10V into lOOn 
load 

Schematic and Connection Diagrams 

R6 R1 
IK IK 

'---i--l0 
..;C:::O:::MP~_+ ___ +--1I-., ~~~MP 

5 COMP 

R3 
10K 

R. 
10K R' 

lK 

COMPENSATION 

~~~---~----~v~- 3 

Typical Applications I 

High Slew Rate Unity Gain Inverting Amplifier 

rl.~---"'---OUTPtll 

t-------JYV��_--+-...,.'l/-INPUT 

'Previously called NHOOO3/NHOO03C 

.3·294 

CU(;u'IGa,n 

,::40 

,: 1O 

0 , , , 
.~ 1 

• High CMRR 

• Good large signal 
frequency response 

Typically > ~O dB 

50 kHz to 400 kHz de· 
pending on compensa· 
tion 

The LH0003 is specified for operation over the 
_55°C to +125°C military temperature range. The 
LH0003C is specified for operation over the O°C 
to +85°C temperature range. 

C1 

lOP VIEW 

Order Number LHOOO3H or LHOOOJeH 
See Package HI 08 

c, C, Slew Rile Full OUIPUI Fr~u~y 
pF pF Rio > loon. VIIl_ R, looU Vou. 

7. :l 3. 30 

" 3. " ". I 'H. 
50 50 • 100 

90 90 so 

Typical Compensation 

Unity Gain Follower 

INPUT - .... --.AiIr-... -(i) }-_,,-_OUTPUT 

IID,f 



Absolute Maximum Ratings 
Supply Voltage 
Power Dissipation 
Different,al Input Voltage 
Input Voltage 
Load Curren t 
Operating Temperature Range LH0003 

LH0003C 
Storage Temperature Range 

_c20V 
See curve 

.t7V 
Equal to supply 

120mA 
_55°C to +125°C 

DoC to+85°C 
__ 65°C to +150°C 

300°C Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics (Notes 1 & 2) 

PARAMETER 

Input Offset Voltage 

Input Offset Curtent 

Input Bias Current 

Supply Current 

Voltage Gain 

Voltage Gain 

Output VOltage SWing 

Input ReSistance 

Average Temperature 
Coefficient of Offset 
Voltage 

Average Temperature 
CoeffiCient of Bias 
Current 

CMRA 
PSAR 

EQUivalent Input 

NOIse Voltage 

, 

CONDITIONS 

Rs < loon 

Vs "20V 

RL = lOOk, Vs .!.15V. VOUT '" !olOV 

RL = 2k, v~ ':. !.l5V, V OUT ~ .:!:.10V 

Vs ""!15,A L '=10QU 

As < lOOn 

As < loon. Vs = t.V, V 1N :tlOV 

Rs < lOon: Vs ~ :t 15V. t:N 5V to 20V 

As "" loon, f 10 kHz [0100 kHz 
Vs -' ±15Vdc 

MIN 

20 

15 

±10 

70 

70 

TVP 

O. 

002 

04 

1 2 

70 

40 

!l2 

100 

4 

8 

90 

90 

'-8 

MAX UNITS 

30 rnV 
02 ~A 

20 ~A 

3 rnA 
VIm V 

V/mV 

V 

k! ~ 

~vi'c 

nAte 

dB 

d8 

pVrms 

Note 1. These specifications apply for Pm 7 grounded, for ±5V < Vs < ±20V. with capacitor 
C, = 90 pF from Pin 1 to Pin 10 and C2 .= 90 pF from Pin 5 to ground, over 
the specified operating temperature range, unless otherwise specified 

Note 2. Typical values are for tAMBIENT = 25°C unless otherWise specified. 

Typical Performance 
Maximum Power Dissipation Large Signal Frequency Response 

1000 I I CASE ~t i~ 
I 800 i-tt'-t I 1-+ t ~~t-
z I-- tt- L j .• 
c 600 I-- -, --~ +----......... ... ~ 
~ • t • 
: AMBIENT ~ 1\ 
~ ::: ~ ~T-i : ~ : ~ 

01-- r: i 1: t ,} : 11111111 NJ Nl 
25 50 15 100 125 10' 10' 106 10' 

TEMPERATURE rCI FREQUENCY 1Hz) 
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Open Loop Frequency Response 
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~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LHOOO4lLH0004C High Voltage Operational 
Amplifier 
General Description 
The LH0004/LH0004C is a general purpose opera
tional amplifier designed to operate from supply 
voltages up to ±40V_ The device dissipates ex
tremely low quiescent power, typically 8 mW at 
25°C and Vs ; ±40V_ Additional features include: 

• Capable of operation over the range of ±5V to 
±40V 

• Large output voltage typically ±35V for the 
LH0004 and ±33V for the LH0004C into a 
2 ,Kn load with ±40V supplies 

• Low input offset current typically 20 nA for 
the LH<;l004 and 45 nA for the LH0004C 

• Low input offset voltage typically 0_3 mV 

• Frequency compensation with 2 small capacitors 

• Low power consumption 8 mW at ±40V 

The LH0004's high gain and wide range of oper
ating voltages make it ideal for applications 
requiring large output swing and low power 
dissipation_ 

The LH0004 is, specified for operation over the 
-55°C to +125°C military temperature range_ The 
LH0004C is specifi~d for operation over the O°C 
to +85°C temperature range_ 

Applications 
• Precision high voltage power supply 

• Resolver excitation 
• Wideband high voltage amplifier 

• Tra~sducer power supply 

Sche'matic and Connection Diagrams 

r-... --t--..... ----1~' " 

" I., .. 
"" 

" y, 

I,--.... -_ ..... __ --<~' ,-

Typical Applications 

Voltage Follower 

" Tllpl' 
":' 4M.ybe:reroorlqull 

to $oun:e reslstJnce for 
mimmumoHset. 

I nput Offset 
Voltage Adjust 

" 

'Previously called NH0004/NH0004C 

tOWEfilSATIOI 

Note: Pin 7 must be grounded or connected to a voltage 
at least 5V more negative than the positive supply (Pin 9). 
Pin 7 may be connected to the negative supply; however. 
the standby current will be increased. A resistor may be 
inserted in series with Pin 7 to Pin 9. The value of the 
resistor should be a maximum of 100 KO per volt of 
potential between Pin 3 and Pin 9, 

Order Number LH0004H or LH0004CH 
See Package H 1 OB 

External Current 
Limiting Method 

High Compliance Current Source 

.. 
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Absolute Maximum Ratings 

Supply Voltage, Continuous ±45V 

Power Dissipation (See curve) 400mW 
Differential Input Voltage ±7V 
Input Voltage Equal to supply 
Short Circuit Duration 3 sec 
Operating Temperature Range LHOO04 ~ -55°C to +125°C 

LHOO04C O°Cto 85°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 1) 

LHOO04 LHOOO4C 
PARAMETER CONDITIONS 

MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Rs:':: lOOn, T A: 25°C 0.3 1.0 0.3 1.5 mV 

Rs:':: lOon 2.0 3.0 mV 

Input' 8ias Current TA = 25°C 20 100 30 120 nA 
300 300 nA 

I nput Offset Cu rrent TA = 25°C 3 20 10 45 nA 
100 150 nA 

Positive Supply Current Vs = ±40V, T A = 25°C 110 150 110 150 IJA 
Vs = ±40V 175 175 IJA 

Negative Supply Current Vs = ±40V, T A = 25°C 80 100 80 100 IJA 
Vs = ±40V 135 135 IJA 

Voltage Gain Vs = ±40V, RL = lOOk, TA = 25°C 
30 60 30 60 V/mV 

VOUT = ±30V 
Vs = ±40V, RL = lOOk 

10 10 V/mV 
VOUT = ±30V 

Output Voltage Vs = ±40V, RL = 10k ±30 ±35 ±30 ±33 V 

CMRR Vs = ±40V, Rs :,:: 5k 70 90 70 90 dB 

~ 
V 1N = ±33V 

PSRR Vs = ±40V,. Rs :,:: 5k 70 90 70 90 dB 
tJ.V = 20V to 40V 

Average Temperature 
Rs:':: lOOn 4.0 4.0 IJvtc 

Coefficient Offset Voltage 

Average Temperature 
Coefficient of 0.4 0.4 nA/oC 

Offset Current 

Equivalent Input Rs = lOOn, Vs: ±40V 
3.0 3.0 IJVrms 

Noise Voltage f = 500 Hz to 5 kHz, T A = 25°C 

Note 1: These specifications apply for ±5V ::; Vs ::; ±40V, Pin 7 grounded, with capacitors Cl = 39 pF between Pin 1 and 
Pin 10, C2 = 22 pF between Pin 5 and ground, -55°C to +125°C for the LH0004, and O°C to +85°C for the LH0004C unless 
otherwise specified. 

I 
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Typical Performance 
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~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LH0005/LH0005A Operational Amplifier 

General Description 
The LH0005/LH0005A is a hybrid integrated cir
cuit operational amplifier employing thick film 
resistors and discrete silicon semiconductors in its 
design_ The select matching of the input pairs of 
transistors results in low input bias currents and il 
very low input offset current, both of which ex
hibit excellent temperature tracking_ In addition, 
the device features: 

• Very high output current capability: ±50 mA 
into a 100 ohm load 

, • Low standby power dissipation: typically 
60 mW at ±12V 

• High input resistance: typically 2M at 25°C 

• Full operating range: -55°C to +125°C 

• Good high frequency response: unity gain at 
30 MHz 

With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater_ By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees_ 

Schematic and Connection Diagrams 

IN.UTl 

INPUT FREQUENCY 
COMPENSATION 

10 • 

10K .. K 

"K 

OUTPUT FREQUENCY 
COMPENSATION • 

'K 

TOP VIEW 
nK 

L-__________ ~~-------4~~ Order Number LH0005H or LH0005AH 
See' Package H 1 00 

• GROUND 

Typical Applications 
Voltage Follower 

~-

Offset Balancing Circuit 
H-'. 

-Mav b. zero Dr IIqu.1 to the 
input resistlnce for minimum 
.n .... 

"To minimize erOI$OVII distortion 
It higher frequencies. M,y ba 
omitted for low frequlncy 
Ipplication or selected to suit 
design flqui,em.Ats 

-Typical value, Ha = lOOK. 
Ra mlY b. incread for .,uttr 
sensitivity with reduction in 
fin". 

·Previously called NHOOO5/NHOOO5A 

External Cunent Limiting 
~ 

·V f = Aver.g. fOM.rd voltage drop 
of diodes 0, to D41t approx. 
lmA. 

»'""""...,..f'ro ...... -OUTPUT 
For continuous short circuit 
protection (Vs " !12V. 
-55°C:C T /It,. ~ +100°&) 
RL1M ?50n 

Integrator with Bia. Current Compensation 
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Absolute Maximum Ratings 

Supply Voltage ±20V 

Power Dissipation (see Curve) 400mW 

Differential Input Voltage ±15V 
Input Voltage Equal to supply voltages 

Peak Load Current ±100 mA 

Storage Temperature Range _65°C to +150°C 

Operating Temperature Range -55°C to +125°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 1) 

LHOO05 LHOO05A 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX . 
Input Offset Voltage 

25°C Rs S lOOn 5 10 1 3 
-55°C, 125°C RsS lOon 10 ~ 

I nput Offset Current 
25°C to 125°C 10 20 2 5 
_55°C 25 75 10 25 

Input Bias Current 
25°C to 125°C 15 50 8 25 
-55°C 100 250 60 125 

Large Signal Voltage Gain 
_55°C to 25°C RL = 10K, R2= 3K, VOUT = ±5V 2 4 4 5,5 
125°C 1,5 3 3 5 

Output Voltage Swing 
_55°C to 125°C RL =10kn -10 +6 -10 +6 
25°C to 125°C RL = lOOn -5 +5 -5 +5 
_55°C RL = lOon -4 +4 -4 +4 

Input Resistance 
25°C 1 2 1 2 

Common Mode Rejection Ratio 
25°C VIN = ±4V, RS ~ lOOn 55 60 60 66 

Power Supply Rejection Ratio 
25°C 55 60 60 66 

Supply Current (+) 
-55°C to 125°C 3 5 3 5 

Supply Current (-) 
-55°C to 125°C 2 4 2 4 

Average Temperature Coefficient 
of Input Offset Voltage 

-55°C to 125°C RsS lOOn 20 10 

Output Resistance 
25°C 70 70 

Note 1: These specifications apply for pin 6 grounded, Vs = ±12V, with Resistor R1 = 200n in series 
with Capacitor Cl = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10 unless 
otherwise specified. 
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Guaranteed Performance Characteristics 
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SUPPLY VOLTAGE 11VI 

Typical Performance Characteristics 
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~National . 
~ Semiconductor 

Operational Amplifiers/Buffers 

LH0005C Operational Amplifier 
General Description 
The LH0005C is-a hybrid integrated circuit opera: 
tional amplifier employing. "thick film resistors 
and discrete silicon semiconductors in its design. 
The select matching of the input pairs of transis
tors results in low inpu-t bias currents and a very 
low' input offset current both of which exhibit 
excellent temperature tracking. In addition, the 
device features: 

• Very high output current capability: ±40 mA 
into a 100 ohm load . 

• Low standby power dissipation: typically 
60 mW at ±12V 

• High input resistance: typically 2M at 25° C 

Schematic and Connection Diagrams 
INPUT FREQUENCY 

COMPENSATION ... 
... 10K . 

". 

OUTPUT FREQUENCY 
COMPENSATION 

,. 

". 
L-__________ -+ __ ~--------~~. v-

Typical Applications 
Voltage Follo_r 

~. 

" In" .,.. 

• GROUND 

"To mlnllnll. ~'1IH1IYff dlslortlOll 
.t hlpH f"lIII.nclfS. M.y In: 
omitledtor lowtll~ency appI,
tltton or salICted IOlUlt dnlgn 
reQUllements. . 

Offset Balancing Circuit 

'Previously called NH0005C 

DUT'UY 

-TYPIC.I ,lIue., RI • lOOK, 
He. maY,be rncrUII. fOI pier 
RnSltlwily IMdI !Iduction In Ilnge.' 
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• Operating ranile: 0° to 85°C. 

• Good high frequency response: unity gain at 
30 MHz 

With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 

He 

TO' VIEW 

Order Number LHOOOSCH 
.See Package H10D 

External Current Limiting 

~ 

>'-"""'IV-......... -DurruT 

F., canttnu_, short CIRIIlt 
p,..tion IVs ·tI2V, 
"t~TA~1O"C 
RUM ~51U 

·VI & An,. fOrMrd voltlgl dID' 
at dints D1 to D. at .pprOle. 
, mA 

I ntegrotor With Bio. Current Compenaation 



Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (see Curve) 
Differential Input Voltage 
Input Voltage 
Peak Load Current 
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature (soldering, 10 sec) 

Electrical Characteristics 

PARAMETER 

Input Offset Voltage 

I nput Offset Current 

Input Bias Current 

Large Signal Voltage Gain 

Output Voltage Swing 

Input Resistance 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Supply Current (+) 

Supply Current (-) 

±20V 
400mW 

±15V 
Equal to supply voltages 

±100mA 
_55°C to +125°C 

O°C to 85°C 
300°C 

CONDITIONS 

RL = 10K, R2 = 3K, VOUT = ±5V 

RL = 10 k~2 
RL = lOOn 

LH0005C 

MIN TYP 
(Note 2) 

3 

5 

20 

2 5 

-10 
-4 ±6 

0.5 2 

50 60 

50 60 

3 

2 

Note 1: These specifications apply for pin 6 grounded, Vs = ±12V, with Resistor Rl = 200n in series 
with Capacitor Cl = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10, over the 
temperature range of 0° C to +850 C unless otherwise specified. 
Note 2: TYPical values are for 2SoC only_ 

1000 r-r-r-r-r-,--,-,.-r-ro 
goo H-+-++++-+-H-j 
800 "-ll'''-+-+- ++-+-+--\H--l 
100 H-lod-++-+-..L-H--l 
600 H--f--f''-I-+-+=,CA;:SE+-+--l 
500 H--f-+--+'~,.-t-+-+-+--l 
400 H-iol ..... ..+-+-t-''l-+-H-t 
::: H--f-F ..... :---+--f-+-H-t 

AMBIENT 
100 H\--f-'-r-.T-+--f-+-H-t 

oL-J----L-'--'---'--.L-...... '--''-' 
o 2S ~O 1!i 100 125 

TEMPERATURE I C) 

Maximum Power Dissipation 
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Operational Amplifiersl Buffers 

lH0021/lH0021C 1:0 Amp Power Operational Amplifier 
lH0041/lH0041C 0.2 Amp Power Operational Amplifier 
General Description 
The lH0021/lH0021C and lH0041/lH0041C are 
general purpose operational amplifiers ,capable of 
delivering large Output currents not usually asso
ciated with conventional IC Op Amps, The lH0021 
will provide output currents in excess of one 
ampere at voltage levels of ±12V; the lH0041 
delivers currents of 200 mA at voltage levels 
closely approaching the available power supplies. 
In addition, both the inputs and' outputs are pro
tected against overload. The devices are compen
sated with'a single external capacitor and are free 
of any unusual oscillation or latch-up problems. 

Features 

• Output c'urrent 1.0 Amp (lH0021) 
0.2 Amp (lH0041) 

• Output voltage swing ±12V into IOn (lH0021) 
±14V into lOOn (lH0041) 

• Wide full power bandwidth 

• low standby power 

• low in put offset 
voltage and current 

15 kHz 

100 mW at ± 15V 

1 mV and 20 nA 

Schematic and Connection Diagrams 

V+ ISC+ 

.------+-u COMP 

• High slew rate 

• High open loop gain 
3.0V//ls 

100 dB 

The excellent input characteristics and high out
put capability of the lH0021 make it an ideal 
choice for power applicatio'ns such as DC servos, 
capstan drivers, deflection yoke drivers, and pro
grammable power supplies. 

The lH0041 is particularly suited for applications 
such as torque driver for inertial guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, and programmable power supplies 
for automatic test equipment_ 

The lH0021 is supplied in a 8 pin TO-3 package 
rated at 20 watts with suitable heatsink_ The 
lH0041 is supplied in both 12 pin TO-8 (2.5 
watts with clip on heatsink) and a power 8 pin 
ceramic DIP (2 watts with suitable heatsink). The 
lH0021 and lH0041 are guaranteed over the 
temperature range of -55°C to +125°C while the 
lH0021C and lH0041C are guaranteed from -25°C 
to +B5u C . 

Order Number 
LH0021K or LH0021CK 

See Package K08A 

C (EXT) 3000 pF 

~--~~-JV~--+-~~)OUT 

V- ISC-

3·304 

DFFSET 
lIun 

Order Number 
LHOO41G or LH0041CG 

See Package H 128 

§ , ...... , 
v- III"Uf 

Nt 2 1 lruT 
GNO 3 5 OUTPUT 

V. 4 i COMP 

TDPvrEW 

Ordar Numbe, 
LH0041CJ 

See Package HY08A 



Absolute Maximum Ratings 

Supply Voltage ±18V 
Power Dissipation See curves 
Differential I nput Voltage ±30V 
Input Voltage (Note 1) ±ISV 
Peak Output Current (Note 2) LH00211LH0021C 2.0 Amps 

LH0041/LH0041C O.S Amps 
Output Short CircuIt Duration (Note 3) Continuous 
Operating Temperature Range LH0021/LH0041 -SSoC to +12SoC 

LH0021C/LH0041C _25°C to +8SoC 
Storage Temperature Range -6SoC to +IS0°C 
Lead Temperature (Soldering. 10 sec) 300°C 

DC Electrical Characteristics for LH0021/LH0021C (Note 4) 

LIMITS 
PARAMETER CONDITIONS lHOD21 LHOO]lC 

MIN TVP MAX MIN TVP 
Input Offset Voltage As < 100n. Te -' 25~C 10 30 30 

As < 100n 50 

Voltage Drtft with Temper,ature As < 100n 3 25 5 

Offset Voltage Dnft with Time 5 5 

Offset Voltage Change with Output Power 5 15 5 

Input Offset Currenl Te "" 25"C 30 100 50 
JOO 

Offset Current Dnft with Temperature 01 10 02 

Offset Current Drift with Time 2 2 

Input Bias Current Te '" 25"C 100 300 200 
10 

Input ReSistance Te = 25'C 03 10 03 10 

Input Capacitance 3 3 

Common Mode Rejection Ratio Rs < TOOn. !'!.VCM '" ~ lQV 70 90 70 90 

Input Voltage Range Vs '" ~ 15V '12 '12 

Power Supply RejectIOn Ratio As< 100ft f::.Vs '" "!10V 80 96 70 90 

Voltage Gam Vs'" tlSV,Vo =!10V 
AL'" 1 kH,Tc'= 2S"'C, 100 200 100 200 
Vs "" ~lSV, Vo:: :+10V 
Al = lOOn. 25 20 

Output Voltage SWing Vs:: ±15V. AL:: lOOn '13.5 14 '13 ! 14 

Vs:: ±lSV, AL :: lon, Tc:: 25°C '11 a '12 '10 112 

Output Short CirCUit Current Vs -= ±15V, Te '" 2S"C,Rsc = a sn DB 12 16 0.8 12 

Power Supply Current Vs - ±15V, VOUT :: 0 25 3.5 30 

Power Consumption Vs = tlSV. VOUT =·0 )5 105 90 

AC Electrical Characteristics for LH0021/LH0021C (TA=25°C, Vs=±1SV, Cc=3000pF) 

Slew Rate Av:: +1, RL :: lOOn 0.8 30 10 30 

Power BandWidth RL = 1O01l 20 20 

Small Signal TranSient Aespon~e 0.3 10 03 

Small Signal. Overshoot 5 20 10 

Settling Time (0.1%1 fl.V IN :: lOV, Av '" +1 4 4 

Overload Recovery Time 3 3 , 
Harmonic Distortion f = 1 kHz. Po = O.SW 02 0.2 

I"put Noise Voltage As = son, B.W. = 10 Hz to 10 kHz S 5 

Input Noise Current B.W. = 10 Hz to 10 kHz 0.05 0.05 
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DC Electrical Characteristics for LH0041/LH0041C (Note 4) 

LIMITS 
PARAMETER CONDITIONS LHOQ41 LH0041C UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Rs <.100n.TA - 2S'C 10 30 30 60 mV 

As< 10012 50 75 mV 

Voltage Drift with Tempprature Rs ~ lOOn 3 5 jJ.vl'c 
Offwt Voltage Drift with T rme 5 5 JJ.V/week 

Offset Voltagp Change with Output Power 15 15 IIV/watt 

Offset Voltag~ Adjustment Range (Note 5) 20 20 mV 

Input Ofts!"t Currpnt .T A - 25' C 30 100 50 200 nA 
300 500 nA 

Offset Current Drift with Temperature 01 10 0,2 1.0 nA/oC 

Offset Current Dnft with Time 2 2 nA/week 

Input Bras Current T" -" :?S"C 100 300 200 500 nA 
10 10 ~A 

Input ReSistance T A - 2S"C 03 1 0 0,3 1,0 Mil 

Input Cdpaclt3nCt' 3 3 pF 

Common Mode Rejection RatiO As <. lOOn. AVCM '" ±lOV 70 90 70 90 dB 

Input Voltagp Range V S "" !15V '12 ~ 12 V 

Power Supply Rejection RatiO As < 100ft. tJ.Vs '" .110V AO 96 70 90 dB 

Voltage Gam Vs'" t15V, Va '" ! lOV 
RL" 1 kil. T A" 25"C; 100 200 100 200 V/mV 

Vs "'±15V.Vo .. ±10V 

RL'" lOOn 25 20 V/mV 

Output Voltage Swmg Vs ~ ~ 15V. RL ~ 10012 t 13 0 14,0 !13.0 ±140 V 

Output Short CirCUit Current V.,=f15V.TA 25"C 200 300 ,00 300 mA 
INote 6) 

Power Supply Current Vs"" ::15V. V OUT '" 0 2,5 35 30 40, mA 

Power Consumption Vr, '" t15V. V OUT '= 0 75 105 90 120 mW 

AC Electrical Characteristics for LH0041/LH0041C (TA = 25°C, Vs=±15V, CC=3000pF) 

Slew Rate Av - +1, RL :: lOOn 1.5 30 10 30 V/SJ.s 

Power B.mdwldth RL'" lOOn 20 20 kHz 

Small Signal TranSient Response 0,3 1 0 0,3 1.5 ~s 

Small Signal Overshoot 5 20 10 30 % 

Settling Time W 1%1 6VI~':: lOV, Av "" +1 4 4 ~s 

Overload Recovery Time 3 3 ~s 

HarmOniC Distortion f.:: 1 kHz. Po':: O.5W 02 02 % 

Input NOise Voltage Rs'" SOH, B W .:: 10 Hz to 10 kHz 5 5 SJ.V/rms 

Input NOise Current B.W '= 10 Hz to 10 kHz 005 0,05 nA/rms 

Note 1: Rating applies for supply voltages above ± 15V. For supplies less than! 15V, rating IS equal to supply voltage. 

Note 2: Rating Applies for LH0041 G and LH0021 K With RSC = OU. 

Note 3: Rating applies as long as package power rating IS not exceeded. 

Note 4: Specification. apply for ±5V S Vs ±18V. and -55"C <: TC = ::; 125°C for LH0021 K and LH0041G. and _25°C <: 
TC S; +85°C for LH0021 CK. LH0041CG and LH0041CJ unless otherwise speCified, Typical values are for 25°C only, 

Note 5: TO-8 "G" packages only. 

Note 6: Rating applies for "J" DIP package and for TO-8 "G" package with RSC = 3.3 ohms, 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Cont'd) 

Input Current Input Voltage Range 
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Programmable One Amp Power Supply 
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Typical Applications (Cont'd) 
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Dual Tracking One Amp Power Supply 
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Two Way Intercom 

Power Comparator 
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CRT Deflection Yoke Driver 

Programmable High Current Source/Sink 
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DC Servo Amplifier 
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Auxiliary Circuits 

·1.AMI'S 

lH0021 Unity Gain Circuit with 
Short Circuit Limiting 

RI"'" 

loy • ~ ;f 

lH0041/lHOO21 Offset Voltage Null Circuit 
tlH0041CJ Pin Connections Shown'" 

lH0041G Unity Gain with 
Short Circuit Limiting 

lH0041G Offset Voltage Null Circuit" 

-111<.11001<11"<11/ 

-IGV<.V· ... _3&V 

Operation from Single Supplies 

Operation from Non·Symmetrical Supplies 

"For additional offset n~1I circui,t techniques see National Linear App.lications Handbook. 
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~National 
~ Semiconductor 

Operational AmplifiersJ Buffers 

LH00221LH0022C High Performance FET Op Amp 
LH00421LH0042C Low Cost FET Op Amp 
LH00521LH0052C Precision FET Op Amp 
General Description 
The LH0022/LH0042/LH0052 are a family of 
FET input operational amplifiers with very closely 
matched input characteristics, very high input 
impedance, and ultra·low input currents with no 
compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally 
laser nulled LH0052 offers 500 microvolts maxi· 
mum offset and 5/1V tc offset drift. I nput offset 
current is less than 500 femtoamps at room tem· 
perature and 500 pA maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable match ing characteristics. All de· 
vices in the family are internally compensated and 
are free of latch·up and unusual oscillation prob· 
lems. The devices may be offset' nulled with a 
single 10k trimpot with neglible effect in CMRR. 

The LH0022, LH0042 and LH0052 are specified 
for operation over the _55°C to +125°C military 
temperature range. The LH0022C, LH0042C and 
LH0052C are speci(ied for operation over the 
-25°C to +85°C temperature range. 

Features 
• Low input offset current-500 femtoamps max. 

(LH0052) 

Schematic and Connection Diagrams 

.... " <>-------J-.., 

'Previously Called NH0022/NHOO22C 
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" Low input offset drift- 5/1V I"c max (LH0052) 

.. Low input offset voltage - 100 microvolts-typ. 

D High open loop gain - 100 dB typo 

'" Excellent slew rate - 3.0 V //1s typo 

D Internal 6 dB/octave frequency compensation 

.. Pin compatible with standard IC op amps (TO·5 
package) 

The LH0022/LH0042/LH0052 family of IC op 
amps are intended to fulfill a wid~ variety of appli· 
cations for process control, medical instrumenta· 
tlon, and other systems requiring very low input 
currents .nd tightly matched' input offsets. The 
LH0052 i, paniculally suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer amplifiers. The LH0022 and 
LH0042 provide low cost high performance for 
such applications as electrometer and photocell 
amplification, pico·ammeters, and high input im· 
pedance buffers. 

Special electrical parameter selection and custom 
built circuits are available on special request. 

For additional application information and infor· 
mation on other National operational amplifiers, 
see Available Linear Applications Literature. 

Dual-In-Line Packa9~ 

N01 

nNe 

I~~~~l 3 12 rNOp~tNVERT 

NC' liNe 

v_ ~ 102~aET 

OFJ~~I 5 

Nt, B OUTPUT 

lCPVIEI'o 

Order Number LH0022D, 
LH0022CD, LH0042D, LH0042CD, 

LH0052D or LH0052CD 
See Package D14E 

Metal Can Package 
NO 

TOP VIEW 

Order Number LH0022H, LH0022CH, 
LH0042H,LH0042CH, 

LH0052H or LHOO52CH 
See Packago HOBA 
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Absolute Maximum Ratings 

Supply Voltage ±22V 
Power Dissipation (see graph) 500mW 
Input Voltage (Note 1) ±15V 
Differential Input Voltage (Note 2) ±30V 
Voltage Between Offset Null and V- ±O.5V 
Short Circuit Duration Continuous 
Operating Temperature Range \ 

LH0022, LH0042, LHOO52 -55°C to +125°C 
LHQ022C, LH0042C, LHOO52C _25°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (S.oldering, 10 sec) 300°C 

DC Electrical Characteristics for LH0022/LH0022C (Note 3) 

LIMITS 
PARAMETER CONOITIONS LHOO22 LHOO22C 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage As <:: 100 kl!; T A = 2S"C. 2.0 4.0 3.5 6.0 
Vs = ±lSV 

As <;; 100 kl!. Vs = ±lSV 5.0 70 
Temperature CoeffiCient of Rs <:: 100 kl! 5 10 5 15 

Input Offset Voltage 

Offset Voltage Orlft with Time 3 4 

Input Offset Current (Note 4) 0.2 2.0 1.0 50 

2.0 0.5 

Temperature CoeffiCient of Doublps every lOoe Doubles every WoC 
Input Offset Current 

Offset Current Drift With Time 0.1 0.1 

Input Bias Current (Note 4) 5 10 10 25 

10 2.5 

Temperature CoeffiCient of Doubles every lOoe Doubles every 10°C 
Input Bias Current 

Differential Input ReSistance 101:? 1012 

Common Mode Input ReSistance 1012 1012 

Input Capacitance 40 4.0 

Input Voltage Range Vs =- ±15V , 12 '13.5 '12 '135 

Common Mode Rejection RatiO Rs 5:10kH, V IN : ~10V SO 90 70 90 

Supply Voltage Rejection RatiO Rs';;lOkH.'5V~Vs<::'15V SO 90 70 90 

Large Signal Voltage Gam RL = 2 kH, VOUT =- :tlOV, 100 200 75 160 , TA = 25°C, Vs:: :t15V 

RL'" 2 kr2, VOUT = ±lOV, 50 50 
Vs = ±15V 

Output Voltage SWing RL = 1 kn, TA =- 25°C, .tl0 '125 ±10 ±12 
Vs=:tlSV 

RL = 2 kr2, Vs::: ±15V :t1O ±10 

Output Curre,nt SWing VOUT '" ±10V, TA = 25°C , 10 ±15 :tl0 ±15 

Output ReSistance 75 75 

Output Short CirCUit Current 25 25 

Supply Current Vs= ±15V 2.0 2.5 2.4 2.S 

Power Consumption Vs =±15V 75· S5 
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DC Electrical Characteristics for LH0042/LH0042C (Note 3) 

Limits 

Parameter Conditions LH0042 LH0042C 

Min. Typ. Max. Min. Typ. Max. 
Input Offset Voltage As" 100kll 5.0 20 6.0 20 

Temperature Coefficient of As" 100kQ 5.0 10 
Input Offset Voltage 

Offset Voltage Drift with Time 7.0 10 

Input Offset Current (Note 4) 1.0 5.0 2.0 10 

Temperature Coefficient of Doubles every lODe Doubles every 100e 
Input Offset Current 

I I I I 
Offset Current Drift with Time 0.1 0.1 

Input Bias Current (Note 4) 10 25 15 50 

Temperature Coeffleient of Doubles every 100 e Doubles every 19°C 
Input Bias Current 

Differential Input Resistance 1012 1012 
I 

Common Mode Input Resistance 1012 1012 

Input Capacitance 4.0 4.0 

Input Voltage Range ",12 ±13.S ±12 ±13.5 

Common Mode Rejection Ratio Rs.!S; 10kQ, VIN = ±1OV 70 86 70 80 

Supply Voltage Aejectlon Aatio As'" 10kll, ±5V .. Vs" ±t5V 70 86 70 80 

Large Signal Voltage Gain Rs.oS; 2kQ, VOUT =±10V 50 150 25 100 

Output Voltage Swing AL=lkll, TA=25'C ±10 :1.12.5 ±10 ±12 
AL=2kQ ±10 ±10 

Output Current Swing VOUT = ;tl0V ±10 ±15 ±10 ±15 

Output Resistance 75 75 

Output Short Circuit Current 20 20 

Supply Current 2.5 3.5 2.8 4.0 

.- Power Consumption 105 120 

, DC Electrical Characteristics For LH0052/LH0052C (Note 3) 

Limits 

Parameter Conditions LH0052 LHOO52C 

Min. Typ. Max. Min. Typ. Max. 

Input Offset. Voltage As < 100kQ, Vs = +15V 0.1 0.5 0.2 1.0 
TA=25'C 
As < 100 kQ, Vs = ±15V 1.0 1.5 

Temperature Coefficient of As'" 100kQ, Vs=±15V 2.0 5.0 5.0 10 
Input Offset Voltage 

Offset Voltage Drift with Time 2.0 4.0 

Input Offset Current (Note 4) 0.01 5.0 0.02 1.0 
500 100 

Temperature Coefficient of Doubles every 10°C Doubles every 100e 
Input Offset Current 

Offset Current Drift with Time <0.1 <0.1 

Input Bias Current (Note 4) 0.5 2.5 1.0 5.0 
2.5 0.5 

Temperature Coefficient of Doubles every 10°C Doubles every 10°C 
Input Bias Current 

Differential Input Resistance 1012 
1012

1 Common Mode Input Resistance 1012 1012 

Input Capacitance 4.0 4.0 

Input Voltage Range Vs= ±15V ±12 ±13.5 ±12 ±13.S 

Common Mode Rejection Ratio Rs.:oS; 10kQ, V1N = ±10V 74 90 70 90 

Supply Voltage Rejection Ratio As.:oS; 10kQ, ±5V.:oS; Vs.:oS; ±15V 74 90 70 90 

Large Signal Voltage Gain AL=2KIl, Your = ±10V 100 200 75 160 
Vs=±15V, TA=25·C 

AL=2kll, Vour=±10V 50 50 
Vs=±15V 

Output Voltage Swing RL =lkQ, TA = 25°C ±10 ±12.5 ±10 ±12 
Vs=±15V 

RL=2kll, Vs=±15V ±10 ±10 

Output Current Swing VOUT = ±10V, tA = 25°C ±10 ±15 ±10 ±15 

Output Resistance ,75 75 

Output Short Circuit Current 25 25 

Supply Current Vs=±15V 3.0 3.5 3.0 3.8 

Power Consumption Vs=±1SV 105 114 
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AC Electrical Characteristics For all amplifiers (TA = 25°C, Vs = ±15V) 

LIMITS 

PARAMETER CONDITIONS LH0022142152 LH0022CI42C152C 

MIN TYP MAX MIN TYP 

SleI.'Y Rate Voltage Follower 1.5 3.0 1.0 ·3.0 

large Signal Bandwidth Voltage Follower 40 40 

Small Signal Bandwidth 1.0 1.0 

Rise Time 0.3 1.5 0.3 

Overshoot 10 30 15 

Settling Time (0.1 %) tNIN := tOV 4.5 4.5 

Overload Recovery 4.0 4.0 

Input Noise Voltage As'" 10 k!l. fo = 10 Hz ISO 150 

Input Noise Voltage Rs= 10kU,fo = 100Hz 55 55 

Input Noise Voltage Rs = 10 kn. fo =- 1 kHz 35 35 

Input NOise Voltage Rs= lOkn,fo =10kHz 30 30 

Input Noise Voltage BW = 10 Hz to 10 kHz, Rs = 10 kn 12 12 

• Input Noise Current BW == 10 Hz to 10 kHz <.1 <.1 

Note 1: For supply voltages less than :t15'V, the absolute maximum input voltage IS equal to the supply voltage. 
Note 2: Rating applies for minimum source resistance of 10 kn., for source resistances less than 10 kn, maximum differential 
input voltage is ±5V . 
Note 3: Unless otherWise specified, these specifieations apply for !5V" VS" ±20V and -55<> C" T A';;; ±125°C for thfi! 
LH0022 and lHOO52 and ·25°C';; T A'-;:: +85"C for the LH0022C and LH0052C Typical values are given for T A""'" 25"C. 

Note 4: Inpu't currents are a strong function of temperature. Due to high speed testing they are specified a Junction temperature 
T; '" 25" C, self heating will cause an increase In current in manual tests. 

,Auxiliary Circuits (Shown for TO-5 pin out) y. 

y. 

OUTPUT 
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40 
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"' % 

"' 
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nVI$. 
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pArms 

OUTPUT 

y-

Note All dlodesi/re ulll' lowvl~akagr V-

Offset Null Protecting Inputs From! 150V Transients 

OUTPUl 

L...---.... ---4 .... -oy-

Boosting Output Drive to ± 100 mA 

Typical Applications 
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Typical Applications (COnt'd) 
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Picoamp Amplifier for pH Meters 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Cont'd)' 
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~National Operational Amplifiers/Buffers 
~ Semiconductor 

LHOO241LH0024C High Slew Rate Operational 
Amplifier 

General Description 
The LH0024/LH0024C is a very wide bandwidth, 
high slew rate operational amplifier intended to 
fulfill a wide var.iety of high speed applications 
such as buffers to A to 0 and 0 to A converters 
and high speed comparators. The device exhibits. 
useful gain in excess of SO MHz making it possible 
to use in video applications requ iring higher gain 
accuracy than is usually associated with such 
~mplifiers., 

Features 
• Very high slew rate - SOO V/iJ.s at Av = +1 
• Wide small signal bandwidth - 70 MHz 
• Wide large signal bandwidth - lS MHz 
• High output swing - ±12V into 1K 

• Offset null with single pot 
• Low input offset - 2 mV 
• Pin compatible with standard IC op amps 

The LH0024/LH0024C's combination of wide 
bandwidth and high slew rate make it an ideal 
choice for a variety of high speed applications 
includlng active filters, oscillators, and compara· 
tors as well as many high speed general purpose 
applications. ' 

The LH0024 is guaranteed. over the temperature 
range -SSoC to +12SoC; whereas the' LH0024C 
is guaranteed -2SoC to +8SoC. 

Schematic and Connection Diagrams 
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Typical Applications 
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Metal Can Package 

NOli. Fe, hHt sink ..
Thennllloy 22311·5 dnll. 

Order Number LH0024H or LH0024CH 
See Package HOaS 
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Absolute Maximum Ratings 

Supply Voltage 
Input Voltage 
Differential Input Voltage 
Power Dissipation 
Operating Temperature Range LH0024 

LH0024C 
. Storage Temperature Range 

Lead Temperature (Soldering, 10 secl 

±18V 
Equal to Supply 

±5V 
SOOmW 

_55°C to +125°C 
_25°C to +85°C 

-S5°C to +150°C 
300°C 

DC Electrical Characteristics (Note 1) 

LH0024 
PARAMETER CONDITIONS 

MIN TYP 

Input Offset Voltage Rs = 50n. T A = 25°<; 2.0 
Rs = 50n 

Average Temperature Vs = ±15V. Rs = son -20 
Coefficient of .I nput -5SoC to 12SoC 
Offset Voltage 

Input Offset Current T A ~ 25°C 2.0 

Input Bias Current .TA = 25°C 15 

Supply Current 12.5 

Large Signal Voltage Vs = ±15V. RL = 1k. T A = 2SoC 4 S 
Gain Vs = ±15V. RL = 1k 3 

Input Voltage Range Vs=±lSV ±12 ±13 

Output Voltage Vs = ±l!;'V. RL = lk. T A = 2Soc ±12 ±13 
Swing Vs = ±15V. RL = 1k ±10 

Slew Rate Vs = ±15V. RL = 1k. 400 500 
C, = C2 = 30 pF 
Av = +1. T A = 25°C 

Common Mode Vs = ±15V. tW,N = ±10V SO 
Rejection Ratio Rs = 50n 

Power Supply ±5V ~VS~ ±lBV SO 
Rejection Ratio Rs = 50n 

LH0024C 
UNITS 

MAX MIN TYP MAX 

4.0 5.0 8.0 mV 
S.O 10.0 mV 

-25 P'V;OC 

S.O 4.0 15.0 p.A 
10.0 20.0 p.A 

30 18 40 p.A 
40 SO p.A 

15 12.5 15 mA 

3 4 V/mV 
2.S V/mV 

±12 ±13 V 

±10 ±13 V 
±10 V 

250 400 V/p.s 

SO dB 

SO dB 

Not. 1: These specifications apply for Vs = ,15V and _55°C to +1250 C for the LH0024 and -25°C to +85.oC for the LH0024C. 

Frequency Compensation Circuit 
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Typical Performance Characteristics 
Large Signal Frequency Open Loop Frequency 

Maximum Power Dissipation I Response \ Response 

100 25 80 
r'\.. Vs= !15 

100 -. Rio -a 
190'C/W :! 20 T ... " 2S C z 600 \ 60 

f"... " CASE 
.. '\ ·0 

~ 
:!! 

~500 
AMBIENT' " 

15 z 

=400 
w ~ 40 .. w c; 

I" I" ~ 10' 
.. 

ffi 300 

l~ 
0 ~ ~ ~ 2S0'C/W > Vs" ~t5y 0 

~ 200 ~ Cl'C2'30pF 
> 2D 

5 
100 ~ Rio" lK 

Av'+:!-,~ II 
0 0 0 

0 25 50 15 100 125 150 ' 10K lOOK 1M 10M 100M IDle ll1D1c 1M 10M 100M 

TEMPERATURE I'C) FREQUENCY IH.I FREQUENCY IH., 

Voltage Follower Pulse Input Voltage .. Supply 
Response Voltage Output Voltage Swing 

20 20 
Vs ",d5 Cl'C2'30pF Rl"1K 

I-- T,.· 2S'C_ I-_~"'K ;; TA " 25 C 
;; Av " +1 

15 ~ 15 
=+10 .. .. z .. 
~ +5 ~ 

~ w 
0 .. 10 10 > 

i ~ V t- O 
~ V 5 V :0 -5 

~ 
0 

0 5 5 
V -10 !! 

0 0 
0 100 200 300 400 500 0 5 10 15 20 0 5 10 15 20 

, 
TIME 'nsl SUPPLY VOLTAGE I,VI SUPPLY VOLTAGE I,VI 

Supply Current vs Supply 
Voltage Input Bias Current vs~Voltage 

14 

T'I'-5S' C 

25 

r-r!.-sJ C r-- r-
13 

..... 1 l20 ;;: ~ 1"- 1 1 E /' J..-t '+2SOC 
... 

;- 12 I-- t- ill t'+~5 C ~ 
. I' 1 '" 15 t-t-

'" 11 ~ 
B I 1 ~ 10 I- . ~":125 c-.. t->-

71125
',-

;;; 

~ 
10 

I' t-
~ gIL .. 
!! 5 

'1 I I I 
8 0 I I I 

4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE ItVI SUPPLY VOLTAGE I,VI 

Applications Information 
1. Layout Considerations -1, C3 may require adjustment in order to per-

The LH0024/LH0024C,like most high speed cir-
fectly cancel the input capacitance of the dev ice. 

cuitry, is sensitive to layout and stray capacitance. When operating the LH0024/LH0024C at a gain 
Power supplies should be by-passed as near the of +1; the value of R 1 should be at least 1 K ohm. 

. device as is practicable with at least .01 p.F disc The case of the LH0024 is electrically. isolated from 
type capacitors. Compensating capacitors should the circu it; hence, it may be advantageous to drive 
also be placed as close to device as possible. the case in order to minimize stray capacitances. , 
2. Compensation Recommendations 3. Heat Sinking 

Compensation schemes recommended in Table 1 The LH0024/LH0024C is specified for operation 
work well under typical conditions. However; poor without the use of an explicit heat sink. However, 
layout and long lead lengths can degrade the per- internal power dissipation does cause a significant 
formance of the LH0024 or cause the dev.ice to temperature rise. Improved offset voltage drift 
oscillate. Slight adjustments in the values for can be qbtained by limiting the temperature rise 
C1, C2, and C3 may be nece::sary for. a given with a clip-on heat'sink such as the Thermalloy 
layout. I n particular, when operating at a gain of 22288 or equivalent. 

3-320 



~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LH0032/LH0032C Ultra Fast FET 
Operational Amplifier 

General Description 
The LH0032/LH0032C is a high slew rate, high input im· 
pedance differential operational amplifier suitable for 
diverse application in fast signal handling. The high al· 
lowable differential input voltage, ease of output clamp· 
ing, and high output drive capability particularly suit it 
for comparator applications. It may be used in applica· 
tions normally reserved for video amplifiers allowing the 
use of operational gain setting and frequency response 
shaping into the megahertz region. 

Features 
• 500V/).ts slew rate 

• 70MHz bandwidth 
• 1012Q input impedance 

Schematic and Connection Diagrams 
V" " 

R1 ., 

BALANCE/{ 
COMPENSATION 4 

~--~--~--4-~ 

INVERT ""-"--, ~..-
INPUT rl-_ ..... _I_ 

Q' 

• 5mV max. input offset voltage 

• FET input 
• Offset null with Single pot 

• No compensation for gains above 50 

• Peak output current to 100 mA 

The LH0032's wide bandwidth, high input impedance 
and high output capacity make it an ideal choice for ap· 
plications such as summing amplifiers in high speed D 
to A's, buffers in data acquisition systems, and sample 
and hold circuits. Additional applications include high 
speed Integrators and video amplifiers. The LH0032 is 
guaranteed over the temperature range -55°C to +125°C 
and the LH0032C is guaranteed from -25°C to +85°C. 

.3 
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OUTPUT 
COMPENSATION 

Ne 
TOP VIEW 
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Order Number LH0032G or LH0032CG 
See NS Package H12B 

r
::t: 
o o 
~ 
r-
::t: 
8 
(,.) 
N o 



.... 
Absolute Maximum Ratings I 

Supply Voltage, Vs ±18V 
Input Voltage, VIN ±Vs 
Differential Input Voltage ±30y or ±2Vs \ 
Power Dissipation, Po 

TA=25°C 1.5W, derate 100°C/W to 125°C (Note 1) 
Tc=25°C 2.2W, derate 70°C/W to 125°C (Note 1) 

Operating Temperature Range, TA 
LH0032G -55°C to +125°C 
LH0032CG -25°Cto+85°C 

Operating Junction Temperature, TJ 175°C 
Storage Temperature Range -65°C to + 150°C 
Lead Temperature (soldering, 10 seconds) 300°C 

DC Electrical Characteristics Vs=±15V, TMIN';; TA .;; TMAX unless otherwise noted 

Parameter Test Conditions 
LHOO32G LHOO32CG 

Units 
Min. Typ. Max. Min. Typ. Max. . , 

Vos Input Offset Voltage TA=TJ =25°C (Note 2) 2 5 2 15 mV 
10 20 

INos/AT Average Offset 
Voltage Drift 25 25 jJV/oC 

los Input Offset Current TJ - 25°C (Note 2) 25 50 pA 
VIN=O TA=25°C (Note 3) 250 500 pA 

TJ=TA=TMAX 25 5 nA 
Ie Input Bias Current TJ = 25°C (Note 2) 100 500 pA 

TA =25°C (Note 3) 1 5 nA 
TJ=TA=TMAX 50 15 nA 

VINCM Input Voltage Range ±10 ±12 ±10 ±12 V 

CMRR Common Mode 

Rejection Ratio AVIN=10V 50 60 50 60 dB 

AVOL Open·Loop Voltage Vo =±10V, f = 1 kHz I TJ =25°C 60 70 60 70 dB 
Gain RL=1kQ 57 57 

Vo Output Voltage Swing RL-1 kQ ±10 ±13.5 ±10 ±13 V 
Is Power Supply Current TJ=25°C, 10=0 18 20 20 22 mA 
PSRR Power Supply 

Rejection Ratio AVs =10V 50 60 50 60 dB 

AC Electrical Characteristics Vs=±15V, RL=1kQ, TJ=25°C 

Parameter Conditions Min. Typ. Max. Units 

SR Slew Rate ! Ay =+1 350 500 VIlAS 

ts Settling Time to 1 % of Final Value Ay =-1, AVIN=20V 
100 

ts Settling Time to 0.1% of Final Value 300 ns 
tR Small Signal Rise Time 

Av=+1; AVIN= 1V 
8 20 

to Small Signal Delay time 10 25 

Note 1: In order to limit maximum Junction temperature to +175°(;, It may be necessary to operate with Vs < ±15V when TA or Tc 
exceeds specific values depending on the Po within the device package. Total Po Is the sum of quiescent and load·related dissipation. 
See Applications Notes AN277, "Applications of Wide-Band Buffer Amplifiers" and AN253, "High-Speed Operational-Amplifier 
Applications" for a discussion of load-related power dissipation. ' 

Note 2: Specification Is at 25°C junction temperature due to requirements of hlgh·speed automatic testing. Actual values at operating 
temperature will exceed the value at TJ =25°C. When supply voltages are ±15V, no-load operating Junction temperature may rise 

. 4O-60°C above ambient and more under load conditions. Accordingly, Vos may change one to several mV, and Ie and los will change 
, Significantly during warm-up. Refer to Ie and los vs. temperature graph for expected values. 

Note 3: Measured In stili air 7'mlnutes after application of power. I 
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Typica'l Performance Characteristics 
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Typical Applications 
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Typical Applications (cont'd) 

High Speed Sample and Hold 
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Applications Information 

Power Supply Decoupling 

The LHOO32/l.:H0032C, like most high speed circuits, is 
sensitive to layout and stray capacitance. ,Power sup
plies should be by-passed as near to pins 10 and 12 as 
practicable with low Inductance capacitors such as 
0.01,..F disc ceramics. Compensation components 
should also be located close to the appropriate pins to 
minimize stray reactances . 

Input Current 

Because th~ input devices are FETs, the input bias cur
rent may be expected to double for each 11·C junction 
temperature rise_ This characteristic is plotted in the 
typical performance characteristics graphs. The device 
will self-heat due to internal power dissipation after ap
plication of power thus raising the FET junction tempera
ture 40-60·C above free-air ambient temperature when 
supplies are ±15V. The device temperature will stabilize 
within 5-10 minutes after application of power, and the in-, 
put bias currents measured at that time will be ,indicative 
of normal operatin'g currents. An additional rise would 
occur as power is delivered to,a load due to additional 
internal power dissipation. 

There is an additional effect on Input bias current as the 
input voltage Is changed. The effect, common to all 
FETs, is an avalanche-like increase in gate current as 
the FET gate-to-<lraln voltage is increased above a 
critical value depending on FET geometry and doping 
levels_ This effect will be noted as the Input voltage of 
the LH0032 Is taken below ground potential when the 
supplies are ±15V. All of the effects described here may 
be minimized by operating the device with Vs ~ ±15V. 

These effects are indicated in the typical performance 
curves. 

Input Capacitance 

The input capacitance to the LH0032/LH0032C is typi
cally 5 pF and thus may form a significant time constant 
with high value resistors. For optimum performance, the 
input capacitance to the Inverting input should be com
pensated by a small cap'acltor across the feedback resis
tor. The value is strongly dependent on layout and closed 
loop gain, but will typically be in the neighborhood of 
several picofarads. 

In the non-Inverting configuration, it may be advan
tageous to bootstrap the case andlor a guard conductor 
to the inverting input. This serves both to divert leakage 
currents away from the non-inverting input and to reduce 
the effective input capacitance. A unity gain follower so 
treate~ will have an input capacitance under a picofarad. 

Heat Sinking 

While the LH0032/LH0032C is specified for op~ration 
without any explicit heat sink, internal power dissipation 
does cause a significant temperature rise. Improved bias 
current performance can thus be obtained by limiting 
this temperature rise with a small heat sink such as the 
Thermalloy No. 2241 or equivalent. The case of the device 
has no internal connection, so it may be electrically con
nected to the sink if this is advantageous.1 Be aware, 
however, that this will affect the stray capacitances to 
all pins and may thus require adjustment of circuit com
pensation values. 

For additional applications information S88 Application 
Note AN-253_ 

( 
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~National Operational Amplifiers/Buffers 
~ Semiconductor 

LH0033/LH0033C, lH0063/lH0063C Fast and 
Damn Fast Buffer Amplifiers 

General Description 
The LH0033/LH0033C and LH0063/LH0063C are 
high speed, FET input, voltage follower/buffers 
designed to provide high current drive at fre
quencies from DC to over 100 MHz_ The LH0033/ 
LH0033C will provide ±10 mA into 1 kn loads 
(±100 mA peak) at slew rates of 1500V//is_ The 
LH0063/LH0063C will provide ±250 mA into 
son loads (±500 mA peak) at slew rates of up to 
6000V //is_ In addition, both exhibit excellent 
phase linearity up to 20 MHz_ 

B.oth are intended to fulfill a wide range of buffer 
applications such as high speed line drivers, video 
impedance transformation, nuclear instrumentation 
amplifiers, op amp isolatLon buffer for driving 
reactive loads and high impedance input buffers 
for high speed A to D's and comparators_ In 
addition, the LH0063/LH0063C can continuously 
drive 50n coaxial cables or be used as a diddle 
yoke driver for high resolution CRT displays_ For 
additional applications information, sce AN-48_ 

Advantages 
" Only +10V supply needed for 5 Vp_p video out 

" Speed does not degrade system p.erformance 

" Wide data rate range for phase encoded systems 

Connection Diagrams 

Metal Can Package 

Nt 

INPur--'-I---, 

OfFSET 
PRESET 

OffSET 
ADJUST 

DUTPUT-~----~ 

TOP VIEW 

" Output drive adequate for most loads 

.. Single pre-calibrated package 

Features 
" Damn fast (LH0063) 6000V//is 

Ii Wide range single or dual supply operation 

" Wide power bandwidth DC to 100 MHz 

II High output drive ±10V with 50n load 

.. Low phase non-linearity 2 degrees 

" Fast rise times 2 ns 

• High current gain' 120 dB 

.. High input resistance 1010 n 

These devices are constructed using specially 
selected junction F ET's and active laser trimming 
to, achieve guaranteed performance specifications_ 
The LH0033 and LH0063 are specified for opera
tion from -55°C to +125°C; whereas, the LH0033C 
and LH0063C are specified from -25° C to +85° C. 
The LH0033/LH0033C is aVailable in a 1.5W 
metal TO-8 package and a special 1/2 x 1 inch 8 
pin ceramic dual-in-line package while the LH0063/ 
LH0063C is available in a 5W 8-pin TO-3 package. 

Metal Can Package 
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TOP VIEW 
Order Number LH0033J or LH0033CJ 

See Packag. HYOBA 
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CASE IS ELECTRICAll Y 
ISOLATED 

CASE IS ELECTRICAll V 
ISOLATED 

Order Number LH0033G or LH0033CG 
See Package H12B 
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Order Number LH0063K or LH0063CK 
See Package K08A 
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Absolute Maximum Ratings 
Supply Voltage {v+ - V-I 40V Peak Output Current 
Maximum Power DISSipation (See Curves) LH00631LH0063C ±SOO mA 

LH00631LH0063C SW LH00331LH0033C ±250 mA 
LH00331LH0033C . 1.SW Operating Temperature Range 

Maximum Junction Temperature 175°C LH0033 and LH0063 -55°C to +125DC 
Input Voltage Equal to Supphes LH0033C and LH0063C -2So C to +8SoC 
Continuous Output Current Storage Temperature Range -6SoC to +150DC 

LH00631LH0063C ±250 rnA Lead Temperature (Soldenng. 10 sec) 300°C 
LH00331LH0033C ±100 mA 

DC Electrical Characteristics Vs = ±15 v, T MIN" T A" T MAX unless otherwise specified 

--
Limits 

Parameter Conditions LHOO33 LHOO33C Units 

Min. Typ. Max. Min. Typ. Max. 

Output Offset Rs = 100 Q, TJ = 25°C, VIN = OV 5.0 10 12 20 mV 
Voltage (see note 1) 

Rs=100Q 15 25 mV 

Average Temperature Rs=100Q, VIN=OV 50 50 ,NI·C 
Coefficient of 
Offset Voltage 

Input Bias VIN=OV TJ = 25·C (Note 1) 250 500 pA 
Current TA = 25°C (Note 2) 2.5 5.0 nA 

TJ=TA=TMAX 10 20 nA 

Voltage Gain Vo=±10V, Rs=100Q, RL=1.0kQ 0.97 0.98 1.00 0.96 0.98 1.00 VIV 

Input Impedance RL=1kQ 1010 1011 1010 '1011 Q 

Output Impedance VIN=±1.0V, RL=1.0k 6.0 10 6.0 10 Q 

Output Voltage V, =±14V, RL=1.0k ±12 ±12 V 
Swing VI =±10.5V, RL=100Q, TA=25°C ±9.0 ±9.0 V 

Supply Current VIN=OV 20 22 21 24 mA 

Power Consumption VIN=OV 600 660 630 720 mW 

Note 1 'is Note 2 of LH0032 

Note 2 is Note 3 of LH0032 
\ 

AC Electrical Characteristics Tc = 25°C, Vs=±15V, Rs=50Q, RL=1.0kQ 

Limits 

Parameter Conditions LHOO33 LHOO33C Units 

Min. Typ. Max. Min. Typ. Max. 

Slew Rate VIN=±10V 1000 1500 1000 1400 V/lls 

Bandwidth 
, 

VIN = 1.0V,ms 100 100 MHz 

Phase Non·Llnearlty 
I 

BW= 1.0 to 20MHz 2.0 2.0 degrees 

Rise Time AVIN =0.5V 2.9 3.2 ns 

Propagation Delay AVIN=0.5V 1.2 1.5 ns 

Harmonic Distortion f> 1 kHz <0.1 <0.1 % 

Nole 1: Specification is at 25·C junction temperature due to requirements of high·speed automatic testing. Actual values at operating 
temperature will exceed the value at TJ =25·C. When supply voltages are ±15V, no·load operating junction temperat~re may rise 
40-60·C above ambient and more under load conditions. Accordingly, Vos may change one to several mV, and Is will change signlfi-

. cantly during warm-up. Refer to Is vs. temperature. graph for expected values. 
Note 2: Measured in still air 7 minutes after application of power. 

1 
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DC Electrical Characteristics Vs = ±15V, TMIN "TA" TMAX unless otherwise specified 

Limits 

Parameter Conditions LH0063 LH0063C Units 

Min. Typ. Max. Min. Typ. Max. 

Output· Offset Rs " 100 kQ, TJ = 25°C 10 25 10 50 mV 
RL=100Q 100 100 mV 

Average Temperature Rs"; 100kQ 300 300 /AV/"C 
Coefficient of 
Output Offset 
Voltage 

Input Bias TJ=25°C 0.1 0.1 nA 
Current 10-5 5-5 

Voltage Gain VIN=:t10V, Rs" 100kQ, RL=1kQ 0.94 0.96 1.0 0.94 0.96 1.0 vl'v 
Voltage Gain VIN=:tl0V, Rs" 100kQ, RL=50Q, 0.92 0.93 0.98 0.91 0.93 0.98 VIV 

TJ=25°C 

Input Capacitance Case Shorted to Output 8.0 8.0 pF 

Output Impedance Vour=±10V, Rs" 100kQ, RL=50Q 1.0 4.0 1.0 4.0 Q 

Output Current VIN =:t10V, Rs" 100kQ 0.2 0.25 0.2 0.25 Amps 
Swing 

Output Voltage RL=50Q ±10 :t13 :t10 ±13 V 
Swing 

Output Voltage Vs = ±5.0V, RL = 50 12, TJ = 25°C 5.0 7.0 5.09 7.0 V 
Swing 

Supply Current TJ = 25°C, RL = 00, Vs = ±15 V 35 65 35 65 mA 

Supply Current Vs=±5.0V 50 50 mA 

Power Consumption TJ =25°C, RL=oo, Vs=±15V 1.05 1.95 1.05 1.95 W 

Power Consumption Vs =:l:5.0V 500 500 mW 

AC Electrical Characteristics LH0063/LH0063C (TJ = 25°C, Vs = ±15 V, Rs = 50 kQ, RL = 50 12) 

Limits 

Parameter Conditions LH0063 LH0063C Units 

Min. Typ. Max. Min. Typ. Max. 

Slew Rate RL=1.0kQ, VIN=±10V 6000 6000 VI/As 

Slew Rate RL=50Q, VIN=±10V, TJ=25°C 2000 2400 2000 2400 VI/As 

Bandwidth VIN = 1.0Vrms 200 200 MHz 

Phase Non-Linearity BW= 1.0 to 20MHz 2.0 2.0 degrees 

Rise Time AVIN =0.5V 1.6 1.9 ns 

Propagation Delay AVIN=0.5V 1.9 2.1 ns 

Harmonic Distortion <0.1 <0.1 % 

Note 1: Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, -15V applied to pins 9 and 10, and pin 
6 shorted to pin 7 for the LH0033/LH0033C. For the LH0063/LHOO63C, speclfllcations apply for +15 V applied to pins 1 and 2, -15 V applied 
to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a temperature range of -55°C" TJ " +125°C 
for the LH0033 and LH0063; and -25°C" TJ " +85°C for the LHOO33C and LH0063C. Typical values shown. are for TJ = 25°C. 

I 
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Typical Performance Characteristics (continued) 
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Application Hints 

Recommended Layout Precautions: RF/video 
printed circuit board layout rules should be fol
lowed when using the LH0033 and LH0063 since 
they will provide power gain to frequencies over 
100 MHz. Ground planes are recommended and 
power supplies should be decoupled at each device 
with low inductance capacitors. In addition, ground 
plane shielding may be extended to the metal case 
of the device since it is electrically isolated from 
internal circuitry. Alternatively the case should be 
connected to the output to minimize input capaci
tance. 

Offset Voltage Adjustment: Both the LH0033's 
and LH0063's offset voltages have been actively 
trimmed by laser to meet guaranteed specifications 
when the offset preset pin is shorted to the offset 
,adjust pin. This pre-calibration al!ows the devices 
to be used in most DC or AC applications without 
individually offset nulling each device. If offset 
null is desirable, it is simply obtained by leaving 
the offset preset pin open and connecting a trim 
pot of 1000 for the LH0033 or 1 kO for the 
LHOO63 between the offset adjust pin and V
as illustrated in Figures 1 and 2. 
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Applicati~ns Hints (Cont'd) 

Operation from Single or Asymmetrical Power 
Supplies: Both device types may be readily used 
in applications where symmetrical supplies are 
unavailable or not desirable. A typical application 
might be an interface to a MOS shift register 
where V+ = +5V and V- = -12V. In this case, 
an apparent output offset occurs due to the de
vice's voltage gain of less than unity. This additional 
output offset error may be predicted by: 

where: 
Av = No load voltage gain, typically .99 

V+ = Positive supply voltage 

V- = Negative supply voltage 

For the above example, /!,.Vo would be -35 mV. 
This may be adjusted to zero as, described in 
Section 2. For AC coupled applications, no addi
tional offset occurs if the DC input is properly 
bia~ed as illustrated in the "typical applications" 
section. 

Short Circuit Protection: In order to optimize 
transient response and output swing, output cur
rent I imit has been omitted from the LH0033 
and LH0063. Short circuit protection may be 
added by inserting appropriate value resistors 
between V+ and Vc + pins and V- and Vc - pins 

, y' 

INPUT 

R,,, 
,OD 

FIGURE 3. LHOO33 Using R.sistor Current Limiting 
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as illustrated in Figures 3 and 4. Resistor values 
may be predicted by: 

where: 

V+ V. 
RLiM ""- =--

Isc Isc 

Isc ~ .1 00 mA for LH0033 

Isc ~ 250 mA for LH0063 

The inclusion of limiting resistors in the collectors 
of the output transistors reduces output voltage 
swing. Decoupling Vc + and Vc - pins with ca
pacitors to ground, will retain full output swing 
for transient pulses. Alternate active current limit 
techniques that retain full DC output swing are 
shown in Figures 5, 6 and 7. In Figures 5 and 6, 
the current sources are saturated during normal 
operation thus apply full supply ,voltage to the 
Vc pillS. Under fault conditions; the voltage de
creases as required by the overload. For Figure 5: 

VeE .6V 
RLIM = - = -- = 10n 

Isc 60 mA 

In Figure 6, quad transistor arrays are ~sed to 
minimize can count and: 

VeE _6V 
RLiM = 1/3 (lse! = 1/3 (200 mAl = B.2n 

v' 

INPUT 

FIGURE 4. LH0063 Uling Resistor Current Limiting 



Applications Hints (Cont'd) 
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FIGURE 5~ LH0033 Current Limiting Using Current 
Sources 

INPUT 

FIGURE 6. LH0063 Current Limiting Using Current 
Sources' 

Capacitive loading: Both the lH0033 and lH0063 
are designed to drive capacitive loads such as co· 
axial cables in excess of several thousand picofarads 
without susceptibility to oscillation. However, 
peak current resulting from (C X dv Id,) should be 
limited below absolute maximum peak current 
ratings for the devices. 

and for the lH0063: 

(ll::N) X CL $ lOUT $ ±500 mA 

Thus for the lH0033: 

~ll~~N) X CL $ lOUT $ ±250 mA 
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Applications Hints (Cont'd) 

In addition, power dissipation r~sulting from 
driving capacitativ!1 loads plus standby power 
should be kept below total package power rating: 

Pdiss ;? (V+ -V-) X Is + PAC 
pkg 

where Vp •p = Peak·to·peak output voltage swing 

f = frequency 

CL = Load Capacitance 

Operation Within an Op Amp Loop: Both devices 
may be used as a current booster or isolation 
buffer within a closed loop with op amps such 
as LH0032, LHOO62, or LMl18. An isolation 

Schematic Diagrams 
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resistor of 47n should be used between the op 
amp output and the input of LHOO33. The wide 
bandwidths and high slew rates of the LHOO33 
and LH0063 assure that the loop has the charac
teristics of the op amp and that additional roll off 
is not required. 

Hardware: In order to utilize the full drive 
capabilities of both devices, each should be 
mounted with a heat sink particularly for ex
tended temperature operation. The cases of both 
are isolated from the circuit and may be con
nected to system chassis. 

ACHTUNGI 

Power supply bypassing is necessary to prevent 
oscillation with both the LH0033 and LH0063 in 
all circuits. Low inductance ceramic disc capacitors 
with the shortest practical lead' lengths must be 
connected from each supply lead (within < % to 
Yo" of the device package) to a ground plane. 
Capacitors should be one or two O.l/lF in parallel 
for the LH0033; adding a 4.7/lF solid tantalum 
capacitor will help in troublesome instances. For 
the LH0063, two O.l/lF ceramic and one 4.7/lF 
solid tantalum capacitors in parallel will be neces
sary on each supply lead. 
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Typical Applications 
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Typical Applications (Cont'd) 

Nucle., Particle Detector High Input Impedance AC Coupled Amplifier 
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Typical Applications (Cont'd) 
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~National Operational Amplifiers/Buffers 
~ Semiconductor 

LH0044 Series Precision Low Noise 
Operational Amplifiers 

General Description 

The LH0044 Series is a low noise, ultra-stable; high' gain, 
precision operational amplifier family intended to replace 
either chopper-stabilized monolithic or modular ampli
fiers_ The devices are particularly suited for differential 
mode, inverting, and non-inverting mode, applications 
requiring very low initial offset, low offset drift, very 
high gain, high CMRR, and high PSRR. In addition, 
the LH0044 Series' low initial offset and offset drift 
eliminate costly and time consuming null adjustments 
at the systems level. The superior performance afforded 
by the LH0044 Series is made possible by advanced 

, processing and testing techniques, as well as active 
laser trim of critical metal film resistors to minimize 
offset voltage and drift. Unique construction eliminates 
thermal feedback effects. 

The LH0044 Series is an excellent choice for a 'wide , 
range of precision applications including strain gauge
bridges, thermocouple amplifiers, and ultrastable refer
ence amplifiers. The LH0044 and LH0044A are 

guaranteed over the temperature range of -55°C to 
+125°C, and the L!-l0044AC, LH0044B, and LH0044C 
are guaranteed .from -25°C to +85°C_ The device is 
available in standard TO·5 op amp pin out and is 
compatible with LM108A, LM725, and LM741 type 
amplifiers. 

Features 

• Low input offset voltage 

• Excellent long-term stability 

• Low offset drift 

25/1V max 

±l/1V/month max 
0.5/1VfC max 

• Very low noise 0.7/lVp-p max O. T Hz to 10Hz 

• High CMRR and PSRR 120 dB min 

• High open loop gain 

• Wide common·mode range 
• Wide s\lpply voltage range 

120dBmin 

±13V min 
±2V to ±20V 

Equivalent Circuit and Connection Diagram 
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Metal Can Package 

COMP 
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TOP VIEW 
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Order Number LH0044H, 
LH0044AH, LH0044CH, LH0044ACH, 

LH0044SH 
See Package HOBS 



Absolute Maximum Ratings 
Supply Voltage ±20V Operating Temperature Range 
Power Dissipation 600mW LH0044, LH0044A -55°C to +12SoC 

Differential Input Voltage (Note 41 ±lV LH0044AC,LH0044B,LH0044C -2SoC to +8SoC 

Input Voltage (Note SI ±lSV Storage Temperature Range -6SoC to +lS0°C 

Output Short-Circuit Duration Continuous Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Note 1) 

LIMITS 

PARAMETER CONDITIONS LHOO44A/LHOO44AC LHOO44/LH0044B/LHOO44C UNITS 

MIN TYP MAX 

Input Offset Voltage TA = 25°C, As = son, VCM = OV 8 25 
LH0044C Only 

Input Offset Voltage As = son, VCM = OV 55 
LH0044A and LH0044B Only 75 

Average Input Offset Voltage Drift TMIN ~TA $TMAX 0.1 0.5 
LH0044B Only 

long-Term Stability (Note 21 0.2 1 

Input Noise Voltage (Note 3) BW = 0.1 Hz to 10Hz, As = son 0.35 0.7 
As = 10 kn Imbalance 0.50 0.9 

Thermal Feedback Coefficient 0.005 

Open Loop Voltage Gain AL = 10 kn 120 145 

Common-Mode Rejection Ratio -10V~VcM~+10V 120 145 

Power Supply Rejection Ratio ±3V ~ Vs ~ ±18V 120 145 

Input Voltage Range ±13 ±13.8 

Output Voltage Swing RL = 10kn ±13 ±13.7 

Input Offset Current 25°e~TA ~TMAX 1.0 2.5 
TMIN ~TA <25°C 5.0 

Average Input Offset Current Drift 5 40 

Input Bias Current 25°C~TA ~TMAX 8.5 15 
TMIN ~TA < 25°e 50 

Average Inp~t Bias Current Drift 50 300 

Differential Input Impedance 5 10 

Common·Mode Input Impedance 2 x 10" 

Supply Current IL = 0 0.9 .3.0 

Power Dissipation 27 90 

AC Electrical Characteristics T A = 25°C, Vs = ±15V 

PARAMETER 

Input Noise Voltage 

Slew Rate 

Large Signal Bandwidth 

Overload Recovery Time 

Small Signal Bandwidth 

Small Signal Rise Time 

Overshoot 

CONDITIONS 

Rs=l kn,fo =10Hz 
Rs = 1 kn, f 0 = 1 kHz 

Av = +1, RL = 10 kn, V ,N = ±10V 

Av = +1, RL = 10 kn. V,N = ±10V 

Av =+100,V'N =-100mV,Ll.V 'N = 200 mV 

Av =+1, RL = 10kn 

Av = +1, RL = 10 kn, V ,N = 10 mV 

Av = +1, RL = 10 kn, V ,N = 10 mV, e L = 100 pF 

MIN TYP MAX 

12 50 "V 
100 "V 

180 "V 
80 "V 

0.2 1.3 "vtc 
0.5 "vtc 

0.3 2 )lV/month 

0.35 0.8 p.Vp·p 
0.50 1.0 p.Vp·p 

0.005 p.V/mW 

114 140 d8 

114 140 . dB 

114 140 dB 

±12 ±13.5 V 

±12 ±13.5 V 

1.5 5.0 nA 
10.0 nA 

15 80 pAte 

10 30 nA 
100 nA 

100 600 pAte 

2.5 8 Mn 

2 X 10" n 

1.0 4.0 mA 

30 120 mW 

TYP UNITS 

11 nV/YHZ 
9 nV/vHz 

0.06 V/p.s 

1 kHz 

5 p.s 

400 kHz 

2.5 p.s 

10 % 

Note 1: All specifications apply for all device grades, at Vs = ±15V, and from TMIN to TMAX unless otherwise specified. TMIN is--5SoC and 
TMAX is +12SoC for the LH0044A and LH0044. TMIN is -2SoC and TMAX is +BSoC for the LH0044AC, LH0044B and LH0044C. Typicals are 
given for T A = 2So C. 

Note 2: This parameter is not 100% tested; however, 90% of the devices are guaranteed to meet this specification after one month of operation 
and after initial turn·on stabilization. 

Note 3: Noise is '100% tested on the LH0044A, LH0044AC and LH0044B only. 90% of the LH0044 and LH0044C devices are guaranteed to meet 
this specification. 

Note 4: The inputs are shunted by back-t~-back diodes for over-voltage protection. Excessive current will flow for differential input voltages in 
excess of lV. Input current should be limited to less than 1 rnA. 

Note 5: For supply voltages less than ±15V. the absolute maximum input voltage is equal to the supply vol~age. 
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Applications Information 

LOW DRIFT CONSIDERATIONS 

Achieving ultra·low drift in practical applications 
requires strict attention to board layout, thermocouple 
effects, and input guarding. For spe,cific recommendations 
refer to AN·63 and AN·79. 

A point worth stressing with regard to low drift specifica· 
tions is testing of the LH0044. Simply stated-it is 
virtually impossible to test the device using a thermo· 
probe or other form of local heating. A one degree 
centigrade temperature gradient can account for tens 
of microvolts of virtual offset (or drift). The test circuit 
of Figure 7 is recommended for use in a stabilized oven 
or continuously stirred oil bath with the entire circuit 
inside the oven or bath. Isothermal layout of the resistors 
is advised in order to minimize thermocouple induced 
EMF's. 

I 
r--.... ----<~~~tI5V 

.--------1--+,.,--,-, 

>'~~+_~~VOUT = 
I lDDOVos 

I 
+----+-~~-15V 

I 
I 

LDV-'-•. -_'-~-C-$T-A-S-"-"-'C---<~----4~~~ 
·WireoWound connrUC1Uln ITCR $10 pppf'C) EDGE -

CONNECTOR 

FIGURE 1. LH0044 Temperature Test Circuit 

OVER COMPENSATION 

The LH0044 may be overcompensated in order to 
minimize noise bandwidth by paralleling the internal 
100 pF capacitor with an external capacitor connected 
between pins 1 and 6. Unity gain frequency may be 
predicted by: 

4 X 10-5 

(Hzi f= 
100 pF + Cext pF 

Typical Applications 

R, 

Buffered Output for Heavy Loads 

YOUT 
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COMPENSATION 

For closed loop gains in excess of 10, no external com· 
ponents are required for frequency stability. However, 
for gains of 10 or less, a O.OlIlF disc capacitor is 
recommended between pin 7 (V+) and pin 8 (Comp). 
An improvement in ac PSR R will also be realized by 
use of the O.OlIlF capacitor. 

OFFSET NULL 

In general, further nulling of LH0044 is neither necessary 
nor recommended. For most applications the specified 
initial offset is sufficient. 

However, for those applications requlrmg additional 
null, an obvious temptation might be to place a pot 
between pins 1 and 8 with the wiper returned to V+. 
This technique will usually result in reduced gain and 
increased offset drift due to mismatch in the TCR of 
the pot and Rl and R2. The technique is, therefore, not 
generally recommended. 

The recommended technique for offset nulling the 
LH0044 is shown in Figure 2. Null is accomplished in 
A2 and all errors a~e divided by the closed loop gain of 
the LH0044. Additional offset and drift incurred due 
to use of A2 is less than 11lV IV for V+ and V- changes 
and O.OlIlV tc drift for the values shown in Figure 2. 

1M 

FIGURE 2. LH0044 Null Technique 

':" Glin: ~~2 ~L'0 3 {RI + R21 for YIN $IU mY 
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Typical Applications (Continued) 

17V 
MIN 4----:---.... ----"'20la::---o+15VOU'!UT 

~III-woundformirlimumdrift. 
Llne.nd 100d naulatiol\ $ D.DCl5% 

Vz IR2+Rl) 
VOUT" --.,-

leuT $IGDmA 

IOUT$IOOmA 

~--.....l!!6----o -15VOUTPUT 

Precision Dual Tracking Regulator 

., ., 
2 2.771 /1 '" 

., 
252.5 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

., 
16 252.5 ." 6.25k 

., " 15 2.771 /1 

" " 

+15V ., 
". D.'% 

C1 
o.ol~F 

eo'"1DV 

10V Reference Supply. 

OUTPUT 

All resistors ar. part of National's RA201 resistor array. 

OVERALL INPUT STAGE OUTPUT STAGE JUMPER PINS 
GAIN GAIN GAIN ON RA201 

XI Xl Xl -
X2 Xl X2 5t07,12t010 
X5 Xl X5 6t07.11t010 
X10 X10 Xl 2 to 15 
X20 X10 X2 2t015,5t07,12t010 
X50 X10 X5 2t015,6t07,11t010 
X100 X100 Xl 1 to 16 
X200 X100 X2 1 to 16. 5 to 7,12 to 10 
X500 X100 X5 , to16,6t07,11 tol0 
X995 X199 X5 1 t014.6t07, 11t010 

Precision Instrumentation Amplifier 
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Noise Test Circuit 
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~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LHOO451LH0045C Two Wire Transmitter 

General Description 

The LH0045!LH0045C Two Wire Transmitters 
are linear integrated circuits designed to convert 
the voltage from a sensor to a current, and send 
it through to a receiver, utilizing the same simple 
twisted pair as the supply voltage. 

The LH0045 and LH0045C contain an internal 
reference designed to power the sensor bridge, 
a sensitive input amplifier, and an output current 
source. The output current scale can be adjusted 
to match the industry standards of 4.0 mA to 
20 mA or 10 mA to 50 mAo 

Designed for use with various sensors, the LH0045! 
LH0045C will interface with thermocouples, strain 
gauges, or thermistors. The use of the power 
supply leads as the signal output elim inates two 
or three extra' wires in remote signal applications. 
Also, current output minimizes susceptibility to 
voltage noise spikes and eliminates line, drop 
problems. 

Features 

• High sensitivity 

• Lovv input offset vol tage . 

• Low input bias cu rrent 

• Single supply operation 

.' Programmable bridge reference 
(LH0045G) 

> 10/1A!/1V 

1.0 mV 

2.0 nA 

10V to 50V 

5.0V to 30V 

• 'Non-interactive span and null adjust 

• Over compensation capability 

• Supply reversal protection 

The LH0045!LH0045C is intended to fulfill a wide 
variety of proces's control, instrumentation, and 
data acquisition applications. The LH0045 is 

, guaranteed over the temperature range of -55°C 'to 
,+125°C; whereas the LH0045C is guaranteed from 
-25°C to +85°C. 

Equivalent Schematic and Connection Diagrams 

R4 

NON IN~NE::'T~~~ o.!!""--""'''II·~--l 

.5 
" 'Ok 

R9 

:E~~~: o!.--.J\I;,..,.--+-...... ---'-+-~ .... .J\;''V''.....,:.-O 

"NOTE PINS SHOWN ARE FOR THE 
I~PIN TO I ("G'"'PACKAGE. 

OVER 
COMPENSATION 

COMMON 
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8RIOGE 
RETURN 

Nt 

'V",,\ ADJUST _ 

INVERTING 
INPUTH 

,NON INVERTING 
INPUT(+\ 

OVER 
COMPENSATION 

TOP VIEW 
'NOTE PIN 51SSHQRTED TO PIN6 TO OBTAIN A 
NOMINAl'S IV, VRH LEFT OPEN VRU - +IDV 

Tllf CASE IS ISOLATED FROM THE CIRCUIT 
FOR80THTOlANOTDI 

Order Number LH0045G or LH0045CG 
See Package H12B 

TO-3 

Order Number LH0045K or LH0045CK 
See Package KOBA 



Absolute Maximum Ratings 

Supply Voltage (ll to common) +50V 

Input Current ±20 rnA 

Input Voltage (Either Input to Common) OV to V REF 
Differential Input Voltage ±20 V 

Output Current (Either L 1 or L2) 50{T1A 

Reference Output Current 5.0 rnA 

Power Dissipation 

LH0045G 1.5W 

LH0045K 3.0W 

Operating Temperature Range 

LH0045 -55°C to +125°C _ 

LH0045C -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

EleCtrical Characteristics (Note 1) 

LIMITS 

PARAMETER CONDITIONS LHOO4S LHOO4SC UNITS 

MIN TVP MAX -MIN TVP MAX 

Input Offset Voltage (Vas) Is • 4.0 mAo T A = 25°C 0.7 2.0 2.0 7.5 mV 
Is = 4.0mA 3.0 10 mV 

Offset Voltage Temperature Is = 4.0mA 3.0 6.0 ~Vt'C 
Co.ffici.nt (aVos/aT) 

Input Bias Current (Ie) TA = 25°C 0.8 2.0 1.5 7.0 nA 
3.0 10 nA 

Input Offset Current (los) TA = 2S"C 0.05 0.2 0.2 1.0 nA 
0.4 1.5 nA 

Open Loop als = 4.0 mA to 20 mA 10" 10' 10· 10' ~U 
Transconductance (9MOd als = 10mAtoSOmA 2)(106 2x10' 2.10" 2x107 ~U 

Supply Voltage Range (Vs ) 9.0 50 9.0 50 V 
LH004SG pins 5 and 6 open 15 50 15 50 V 

Input Voltage Range (V IN) 1.0 3.3 1.0 3.3 V 
LH004SG pins 5 and 6 open 1.0 7.6 1.0 7.6 V 

Open Loop Output Vs = lOV to 45V. Is = 4.0 rnA, 1.0 1.0 Mn 
Impedance (ROUT I 'TA =25°C 

Common Mode Aejection aV'N = 1.0V to 3.3V. 0.1 0.05 0.1 0.05 mV/v 
Ratio (CMRR) Is = 12mA 

Power Supply Rejection avs = 10V to 45V. Is = 12 mA 0.1 0.01 0.1 0,01 mV/v 
Ratio (PSRR) 

Open Loop Supply Current Vs = SOV 2.0 3.0 2.0 3.0 mA 
Usod 

Reference Voltage load AI REF = 0 rnA to 2.0 rnA. 0.05 0.2 0.05 0.2 % 
Regulation 'AVREF/~IREf) TA = 25"C 

Reference Voltage Line avs = 10V to 4SV. 0.3 0.5 0.3 0.7 mV/V 
Regulation (aVREF/aVs ) TA = 25"C 

Reference Voltage Temperature IREF = 2.0mA 0.004 0.004 %t'C 
Coefficient (.6.VREF /.6.T) 

Reference Voltage (VAEFI IREF ::: 2.0 mAt TA ::: 25°C 4.3 5.1 5.9 4.3 5.1 5.9 V 

IREF 0:: 2.0 mAt TA = 25°C. 8.~ 10.3 12 8.6 10.3 12 V 
LHOO45G pins 5 and 6 open 

Resistor R9 Is = 12mA. TA = 2S"C 95 100 105 95 100 105 rz 
Average Temperature Is" 12mA 50 JOO 50 JOO PPM/"C 
Coefficient of R9 (TCR.) 

Resistor RS Is ::: 1.0 mA, T A ::: 2SoC 950 1000 1050 950 1000 1050 n 

Average Temperature Is = 1.0mA 50 JOO 50 300 PPMt'C 
Coefficient of RS (TCR.) 

Input Resistance (R IN ) TA = 2SoC 50 50 Mn 

Note 1: Unless otherwise specified, these specifications apply for +10V S; VS.S; +50V, pin 5 shoned to pin 6 on the LH0045G, 
over the temperature range --55°C to +125°C far the_ LH0045 and -25°C to +85"C far the LH0045C. 
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Typical Performance Characteristics 
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Typical Applications 

INU' I. .. I.OM 

L_ .J 
COLOJUNtTlOIll '----<~---..... 
COMPUSATION 

FOR I"A FULL SCALE, R ... = VlN/lpA' SOURCE IMPEDANCE llPirtn 
1"VIN IFULlSCALEJ·,III11V,R1N ·,Dk 
BRIDGE .MPEDANCE ~ IUt. R· lOt; - 0 ... • Uk 

1.00AIFULLSCALEI 

Thermocouple Input Transmitter 
151VI 

D%~ -Cl4V 
100%--2.DV 

Ay • IZ.~:i~~201 '1100 

'., J,R4-'-FULLSCALE 

Resistance Bridge Input Transmitter 

Electronic Temperatura Sensor 

Clio 

4.0IllA-Q%-rc 
2O .... -101l%·,OII"C. 

L_ .J 
COLO,UICTIDII 
CGMPENSATION 

I.IM 

L-~~~-+---SP-A.~I~ 

--[g R, .. 
+ -

DVM 

IQCIr; D.2IiV.zs.c 
I.2SV-UI"C 

Remote Sensing Digital Thermomater 

·Pin numbers refer to 'G' package. All voltages indicated by ( I are measured with respect to common, pin 3. 
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Typical Applications (Cont'd) 
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.' 100% ~ -2 OV Il1~AI 

*Pin numbers refer to 'G' package. All voltages indicated bV ( ) are measured with respect to common. pin 3. 

Instrumentation Amplifier Transmitter 

Applications Information 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045fLH0045C 
is shown in Figure 1. Differential amplifier, A2 
converts very low level signals to an output current 
via transistor 01. Reference voltage diode 01 is 
used to supply voltage for operation of A2 and· 
to bias an external bridge. Current source 11 
minimizes fluctuation in the ·bridge re'ference 
voltage due to changes in Vs. 

In normal operation, the LH0045/LH0045C is 
used in conjunction with an external bridge 
comprised of R S 1 through RB4 . The bridge 
resistors in conjunction with.bridge return resistor, 
R5, bias A2 in its linear region and sense the input 
signal; e.g. RS4 ,might b~ a strain sensitive resistor 
in a strain gauge bridge. RT is adjusted to purposely 
unbalance the bridge for 4.0 mA output (null) 
for zero signal input. This is accomplished by 
forcing 2.5,uA more through RB3 than RB4. 

The 2.5,uA imbalance causes a voltage rise of 
(2.5,uA) x (lOOn) or 250,uV at the top of RB3 . 
Terminal L2 maY be viewed as the output of an 
op amp whose closed loop gain is approximately 
RF/RB3 = 1600. 

The 250,uV rise at the top of RS3 causes a 
voltage drop of ('1600) x (250,uV) or -O.4V across 
R9. An output current, Is, equal to 0.4V IR9 or 
4.0 mA is thus established in 01. If RS4 is now 
decreased by 1.0n (due to application of a strain 
force), a -1.0 mV change in input voltage will 
result. This causes L2 to drop to -2.0V. The 
output current would then be 2.0V 11 oon or 20 mA 
(Full. Scale). If RB3 is a resistor of the same 
material as RS4 but not subjected to the strain, 
temperature drift effects will be equal in the two 

, legs and will cancel. . 

In actuai practice the loading effects of RB2 on 
the gain (span) ~nd RF on output current must be 
taken into account. 

A, 
160k 

'/u· -O.4V (NULl) 
Vl 2" -2.0V IfULL SCALE) 

FIGURE 1. LH0045 Simplified Schematic 
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Applications Information (Cont'd) 

THERMAL CONSIDERATIONS 

The power output transistor of the LH0045 is 
thermally isolated from the signal amplifier, A2. 
Nevertheless, a change in the power dissipation 
will cause a change in the temperature of the 
package and thus may cause amplifier drift. These, 
temperature excursions may be minimized by 
careful heat sinking to hold the case temperature 
equal to the ambient. With the TO·8 (G) package 
this is' best accomplished by a clip·on heat sink 
such as the Thermalloy #2240A or the Wakefield 
#215-CB. The 8 lead TO·3 is particularly convenient 
for heat sinking, in that it may be bolted directly 
to many commercial aluminum heat sink extru
sions, or to the chassis. In both packages the case 
is electrically isolated from the circuit. 

In addition, the power change can be minimized 
by operating the device from relatively high supply 
voltages in series with a relatively high load resist
ance. When the signal forces the supply current' 
higher, the voltage across the device will be 
reduced and the internal power dissipation kept 
nearly equal to the low current, high voltage 
condition. 

For example, take the case of a 4.0 mA to 20 mA 
transmitter with a 24V supply and a 100n load 
resistance. The power at 4.0 mA is (23.6V) x (4.0 
mAl = 94.4 mW while at full scale the power is 
(22V) x (20 mAl '" 440 mW. The net change in 
power is 345 mW. This change in power will cause' 
a change in temperature and thus a change in 
offset voltage of A2. 

If the optimum load resistance of 800n (from 
Figure 2) is used, the power at null is [24V -
(4.0 mAl x (800n)] (4.0 mAl = 83 mW. The 
power at full scale is [24V - (20 mAl x (800n)] 
(20 mAl = 160 mW. The net change is 77 mW. 
This change is significantly less than without t~e 
resistor. 

If the supply voltage is increased to 48V and the 
load resistance chosen to be the optimum value 
from Figure 2 (1.95kl. then the power at null is 
[48V - (4.0 mAl x (1.95k)] (4.0 mAl = 160.8 

3.0 

:; 

'" 2.5 
~ 
z 

~ 2.0 

~ .. 1.5 

" ~ 1,0 .. 
'" ~ 0.5 i;; 

" 

/ 
Is"'4-20~~ 

/ 
V ....V f-' 

? V.s=lD-5DmA 

10 20 30 40 so 60 

SUPPLY VDLTAGE IV) 

FIGURE 2. Optimum Load Resistance vs Supply Voltage 
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mW and the power at full scale is [48 - (20) x 
(1.95k)] (20 mAl = 180 mW for a net change of 
19.2mW. 

Note that the optimized load resistance is actually 
the sum of the line resistance" receiver resistances 
and added external load resistance. However, in 
many applications the line resistance and receiver 
resistances are negligible compared to the added 
external load resistance and thus may be omitted 
in calculations. 

AUXILIARY PINS 

The LH0045 has several auxiliary pins designed to 
provide the user with enhanced flexibility and 
performance. The following is a discussion of pos· 
sible uses for these pins. 

Programmable VREF - Pins 5 and 6 (LH0045G 
Only) 

The LH0045G provides pins 5 and 6 to allow the 
user to program the value of the reference voltage. 
The factory trimmed 10V value is obtained by 
leaving 5 and 6 open. A short between 5 and 6 
will program the reference to a nominal 5.1 V 
(equivalent to the fixed value used in the 
LH0045K). 

A resistor or pot may-be placed between pin 5 
and common (pin 3) to obtain reference voltages 
between 10V and 30V or between pin 5 and pin 7 
for reference voltages below 10V. Increased ref
erence voltage might be useful to extend the 
positive common mode range or to accommodate 
transducers requiring higher supply voltage. A plot 
of resistance between pin 5 and pin 3 versus 
V REF is given in the typical electrical characteristics 
section. V REF may be adjusted about its nominal 
value by arranging a pot from V REF to common 
and feeding a resistor from the wiper into pin 5 
so that it may either inject or extract current. 
Lastly, pin 5 may be used as a nominal 1.7V 
reference point, if care is taken not to undulv 
load it with either dc current or capacitance. 

, Obviously, higher supply vqltages must be used 
to obtain the higher reference values. The minimum 
supply voltage to reference voltage differential is 
about 4.0V. 

Bridge Return 

An applications resistor is provided in the LH0045 
with a nominal value of 1.0 kn. The primary 
application for the resistor is to maintain the 
minimum common mode input, voltage (1.0V) 
required by the signal amplifi\lr, A2. A typical 
input application might utilize a strain gauge or 
thermistor bridge where the resistance of the 
sensor is lOOn. Since only 1.0 mA may be drawn 
from VREF , the 1.0 kn bridge return resistor is 
used to bias A2 in its linear region as shown in 
Figure 3. ' 

r
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o 
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D.SmA 

'- 100 

UmA 

1.0mA 
1.OmAX1.0kU"1.0V 

FIGURE 3. U .. of Bridge R~urn 

Over Compensation - Pin 8 (LH0045GI, 
Pin 6 (LH0045KI 

Ove~ compensation of the signal amplifier, A2 may 
be desirable in dc applications where the noise· 
bandwidth must be minimized. A capacitor should 
be placed between pin 8 (pin 6 on the LH0045K) 
and pin 3, common. 

Typica~IY, 

f3db = -------
21r R (C1"+ CEX-r) " 

where: 

R=400MU 

C1 = I nternal Compensation Capacitor = 100 pF 

CEXT = Externai (over·compensation) 
Capacitor 

Input Guard - Pins 9 and 12 (LH0045G) 

Pins 9 and 12 have no internal connection what· 
ever and thus need not be used. In some critical 
low current applications there may be an advantage 
to running a guard conductor between the inputs 
and the adjacent pi~s to intercept stray leakage 
currents. Pins 9 and 12 may be connected to this 
guard to simplify the PC board layout and allow 
the guard to continue under the device. (See AN·63 
for further discussion of guarding techniques.) 

NULL AND SPAN ADJUSTMENTS 

Most applications of the LH0045 will require 
potentiometers to trim the initial tolerances of the 
sensor, the external resistors and the LH0045 itself. 
The preferred adjustment procedure is to stimulate 
the sensor, alternating between two known values, 
such as zero and full scale. The span and null are 
adjusted by monitoring the output current on a 
chart recorder, meter; or oscilloscope. A full scale 
stimulus is applied to the sensor and the span 
Potentiorneter adjusted for the desired full scale. 
Then, to "adjust the null, apply a zero percent 
signal to the sensor and adjust the null potentio· 
meter" for the desired zero" percent current 
indication. 

If it is impractical to cycle the sensor during the 
calibration procedure, the signal may be simulated 
electrically with two cautions: 1) the calibration 
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" signal must be floating and 2)" the c~libration thus 
achieved does not account for sensor inaccuracies 
and/or errors in the signal generator. 

SENSOR SELECTION 

Generally "it is easiest to use an insulated sensor. 
If it is necessary to use a grounded sensor, 'the 
power supply must be isolated from chassis ground 
to avoid extrane~us circulating currents. 

DESIGN EXAMPLE 

There are numerous circuit configurations that 
may be utilized with the LH0045. The following 
is intended as a general design example which 
may be extended to specific cases. 

Circuit Requirements 

Output Characteristics 

a. 0% = 4.0 mA (NULL) " 

b. 100% = 20 mA (SPAN = 16 "mAl 

c. Supply Voltage = 24V 

Input (Sensor) Characteristics 

a: V1N = 100 mV (Full Scale) 

b. V1N =" 0 mV (Zero Scale) 

c. Source· I mpedance :::; 1 :on 

" General Characteristics 

a. O°C:::; TA :::; +75°(: 

b. Overall Accuracy:::; 0.5% 

VREF >=S.IV 

R" "'" 4.Dk .4.BM 

•• 1.' 

I;UI"AN-I.III'A 

'ZHULL zO.l7s"A 

FIGURE 4. Design Example Circuit 

Selection of RF 

Input bias current to the LHOO45C is "guaranteed 
less than 10 nA. Furthermore, the change in la 
over the temperature range Of interest is typically 
under 1.0 nA. If 12 SPAN is selected to be 1.0~A 
(1000 A la) errors due to A la/A T will be less 
than 0.1%. For SPAN = 16 mAo 

VSPAN = AV, =-(16mA)(R9) =-1.6V 
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where R9 = Internal Current Set Resistor = lOOn 
For 12 SPAN = 1.0/LA: 

VSPAN -1.6V 
RF = --=-- = 1.6M 

12 SPAN 1.O/LA 

NOTE: For applications with DC gain (ratio of foad· 
back and input resistance) les. than 8. it is recom· 
mended that a Schottky barrier diode be connected 
between pin 11 (cathode) and pin 3 (anode). This 
prevents the possibilltv of latch up resulting from the 
inverting Input being ,forced beyond the amplifier 
supply voltage during power up .. 

Selection of Ra1 and Ra2 

The minimum input common mode voltage, VMIN 
required at the pin 10 input of A2 is 1.0V. 
Furthermore, the maximum open loop supply 
current (Iso Ll drawn by the LH0045 is 3.0 mAo 
That leaves IMIN = 4.0 mA - 3.0 mA = 1.0 mA 
left to bias the bridge at null. Hence: 

VMIN 1.0V 
Re2 ;;; 1.0 kn 

IMIN 1.0mA 

And, 

1.0V 

RBl 

VREF -1.0V 

Re2 1.0V 

= 1.0k (5.1-1.0) 

RBI ~ 4.0kn 

Alternatively, an LMl13, 1.22V reference diode, 
or an op amp such as the LM 1 OB may be used to 
bias the signal amplifier, A2 as shown in Figure 5. 
These techniques have the advantage of lowering 
the impedance seen at pin 10. 

Selection of ROS 

Ros is selected to provide the null current of 
4.0 mA, V1 NUL.L. = 4.0 mA x 100n = O.4V. 
From previous calculations we know that VMIN = 
1.0V. The voltage pin 11, V 2 is: 

V2 = VMIN + Vos ~ VMIN 

for VIN = OV 

t---+-_..I, •• 
tOv 

5.IV 

Hence, the current required to generate the null 
voltage, 12 NUL.L. is: 

VMIN - VI NUL.L 
12 NUL.L = ------

,RF 

1.0V '- (-0.4 V) 
----- = 0.B75/LA 

1.6 Mn 

This current must be provided by Ros from 
VREF; 'hence: 

VREF-VMIN 
Ros=-----

12 NUL.L. 

The nominal value for VREF is 5.1V, therefore 
the nominal value for Ras is: 

5.1V - 1.0V 

0.B75/LA 

Ros = 4.6Mn 

or 

It should be noted however,. that the variation of 
V REF may be as high as 5.9V or as low as 4.3V. 
Furthermore, the tolerances of R9 (lOOn), RBI. 
RB2, and the input Vos of A2 would predict values 
for Ros as low as 3.9BM and as high as 5.43M. The 
implication is that in the specific case, Ros should 
be implemented with a pot, of appropriate value, 
in order to accommodate the tolerances of VREF , 
R9, Vos, Reb RB2 , etc. 

Selection of R 

SPAN is required to be 16 mAo From 'feedback 
theory and the gain equation we know: 

1 
x -

R9 

where: 

R total impedance in signal path between 
pin 10 and pin 11 

R9 = Current setting resistor = lOOn 

VIN = Full scale input voltage = 100 mV 

v,. 

FIGURE 5. Alternata Biasing Technique. 
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:.R = 
(Vlr'l) (RF) 

(lSPAN) (R9) 

R 

R 

(100 mV) (1.6 Mn) , 

(16 mAl (lOOn) 

100kn 

As before, uncertainties in device parameters might 
dictate that R F be made a pot ~f appropriate 
value. 

Summary of the Steps to Determine 
External Resistor Values 

1. Select IFULL SCALE = INULL + IsPANfor the 
desi red application. (I NULL is frequently 
4.0 mA and IFULL SCALE is frequently 
20.mA.) 

2. Select 12 SPAN so that it is large compared to 
Ale. 1000 Ale is a good value. 

3. Determine VSPAN = AV 2 = (lSPAN)(R9). 

5. Select 

R > VMIN 
B2, - IMIN 

1 VOLT 
RS2 ~ --:---

IlIiu'LL - ISOL' 

Where: 

ISOL 

6. Determine 

minimum common mode input 
voltage. 

minimum available bridge current 

maximum open loop ,supply 
current 

7. Determine V2 NULL = INULL R9 

a. Determine 

VMIN - V~ NULL, 
12 NULL = "--__ ----' 

RF 

9. Determine 

10. Determine 

R= 
(V IN ) (R F ) 

(lSPAN) (R9) 
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Where: 

VIN = Sensor full scale output voltage 

ERROR BUDGET ANALYSIS 

Errors Due to Change in VREF (AVREF) 

There are several factors which cou Id cause a 
change in V REF. 'First, as the ambient temperature 
changes, a VR'EF drift of ±O.2 mVfC 'might 
be expected. Secondly, supply voltage variations 
CQuid cause a O.5'mV/V change in VREF . Lastly, 
self·heating due to power dissipation variations 
ca'n cause drift of the reference., 

An o,verall expression for change in VREF is: 

.c.VAEF 
.c.V AEF = [(O)(.c.PDlssl + .c.TAI ---

\ y.c.T I 

Where: 

IJ 

APolss 

Thermal Effects 

.c.V ' 
+~(.c.Vs) 
~ 

Supply Voltage Effects 

Thermal resistance, either 
. junction·to.ambient to junction 
to case 

Change in avg. power dissipation 

Change in ambient temperature 

Reference voltage drift 
(in mVfC) 

, .. AV REF __ 
Line regulation of V REF 

AVs 

Several steps may be taken to minimIZe the 
bracketed terms in, the equation above. For 
example, operating the LH0045G with a heat·sink 
reduces the thermal resistance from IJ JA = a3°CIW 
to IJJC = 60°C/W. For the LH0045K (TO-3) 
IJ JA = 40°C/W may be reduced to IJ JC = 25°C/W 
by usin,g a heat sink. The APolss term may be 
significantly reduced using the power minimiza
tion technique described under "Thermal Con
siderations." For the design example, Ll.POISS is 
reduced from 3a4 mW to 77 mW (R L = aoon.) 
Evaluating the LH0045G with a heat-sink and 
RL = aoon yields. 

(6ite' 0 )(0.2 mv) 
.c.V AEF = W (O.077WI + 75.e ----oc 

0.5mV 
+ -- (16VI 

V 

Ll.V AEF = 24"mV 

The LH0045K (TO-3) under the same operating 
conditions would' exhibit a AVREF ~ 23 mV. 
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An expression for error in the output current 
due to D.V REF is: 

Where: 

(%) = lCC(K) (ROS)(.:l.VRE'F) - (l-K)(.:l.V REF )(R F ) 

(R9)(Ros )(lSPAN) 

K 

R9 

ISPAN 

Total change in V REF 

RS2 

Current set resistor 

Change in output current from 
0% to 100% 

For example, D.V REF = 24 mV, K = 0.2, R9 = 
lOOn, ISPAN = 16 mAo Hence, a 0.12% worst case 
error might be expected in output currents due to 
D.V REF effects. 

Error Due to Vos Drift 

One of the primary causes of error in Is is caused 
by Vas drift. Drift may be induced either by 
self heating of the device or ambient temperature 
changes. The input offset voltage drift, D. Vas! D. T, 
is nominally 3.3p.V/"C per millivolt of initial offset. 
An expression for the total temperature dependent 
drift is: 

Where: 

() Thermal, resistance either junction· 
to·ambient or junction·to·case 

Change in average power dissipation 

D.T A Change in ambient temperature 

The 'bracketed term may be minimized by 
heat sinking and using the power minimiza· 
tion technique described under "Thermal 
Considerations." For the LH0045G design 
example, D.Vos = 0.352 mV under ambient 
conditions and 0.263 mV using a heat-sink 
and RL = 800n. Comparable Vos for the 
LH0045K would be 0.254 mV. 

The error in output current due to D. Vas is: 

D.ls 'D.Vos 
-- (in %) = 100 x ----':='--
ISPAN VIN (FULLSCALE) 

RF 
=100x~~~-~

(R)(R9)(lsPAN ) 
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For the design example, D. Vos = 0.263 mV, V IN 
(Full Scale) = 100 mV. Hence, 0.26 mv..;. 100 mV 
or 0.26% worst case error could be expected in 
output current effects. 

Errors Due to Changes in R9 

The temperature coefficient of R9 (TCR) will 
produce errors in the output current. Changes in 
R9 may be caused by self-heating of the device or 
by ambient temperature changes. 

D.ls AR9 ' 
-- (in %) = 100 -- (0 P01SS + D.TA) 
ISPAN AT 

Where: 

o Thermal resistance either from 
junction-to-ambient or junction· to
case 

Change in average power dissipation 

Change in ambient temperature 

TCR of R9 

Using the LH0045G design example, D.R9!D.T = 
0.03%/"C, hence a 3.2% worst case error in output 
current might be expected for operation without 
a heat sink over the temperature range. 

Heat' sinking the device and using R L = 800.11, 
reduces Als!lsPAN to 2.3%. Comparable error for 
the LH0045K would also be about 2.3%. 

The error analysis indicattis that the internal 
current set resistor, R9 is inadequate to s'atisfy 
high accuracy design criterion. In these instances, 
an external 100.11 resistor should be substituted 
for R9. 

Obviously, the TCR of the resistor should be low. 
Metal film or wire-wound resistors are the best 
choice offering TCR's less than 10 ppm/"C versus 
50 ppm/"C typical drift for R9. 

External Causes of Error 

The components external to the LH0045 are also 
critical in determining errors. Specifically, the 
composition of resistors RBI, Ros, RF, R, etc. 
in the design ,example will influence both drift 
and long term stability. 

In particular, resistors and potentiometers of wire' 
wound construction are recommended. Also, metal
film resistors with low TCR (~ 10 p·pmtC) may 
be used for fixed resistor applications. 
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Error Analysis Summary 

The overall errors attributable to the LH0045 
may I!e minimized using heat sinking, and utiliza
tion of an external load resistor_ Although RL 
reduces the compliance of the circuit, its. use is 
generally advisable in precision applications. Ex
ternal components should be selected for low 
TCR and long-term stability .. 

The design example errors, using an external 
lOOn wire wound resistor for R9 equal: 

.6.ls 
-- = 0.12% + 0.26% + 0.08% = 0.46% 
ISPAN '-v-' '-v-' '-v-' 

.6.V REF .6.Vos .6.R9 

Definition of Terms 

Input Offset' Voltage, Vos: The voltage which 
must be applied between the input terminals 
through equal resistances to obtain 4.0 mA of 
supply (output! current. 

Input Bias Current, Is: The average of the two 
input currents. 

Input Offset Current, los: The difference in the 
current into the two input terminals when the 
supply (output) current is 4.0 mAo 

Input Resistance, RIN: The ratio of the change, 
in input voltage to the change in input current at 
either input with the other input connected to 
1.0 Vdc. 

Open Loop Transconductance, !!MOL: The ratio 
of the supply (output) current SPAN to the input 
voltage required to prOl!uce that SPAN. 

Open Loop Output Resistance, ROUT: The ratio 
of a specified supply (output) voltage change to 
the resulting change in supply (output) current at 
the specifi!!d current level. 
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SOCKErs AND HEAT SINKS 

Mounting sockets, test sockets, and heat sinks 
are available for the G package and K' package. 

The following or their equivalents are 
recommended: 

, Sockets: 

G -12lead TO-8: Barnes Corp. #MGX-12 
Textool #212-100-323 

K - 8 lead TO-3: Robinson Nugent #0002011 
Wells #6010-20811 

Heat Sinks 

G - lilead TO-8: Thermalloy #2240A 
Wakefield #215-CB 

K':- 8 lead TO-3: IERC #LAIC 3B4V 

Common Mode Rejection Ratio, CMRR: The ratio 
of the change in input offset voltage to the peak
to-peak input voltage range. 

Power Supply Rejection Ratio, PSRR: The ratio 
of the change in input offset voltage to the change 
in supply (output) voltage producing it. 

Input Voltage Range, VIN: The range of voltages 
on the input terminals for which the device 
operates within specifications. 

Open Loop Supply Current, Is: The supply current 
required with the signal amplifier A2 biased off 
(inverting input positiv'e, non-inverting input nega
tive) and no load on the VREF, terminal. 

This represents a measure of the minimum low 
end signal current. 

Reference Voltage Line Regulation, .6.VREFf.6.Vs: 
The ratio of the change in V REF to the peak-to
peak change in supply (output) voltage producing 
it. 

Reference Voltage' Load Regulation, .I:!.VREFf 
I:!.IREF: The 'change in VREF for a stipulated 
change in IREF. 
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LH0061/LHOO~1 C 0.5 Amp Wide Band 
Operational Amplifier 

General Description 
The LH0061/LH0061C is a wide band, high speed, 
operational amplifier capable of supplying currents 
in excess of 0.5 ampere at voltage levels of ±12V. 
Output short circuit protection is set by external 
resistors, and compensation is accomplished with a 
single external capacitor. With a suitable heat sink 
the device is rated at 20 Watts. 

LH0061 is guaranteed over the temperature range 
-55"C to +125"C; whereas, the LH0061C is guar· 
anteed·from -25"C to +85"C. 

The wide bandwidth and high output power capa· 
bilities ·of the LH006i/LH0061C make it ideal for 
such applications as AC servos, deflection yoke 
drivers, capstan drivers, and audio amplifiers. The 

Schematic and Connection Diagrams 

INV.INPut C!5i}--~H 

R' ZO. R' ZO. 

NON.I.V.INPUT(i.i)---.... ----+----...J 

. . , 
'01 

TO·3 Package 

TOP VIEW 

R' •• 

Features 
• Output current 
• Wide large signal bandwidth 

• High slew rate 
• Low standby power 
• Low input current 

V' 

,---'---<D- -, 
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.: Roc , 

-..I 

,..,...--+-<4 -, 
;"~Cc 

~~iIIIV"",,-C~-.J 

.ND 

sc-
I--.... -O:.~-., 

~ ... , 
L...-... ----<7'~l--..1 

V' 

Order Numbers: . 

LHOoinK I_55°C to +125°C) 
LH0061CK I_25°C to +85°C) 

See Package K08A 
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70V/p.s 
240mW 
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Absolute Maximum Ratings 
1 

Supply Voltage ±18V " 

Power Dissipation See Curve, 
Differential Input Current (Note 2) ±10mA 
Input Voltage (Note 3) ±15V 
Peak Output Current 2A 
Output Short Circuit Duration (Note 4) Continuous 
Operating Temperature Range LH0061 _55°C to +125°C 

LH0061C -25°C to +85°C 
Storage Temperature Range _65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

DC Electrical Characteristics (Note 1)_ 

LIMITS 

PARAMETER CONDITIONS LH0061 LH0061C UNITS 

MIN TVP MAX MIN TVP MAX 

Input Offset Voltage As~ 10k!!. Tc '" 2SOC. Vs '" f15V 1.0 4.0 3.0 10 mV 

Rs'~ lOkU, Vs " :!:.15V 6.0 15 mV 

Voltage Drift with Temperature RsS lOW 5 5 ~Vt'C 

Ofiset Voltage Change with Output Power 5 5 p.V/watt 

!"pul Offset Current To' 25'·C 30 100 50 200 nA 

300 ·500 nA 

Offset Current Drift with Temperature 1 1 nA/oe 

Input Bias Current Tc '" 2SoC 100 300 200 500 nA 

1.0 1.0 ~A 

Input ReSistance T c '" 25 C 0.3 1.0 0.3 1.0 Mn 

Input Capacitance 3 3 pF 

Common Mode RejectIon RatiO Rs ~ 10 kH. t:NCM = ! lOV 70 90 60 80 dB 

Input Voltage Range Vs'" :!:.15V ;11 :!:.11 V 

Power Supply Rejection RatiO Rs~ 10kH.tNs '" :!-10V 70 80 50 70 dB 

Voltage Gilln Vi. =- t15V. Vo" :!:lOV 

RL " 1 kH. T c := 2S"C 50 100 25 50 V/mV, 

Vs = :!:.15V. Vo = ~10V 

RL :; 20n 5 2.5 V/mV 

Output Voltage SWtng Vs'" :!:.15V. AL " 20U ±10 :!:12 :!:10 :!:12 V 

Output Shor.t CIrcUIt Current Vs'" :!:lSV. Tc =- 25"C, Rsc '" 1.0n 600 600 mA 

Power Supply Current Vs = :!:lSV. VOUT = a 7 10 10 15 mA 

Power ConsumptIon Vs = :!:15V. VOUT =- 0 210 300 300 450 mW 

AC Electrical Characteristics (TC9'25'C, Vs=±15V,Cc=3000pF) 

Slew Rate Ay = +1, RL '" loon 25 70 25 70 VIliS 

Power Bandwidth RL = loon I 1 MHz 

Small SIgnal TranSIent Response 30 30 n. 

Small Signal Overshoot 5 20 lP 30 % 

Settling Time (0,1%1 t:NIN'" 10V, Av '" +1 0.8 0.8 ~. 

Overload "Recovery Time 1 I ~. 

HarmOniC Distortion f = 1 kHz. Po '" O,~W 0.2 0.2 % 

Not. 1: Specifications applv for t5V ~ Vs ~ .18V. Cc = 3000 pF. and 
-25'C ~ TC ~ +85°C for the LH0061 CK. Tvpical values are for T C = 25°C. 

-55'C ~ TC ~ +125'C for the L HOOSI K and 

Note 2: The inputs are shunted with back-ta-back diodes for ,overvoltage protection. Excessive current will flow if a differ-
ential voltage in excess of lV is apptied between the inputs Without limiting resistors. 
Note 3: For supply voltages less than .15V. the absolute maximum input voltage is equal to the supplV voltage, 
Note 4: Rating applies as long as package power !"8ting is not exceeded. 
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Typical Performance Characteristics 
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~National . 
~ Semiconductor 

Operational Amplifiers/Buffers 

LH00621LHOO62C High Speed FET Operational 
Amplifier . .' 
General Description 
The LH0062/LH0062C is a preci~ion, high speed 
FET input operational amplifier with more than 
an order of magnitude imp~ovement in slew rate 
and bandwidth over conventional FET IC 'op 
amps. I n addition it features very closely matched 
input characteristics, very high input impedance, 
and ultra low input currents with no compromise 
in noise, common mode rejection ratio or open 
loop gain. The device has internal unity gain fre
quency compensation, thus assuring stability in all 
normal applications. This considerably simplifies 
its application,. since no external components are 
necessary. for operation. However, unlike most 
internally compensated amplifiers, external fre
quency compensation may be added for optimum 
performance. For inverting applications, feed
forward compensation will boost the slew rate to 
over 120 V IJl.s and almost double the bandwidth. 
(See LB-2, LB-14, and LB-17 for discussions of 
the application of feed-forward techniques). Over
compensation can be used with the amplifier for 
greater stability when maximum bandwidth is not 
needed. Further, a single capacitor can be added to 
reduce the 0.1% settling time to under 1 Jl.S. In 
addition it is free of latch-up and may be si mply 
offset nulled with negligible effect bn offset drift 
or CMRR. 

Schematic and Connection Diagrams 

tAl.llt" 

':"'::c':.... .... ,;;;;.. ....... ..;;.;. .... - .... --r; 

,-, . 

The LH0062 is designed for applications requiring 
wide ba!1dwidth, high slew rate and fast settling 
time while at the same time demanding the high 
input impedance and low input currents character
istic of FET inputs. Thus it is particularly suited 
for such applications as video amplifiers, samplel 
hold circuits, high speed integrators, and buffers 
for AID conversion and multiplex system. The 
LH0062 is specified for the full military tempera
ture range of _55° to + 125°C while the LH0062C 
is specified to operate over a _25°C to +85°C 
temperature range. 

Features 
• High slew rate 

• Wide bandwidth 

• Settling time (0.1%) 

• Low input offset voltage 

• Low input offset c.urrent 

• Wide supply range 

70 V/Jl.s 

15MHz 

lJl.s 

2mV 

1 pA 

±5V to ±20V 

• Internal 6 dB/octave frequency compensation 

• Pin compatible with std IC op amps (TO-5 pkg) 

Metal Can Package 

.-~g..._+---4Hii~~DU':Ul Order Number 

·Pin Numbers Shown for TO-S Package 
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LH0062H or LHOO62CH 
See Package H08A 

Dual-In-Line Package 

Order Number 
LH0062D or LH0062CD 

Sea Package D14E 



Absolute Maximum Ratings 

Supply Voltage t20V Operating Temperature 
Power Dissipation (see graphl 500mW LH0062. _5SDC to +12SDC 
Input Voltage (Note 1) ±5V LH0062C. _2SDC to +SoSI)C 
Differential Input Voltage eNote 2) ±30V Storage Temperature Range _6SD C to +lSOQ C 
Short Circuit Duration Continuous Lead Temperature (Soldering. to secl 300·C 

DC Electrical Characteristics (Note 1) 
LIMITS 

PARAMETER CONDITIONS LHOO82 LHOO62C UNITS 

MIN TVP MAX MIN TVP MAX 

Input Offset Voltage RsS: 100kn;TA • 25·C 2 5 10 15 mV 

RsS: 100kn 7 20 mV 

Temperature Coefficient of RsS: 100kn 5 25 10 35 ~vtc 
Input Offset Volt~e 

Offset Voltage Crift with Tjm~ 4 5 J,l.V/week 

Input Offset Current TA ", 2SDC 0.2 2 1 5 pA 

2 0.2 nA 

Temperature Coefficient of Doubles every lODe Doubles every lODe 
Input Offset Current 

Offset Current Drift with Time 0.1 0.1 pA/week 

IAlput Bias Current TA " 2SDC 5 10 10 65 pA 

10 2 nA 
! 

Temperature Coefficient of Doubles every lODe Doubles every 10"C 
Input Bias Current 

Differential Input Resistance 1012 1012 n 

Common Mode Input Resistance 10'2 1012 n 

Input Capacitance 4 4 pF 

Input Voltage Range Vs '" :t15V ±10 ±12 flO ±12 V 

Common Mode Rejection RatiO As ~ 10 kn. V IN ... ±lDV 80 90 70 90 dB 

Supply Voltage Rejection Ratio RsS: 10 kn. ±5V s: Vs S:±15V 80 90 70 90 dB 

large Signal Voleage Oain RI.. = 2 ~n, VOUT = :tl0V, 50 200 25 160 V/mV 
TA = 2S"C. Vs = !15V 

RL " 2 kG. VOUT " ±lDV. 25 25 V/mV 

Vs'" ±15V 

Output Voltage SWing RL • an. T A ' 25·C. t12 ±1~ :12 ±t3 V 
Vs '" ±l5V 

RL '" 2 kG, Vs = ±15V ±10 ±10 V 

Output Current Swing VOUT '" :!:lOV, T ... '" 2S"C ±lO t15 ±10 itS mA 

Output Resistance 75 75 n 

Output Short Circuit Current TA ' 25·C 25 26 mA 

Supply Current Vs = t16V 5 8 7 12 mA 

Power Consumption Vs'" t15V 240 360 mW 

AC Electrical Characteristics (T",=25°C, Vs=±15V) 
LIMITS 

PARAMETER CONDITIONS LH0062 LH0062C UNITS 

MIN TVP MAX MIN TVP MAl( 

Slew Aate Voltage Follower 50 70 50 70 VIps 

large Signal Bandwidth Voltage Follower 2 2 MHz 

Small Signal Bandwidth 15 15 MHz 

Rise Time 25 25 n. 
Overshoot 10 15 % 

Settling Time 10.1%) 6VIN :: lOV 1 1 ~s 

Overload Recoverv 09 0.9 ~s 

Input Noise Vollage r.s = 10 kG. fo '" 10 Hz 150 150 nV/../Hz 
, 

In~ut NOise Vollage Rs :: 10 kU. fo .. 100 Hz 55 55 nVl../Hz 

Input NOIse Vol1age Rs '" 10 kU. '0 :: 1 kHz 35 35 nV/v'Hi 

Input Noise Voltage Rs = 10kQ. '0:= 10kHz 30 30 nVl../Hz 

Input NOl$f Voltage BW :: 10 Hz to 10 kHz. 'Rs '" 10 kn 12 12 IJVrms 

InPut NOl5e Current BW:: 10 Hz to '0 kHz <.1 <.1 pArms 

Not. 1: For supplV lIoltilgeslen than '15V, Ihe abnllule maxImum Input voltage ISlJquallo the supplV yollage 
Not. Z: Inputs are protected from excessive voltages bv back·tooback diodes. Input currenu Ihould be limited to 1 mAo -' 
Nat. 3: Unless otherWIse specilled. these spe<:.I'C:8110ns ilPplV for 'SV < Vs < '20V .nd _SS"C < T"..: +12S"C for l"e 
lH0062 atld -2SoC -;: T A < .OSoC lor lHood2C. TVplcal villues Me gIven tor TA = :1S"C Power supplies should be bVPilued 
w,~h 0.1 JjF ceramIc eapBCltors, 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Cont'd) 
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Auxiliary Circuits (Cont'd) 

Isolating Large Capacitive Loads Overcompensat,ion' 

" ..... -'W_-... _ .... 'auT'uT 

Typical Applications * 

Fest Volt. Follower Fast Summing Amplifier 

,,,,,,I 

I 
I 

High Speed Subtractor 

I I 

: 1 If--
L "MOIU -----

IouT-10xf"Nl- I"U) 

Fast Procision Voltage Comparetor 

" ",,14 

,_ >,''-'V'\{o'_-+-<>!~~'IIT .. 
'1tt'4 

Video DC RlIStoring Amplifier 

r-
1 

.1 I 

l';ICCfI .. 'Roto-+-Q-t>-.J ' 

L_'!!. ... ..!!!._ -1 

'Pin numbers shown for TO-S package 

.. 
'" 

out",' 
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Boosting Output Driv. to ~ 1 00 mA 

..... ---1>--1>--<> " 

DiHarential Amplifier 

.. ' 

Wide RInge AC Voltmet.r 

High Speed Posit i •• Peak Detlctor 

OUtpUT 



Typical Applicati()ns * (Cont'd) 

Precision Integrator 

"",,,,,,",g~~,,r----;:;;",n------'I 
tO~7RQt - - - - -., , 

, : I 
I -, I I 

~ -- -~T-~~J 10 8 1 ! U 

':' IU 

'"' 

·Pin numbers shown for TO-5 package 

Precision Wide Range Current to Period Converter 

10' r-,---,--r-,---.-,-,.---, 

10' ' 

10 1-t-"'4.;-+--+-+--+--+--I 
] 1 I-t-t-"'---l'rl-t-I-t-; 

g 10- 1 f-+-+-f-"'~"'+--+-f--l 
~ 10-2 f-+-+-f-+"'-t..-+-+---J 

w, f-----+-+-+-+--+----1'o.". ,,-+--l 
w· f-+-+-+-I-+--+-1'.".-I 
10-' ~-'--J._.L--'--'_-'--'---' 

10- '1 10-9 10-7 let'S 

INPUT CURRENT (AMPS) 
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Operational Amplifiers/ Buffers 

LHOO86/LHOO86C Digitally-Programmable-Gain Amplifier 

General Description 
The LH0086 Is a self-contained, high-accuracy, digitally
programmablellaln amplifier. It consists of a FET-Input 
operational amplifier, a precision resistor ladder, and a 
digitally-programmable switch network. A three-blt TTL
compatible digital Input selects accurate gain settings 
of 1,2,5,10,20,50,100, or 200. 

The LH0086 exhibits low offset voltage, high input im
pedance, fast settling, high power supply rejection ratiO, 
and excellent gain accuracy and gain non-linearity. 

The LHOOa6 is specified for operation from ~55°C to 
+125°C. The LH0086C is specified from -25°C to +85°C. 
Both devices are hermetically sealed In a 14-lead dual
In·llne metal package. 

Simplified Schematic 

·v+ 

S\G::~ 0-'=-12 __ +--, 

~~M: {: 
D2 

DI~C)oI:....-_....I 

OFFSET 
ADJUST 

Features 
• 0.01% gain accuracy at gain = 1 

• 0.005% gain non-linearity 
• 1 ppm/oC typical gain drift 

• 1010Q Input impedance 

• aOdB minimum PSRR. 

• TTL-compatible digital Inputs 

• 2"s settling to 0.01 % 

Applications 
• Data acquisition systems 

• Auto range DVMs 
• Adaptive servo loops 

Connection Diagram 

Dual-ln-L1ne Package 

DIBITAl GND 
14 v+ 

D2 
13 v-

DIGITAl 01 
12 

SIGNAL GND INPUT 

\I 
DO FEEDBACK 

10 
~UT (SENSE) I'iN-

~UT (FORCE) OFFSET ADJ 

I'iN+ OFFSET OJ 

CASE IS ELECTRICAllY ISOLATED 

Top View 

Order Number LH0086D or LH0086CD 
. See NS Package D14F 
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Absolute Maximum Ratings 
Vs Supply Voltage (Note 1) ±18V TA Operating Temperature Range: 
Y,N Analog Input Voltage (Note 2) ±15V LH0086 -55'C to +125'C 

V'L(HI Digital Input Voltage -4V,+Vs LH0086C -25'C to +85'C 

Po Power Dissipation 500mW . TSTG Storage Temperature -65'C to +150'C 
Output Short Circuit Duration Continuous Lead Temperature (soldering, 20 seconds) +300'C 

DC Electrical Characteristics 
Vs = ±15V, RL = 10 kQ, TMIN ". TA " TMAX, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-Inverting) 

LH0086 LH0086C' . 
Parameter Conditions Units 

Mln_ Typ. Max. Mln_ Typ_ Max_ 

Vos Input Offset Voltage TJ=25'C 0_3 5_0 0_3 10 
mV 

7.0 13 

Vos/AT Input Offset Voltage V,N=OV 10 10 lAV/',c 
Change with Temperature 

Ie Input Bias Current (Notes 3, 4) TJ=25'C 100 500 100 500 pA 

500 100 nA 

R'N Input Resistance 10 10 GQ 

Y,N Input Voltage Range ±10 ±11.5 ±10 ±11.5 V 

Av Voltage Gain 1.0 1.0 

2.0 2.0 

5.0 5.0 
See Table 1, p. 5, 10 10 
for Digital Gain- VIV 
Control Codes 20 20 

50 50 

100 .100 
I 

200 200, 

Gain Error Av=l 0.003 0.01 0.003 0.03 

Av = 2,5 0.03 0.05 0.05 0.1 

Av=10,20 
TA=25'C 

0.05 0.1 0.1 0.2 

Av = 50,100,200 0.1 0.2 0.15 0.3 
% 

Av=l 0.003 0.02 0.003 0.06 

Av=2,5 0.03 0.1 0.05 0.2 

Av=10,20 0.1 0.2 0.1 0.3 

Av =50,100,200 0.15 0.3 0.15 0.4 

Gain Non-Linearity Av=l TA=25'C 0.002 0.002 
% 

0.005 0.005 

\ AAv/AT Gain Temperature Coefficient Av=l 1.0 1.0 ppm/'C 

PSRR Power Supply Rejection Ratio ±8V" Vs" :i:18V 80 90 70 90 dB 

Vo Output Voltage Swing RL ;;.10kQ ±10 ±12 ±10 ±12 V 

Note 1: Improper supply power-on sequence may damage the device. See Power Supply Connection Section under Applications 
Information. 
Note 2: For supply voltages less than ±15V the maximum Input voltage Is equal to the supply voltage. 
Note 3: Due to short production test time, these parameters are specified at lunction temperature, TJ = 25'C. In normal operation the 
junction temperature rises above the ambient temperature, TA, as a result of the Internal power dissipation, PD. TJ = TA + aJA x PO ""hElre 
alA Is the thermal resistance from Junction to ambient (typically 65'C/W). 

Note 4: The Input bias currents are junction leakage currents which approximately double for every 10'C increase in junction temperature. 
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DC Electrical Characteristics (cont'd) 
Vs=±15V, RL=10k~,TMIN, <TA < TMAX, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non~lnvertlng). 

Conditions 
LH0086 ' " LH0086C, 

Parameter Units 
Min. Typ. Max. Min. Typ; Max. 

Isc OutputShort·C,ircult Current TA = 25°C ±5 ±18 ±30 ±5 ±18 ±30 
':mA 

±2 ±30 ±2 ±30 

Ro Output Resistance AVCL=1 0.05 0.05 ,2 

VIL Digital "0" Input Voltage 0.7 0.7 
V 

VIH Digital "1", ,Input Voltage 2.0 2.0 

IlL Digital "Q" Input Curr~nt VIN=0.4V 1.5 4.0 '1.5 4.0 

IIH Digital, "1" Input Current VIN=2.4V 0.01 0.01 
,..A 

Vs Supply Voltage Range ±8.0 ±18 ±8.0 ±18 V 

Is(+) Positive Supply Current 8;5 15.5 8.5 15;5 

Is(-) 
Vs=±18V 

":4.5 -8.5 -4.5 -8.5 
mA: 

Negative Supply Current 
.. 

" 

AC Electrical Characteristics 
Vs=±15V, TA = 25OC, RL'=10kQ, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non·lnverting) 

Parameter Conditions Min.: Typ. Max. Un"-s 

BW Small Signal Bandwidth Av=1 3000 

-3dB Av=50 60 

Av=200 15 

Av=1 
IsHz 

425 

-1% Av=50 8.5 

Av = 200 2-

PBW Power B!lnd~idth 159 kHz 

SR Slew Rate 
Vo=±10V 

10 VI,..s 

Av=1 2.5 

ts Settling Time (Figure 7) 0.01% 1No = 20V Av=50 20 ,..s 

Av=200 75 ,..s 

ts Settling Time After Gain 10 
Change 

, 
Equivalent Input Noise BW=0.1-10Hz 3 ,..Vp.p eN 
Voltage (Figure 6) Rs=10OQ 25 , nVlVHz Av=100 f=1kHz 

,iN Equivalent Input Noise Current i 0.01 .pA/VHz 

.. 

! ' 

" 
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Appli~ations Information 

Theory of Operation 

The LH0086 is a digitally programmable gain amplifier 
with 3-bit digital gain control. It contains a FET-input 
operational amplifier, a precision resistor ladder, and a 
digitally programmable switch network. 

The LHOOB6 was designed for use in a non-Inverting con
figuration, thus the following discussion covers the 
LH0086as used as a non-Inverting amplifier. The gain of 
the LH0086 is given by the familiar gain equation of a 
non-Inverting amplifier. 

RF 
Av=1 +

Rs. 

Each gain step is set by the ratio of the ladder resistors. 
The resistor ladder Is constructed with high stability, 
low temperature-coefficient resistors precision laser
trimmed to the required values. FET switches are used 
to select the desired ratio. Since the FET switches are in 
series with the operational amplifier Input, their "on 
resistance" and temperature drift do not degrade ampli
fier accuracy. The FET switches are selected by a 1 of 8 
decoder, by applying the proper logic levels at digitalin
puts DO, 01, and 02. T,he gains are set as given in Table 1. 

Table 1. Galn·Control Codes 

Gain 02 01· 00 

1 0 ci 0 

2 0 0 1 

5 0 1 0 

10 0 1 1 

20 1 0 0 

50 1 0 1 

100 1 1 0 

200 1 1 1 

Power Supply Connection 

Proper power supply connections are shown In Figure 1. 
The power supplies should be bypassed to ground as 
close as possible to device supply pins. For most appli
cations, the bypass capaCitor should be 0.1 ",F. 

SINGLE POINT GROUND 

v-
·GERMANIUM DR SCHOTTKY 

Figure 1. Power Supply and Ground Connections 
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Care must be. taken In the poWer-ori sequence.The LHOOB6 
may suffer irreversible damagE! if the v+ supply Is applied 
prior to the powering on of the V- supply. In most appli
cations using dual-tracking supplies and with the 
device supply pins adequately bypassed, this will not 
present a problem. If this cannot be guaranteed, a 
germanium or Schottky protection diode should be 
connected between the digital ground pin and the V- pin 
as shown In Figure 1. . 

Grounding Considerations 

Care should be taken In the connection of digital and 
analog grounds. Digital switching currents can Introduce 
noise on the analog ground pin. If possible, both grounds 
should go to a ground plane beneath the device, 
otherwise each ground should be r()n separately to a 
single point ground. The idea is to keep digital current 
from paSSing through the analog ground line. If long 
ground leads are used, diode clamps should be placed 
as close to the device as possible (Figure 1). 

Programmable Attenuator 

The LH0086 may be used as a programmable attenuator 
when connected as In Figure 2. The accuracy of this at
tenuator will be typically 0.1% . 

. Note: Max. VIN = ±11 Volts. 

>----+'--+_ VoUT 

VIN ---=+...,.....-_-" 

'501l 

'2 

Figure 2. Programmable Attenuator 



Table 2. Attenuator Codes 

D2 D1 DO Attenuation 

0 0 0 1 

0 0 1 2 

0 1 . 0 5 

0 1 1 10 

\ 0 0 20 

1 0 1 50 

1 1 0 100 

1 1 1 200 

Inverting Mode 

The LH0086 may be used in the inverting mode, how
ever, there are several design considerations. 

1. Input resistance is low at high gains (see gain chart 
" for Input resistance at each gain). 

2. Each gain step gets a one subtracted from the non
inverting gain. (See inverting gain chart for available 
gains.) 

3. The first gain step (digital code of 000) cannot be 
used because the output will remain at yirtual ground 
"regardless of the input .. 

LHQOB6 

>-+-'---1r-VoUT 

YiN 

, Table 3. Inverting Gain Chart 

D2 D1 DO Gain RIN (Q) 

0 0 0 Av=O 30k 
0 0 1 Av=1 15k 
0 1 0 Av=4 6k 
0 1 1 Av=9 3k 
1 0 0 Av=19 1.5k 
1 0 1 Av=49 600 
1 1 0 Av=99 300 
1 1 1 Av=199 150 

Remote Output Sense 

The VOUT sense pin of the LH0086 should be connected 
at the load in order to eliminate errors due to lead resist
ance. In any case the output sense and output force 
must be tied together at some point. See Figure 4. 

SENSE 

Figure 4. Remote Output Sense Figure 5. Offset Adjustment 

LHOOB6 

5012 

01 

02 

Figure 6. Noise Me~surement Circuit 

20V STEP -.-+_-1 

lk" 

OUTPUT ERROR TO SCOPE INPUT 

12 

VIN--------I 

lk" 

Figure 3: LH0086 Inverting Gain Configuration 

Figure 7_ Settling Time Test Circuit 
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Definition of Terms 

. Vas Offset Voltage: The voltage that must be 
applied to force the output to 0 volts. 

la ·Input Bias Current: The current Into Pin 7 with . 
·the device connected In the.non·invertlng con
figuration, 

RIN Input Resistance: The ratio of the change In 
input voltage to the change in·input current on 
·either input with the other grounded.-

VIN Input Voltage Ranga: The voltage range for 
which the device Is operational. 

PSRR Power Supply Rejection Ratio: The ratio of the 
specified change in supply voltage tP. the 
change in Input offset voltage over this range. 

Av Voltaga Gain: The ratio of output voltage 
change to the Input voltage change producing It. 

Va 

Ro 

Vs 

Is 

Gain Error: The deviation In percent between 
the Ideal voltage gain and the value obtained 
when the device Is configured for that gain. 

Gain Non·Llnearlty: The deviation of the gain 
from a straight line drawn through the end· 
paints expressed as a percent of full scale (10V 
for operation with ±15V supplies). For testing 
purposes It Is the difference between positive 
swing galn(OV to 10V) and average gain (-10V 
to 10V) or between negative swing gain (OV to 
-10V) and average gain. 

Output Voltage Swing: The peak output 
voltage swing referenced to ground Into specl· 
fied load. 

Output Short-Circuit Current: The current sup
plied by the device with the output connected 
directly to ground. 

Closed Loop Output Resistance: The ratio of 
change in output voltage to change to output 
current at a specific gain. 

Supply Voltage Range: The supply voltage 
range for which the device is operational. 

Supply Current: The current required from the 
supply to operate the device with no load and 
with the analog as well as the digital inputs at OV. 
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PD Power Dissipation: The power dissipated In 
the device with no load and with the analog as 
well as the digital inputs at OV. 

VIH Digital ''1'' Input Voltage: Minimum voltage 
required at the digital input to guarantee a high 
logic state. . 

VIL Digital "0" Input Voltage: The current Into a 
digital Input at specified logic level. 

AVos/AT Average Input Offset Voltage Drift: The ratio 
of Input offset voltage change from 25°C to 
either temperature extreme divided by the tem· 
perature range. 

I 
AAylAT Average Gain Temperature Coefficient: The 

BW 

PBW 

SR 

ts 

ratio In gain from 25°C to either temperature 
extreme divided by the temperature range. 

Bandwidth: The frequency at which the voltage 
gain 15 reduced to 3 dB below the low frequency 
value. 

Power Bandwidth: Maximum frequency for 
which the output swing Is a large signal sine· 
wave without noticeable distortion. 

Slew Rate: The Internally limited rate of change 
In output voltage with a large amplitude step 
function applied at the input. 

Settling Time: The time between the Initiation 
of an Input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output voltage. 

Gain Switching Time: The time between the 
Initiation of a gain logic change and the time 
when the final gain switches are closed. It in· 
cludes overdrive recovery time, but not settling 
to final value. 

Equivalent Input Noise Voltage: The rms or 
peak noise voltage referred to the input (ATI) 
over a specified frequency band. 

Equivalent Input Noise Current: The rms or 
peak noise current referred to the Input (RTI) 
over a specified frequency band. 



~National Operational Amplifiersl Buffers 
~ Semiconductor 

LH0101/LH0101C, LH0101A/LH0101AC 
Power Operational Amplifier 

General Description 
The LH010l is a wideband power operational amplifier 
featuring FET inputs, internal compensation, virtually 
no crossover distortion, and rapid settling time. These 
features make the LH010l an ideal choice for DC or AC 
servo amplifiers, deflection yoke drives, programmable 
power supplies, and disk head positioner amplifier~. 
The LH010l is packaged in an 8 pin TO·3 hermetic pack· 
age, rated at 20 watts with a suitable heat sink. 

, . 
Schematic and Connection Diagrams 

Features 
• 5 Amp peak, 2 Amp continuous output current 

• 300 kHz power bandwidth 

• 850mW standby power (±15V supplies) 

• 300pA input bias current 

• 10V/"S slew rate 

• Virtually no crossover distortion 

• 2"S settling time to 0.01% 

• 5 MHz gain bandwidth 

SC+ 

OUTPUT (CASE) 

SC-

V-

TOP VIEW 

CASE IS 
/OUTPUT 

Order Numbers 

LH0101CK 
LH0101K 

LH0101ACK 

LH0101AK 

See Package K08A 

NOTE: ELECTRICALLY CONNECTED INTERNALLY, 
NO CONNECTION SHOULD BE MADE TO PIN. 
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Absolute Maximum Ratings 
Supply Voltage, Vs ±22V 
Power Dissipation at T A = 25·C, Po 5W 

Derate linearly at 25·C/W to zero at 150·C, 
Power Dissipation atT C = 25·C 62W 

Derate linearly at 2·C/W to zero at 150·C 
Differential Input Voltage, VIN ±40V but < ±Vs 
Input Voltage Range, VCM ±20V but < ±Vs 
Peak Output Current (50ms pulse), 10(PK) 5A 
Output Short Circuit Duration (within rated power dissipation, 

Rsc=0.35Q, TA";25·C) Continuous 
Operating Temperature Range, TA 

LH0101, LH0101C -25·Cto +85·C 
LH0101A, LH0101AC -55·Cto +125·C 

Storage Temperature Range, TSTG -65·C to + 150·C 
Maximum Junction Temperature, TJ 150·C 
Lead Temperature (Soldering < 10 seconds) 300·C 

DC Electrical Characteristics (see Note 1) Vs=±15V, TA = 25·C unless otherwise noted 

LH0101AC LH0101C 
LH0101A LH0101 

Symbol Parameter Conditions Min. Typ. Max. Min. Typ. 

1 3 5 
Vos Input Offset Voltage 

TMIN" TA" TMAX 7 

Change In 
AVos/APo Input Offset Voltage Note 2 150 300 

with disSipated power 

Change In 
AVos/AT Input Offset Voltage 10 10 

with temperature VCMo=O 

300 

Is Input Bias Current I LH0101C/AC 60 
TA"TMAX I LH0101/A 300 

75 .. 
los Input Offset Current I LH0101C/AC 15 

TA';; TMAX I LH0101/A 75 

AVOL 
Large Signal 

Vo=±10V RL=10Q 50 200 50 200 Voltage Gain , 

Rsc=O RL=100Q ±11.7 ±12.5 ±11.i ±12.5 

Vo Output Voltage Swing Av= +1 RL=10Q ±11 ±11.6 ±11 ±11.6 

Note 3 RL=5Q :i:10.5 ±11 ±10.5 ±11 

CMRR 
Common Mode 

AV1N =±10V 85 100 85 100 Rejection Ratio 

PSRR 
Power Supply 

AVs =±5V to ±15V 85 100 85 100 Rejection Ratio 

ols 
Quiescent Supply 

28 35 28 Current 0 
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Max. Units 

10 
mV 

15 

".V/W 

".vrc 

1000 pA 

60 
nA 

1000 

250 pA 

15 
nA 

250 

V/mV 

V 

dB 

35 mA 



AC Electrical Characteristics See Note 1, Vs= ±15V, TA=25"C 

LH0101AC LH0101C 
LH0101A LH0101 

Symbol Parameter Conditions Min. Typ. Max. Min. Typ. Max. Units 

en Equivalent input 
f=1kHz 25 25 nV/YHZ noise voltage 

Cln Input Capacitance f=1 MHz 3.0 3.0 pF 

Power Bandwidth, -3dB 300 300 kHz 

SR Slew Rate 7.5 10 10 V/)J.s 

RL =10Q (note 4) 

tn tf Small Signal Rise or 
Av= +1 

200 200 ns 
Fall Time 

Small Signal Overshoot 10 10 % 

GBW Gain-Bandwidth Product 4.0 5.0 5.0 MHz 

RL = co 
(note 4) 

ts Large Signal Settling 2.0 2.0 )J.s 
Time to 0.Q1 % 

THO Total Harmonic Distortion 
Po=0.5W f=1kHz 

0.008 0.008 % RL =10Q 

Note 1: Specification is at TA = 25·C. Actual values at operating temperature may differ from the TA = 25·C value. When supply voltages 
are ±15V, quiescent operating junction temperature will rise approximately 20·C without heat sinking. Accordingly, Vos may change 
0.5 mV and Ie and los will change significantly during warm-ups. Refer to the Ie vs. temperature and power dissipation graphs for expected 
values. Power supply voltage Is ±15V. Temperature tests are made only at extremes. 

Note 2: Change In offset voltage with dissipated power Is due entirely to average device temperature rise and not to differential thermal 
feedback effects. Test is performed without any heat sint<. 

Note 3: At light loads, the output swing may be limited by the second stage rather than the output stage. See the application section 
under "Output swing enhancement" for hints on how to obtain extended operation. 

Note 4: These parameters are sample tested to 10% L TPD. 
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Application Hints 

Input Voltages 

The effects of board leakage can be minimized byenclr· 
cling the input circuitry with a conductive guard ring 
operated at a potential close to that of the inputs. 

Electrostatic shielding of high Impedance circuitry is 
· advisable. . 

Error voltages can also be generated In the, external cir
cuitry. Thermocouples formed between dis,similar 
metals can cause hundreds of· microvolts of error in the 

TheLH0101 operational amplifier contains iFET Input 
devices which exhibit high reverse breakdbwnvoltages 
from gate to source or drain. This eliminates the need 
for input clamp diodes, so that high differential input 
voltages may be applied without a large increase in 
Input current. However, neither input voltage should be 
allowed to exceed the negative supply as the resultant 
high current flow may de~troy the unit. 

.. presence of temperature gradients. 

Exceeding the negative common-mode limit on eitt)er 
Input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding high 
or low state. Exceeding the negative common-mode 
limit on both Inputs will force the amplifier output to a 
high state. In neither case does a latch occur since 
raising the input back within the common-mode range .. 
again puts the input stage and thus the amplifier in Ii 
normal operating mode. 

Exceeding the positive common,mode limit (,/, a single 
input will not change the phase of the output however, if 

, both il1putS exceed the limit, the output of the amplifier 
will be forced to a high state. 

These amplifiers will. 9perate with the common· mode 
input voltage equal to the positive supply. In fact, the 
common~mode voltage may exceed the positive supply 
by approximately 100 mV, independent of supply voltage 
and over the full operating temperature range. The positive 
supply may therefore be used as a reference on an input 
as, for example, Ina supply current monitor and/or limiter. 

With the LH0101 there is a temptation to remove the 
bias current compensation resistor normally used on 
the non-inverting Input of a summing amplifier. Direct 
connection of the'inputs to ground or a low-impedance 
voltage source Is not recommended with supply' volt
ages greater than 3V. The potential problem involves 
loss of one supply which can cause excessive current in 
the second supply. Destruction of the IC could result if 
toe current to the inputs of the device is not limited to 
less than 100 mA or if there is much more than 11'F 
bypass on the supply buss. 

Although difficulties can be largely avoided by 
installing clamp diodes across the supply lines on every 
PC board, a conservative design would include enough 
resistance in the input lead to limit current to 10 mA if the 
Input lead is pulled to either supply by internal currents. 
This precaution is by no means limited to the LH0101. 

Layout Considerations 

When working with circuitry capable of resolving pico-, 
ampere level,slgnals, leakage currents in circuitry exter
nal to the op amp can significantly degrade perform
ance.Hlgh quality Insulation'is a must (Kel-F and Teflon 
rate high). Proper cleaning of all insulating surfaces to 
remove fluxes and other residues is also required. This 
Includes the IC package as well as sockets and printed 
circuit boards. When operating in high humidity environ
ments or near O'C, some 'form of surface coating may be 
necessary to provide a moisture barrier. 
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Since the LH0101 can deliver large outp.ut currents, 
careful attention should be paid to power supply, power 
supply bypassing and loa,q currents. Incorrect 
grounding of signal Inputs and load can cause signifi
cant errors. 

Every attempt should be made to achieve a single point 
ground system as shown In the figure below. . 

\ 
: CB VOUT+ 

LOAO HIGH 
CURRENT 

POWER 
SUPPLY 

~ ~--~----------~----~II J 1 ~ __ ~TU~T-__ ~ 

FIGURE 1. Slngle·Polnt Grounding 

Bypass capacitor CBX should be used if the lead lengths 
of bypass capacitors CB are long. If a single point ground 
system is not possible, keep Signal, load, and power sup
ply from intermingling as much as possible. For further 

· information on proper grounding techniques refer to 
"Grounding and Shielding Techniques in Instrumenta
tion" by Morrison, and "Noise Reduction Techniques in 

· Electronic Systems" by Ott (both published by John 
Wiley and Sons). 

Leads or PC board traces to the supply pins, short-cir
cuit current limit pins, and the output pin must be sub
stantial enough to handle the high currents that the 
LH0101 is capable cif producing_ 

Short Circuit Current Limiting 

Should current limiting of the output not be necessarY, 
· SC+ should be shorted to V+ and SC- should be 

shorted to V-. Remember that the short circuit current' 
limit is dependent upon the total resistance seen 
between the supply and current limit pins. This total 
resistance includes the desired resistor plus leads, PC 
Board traces, and solder joints_· Assuming a zero TCR 
current limit resistor, ,typicai temperature coefficient of 
the short circuit will be approximately .3%. . 

, ~ 
. . 0.6 

·Short circuit current will be limited to approximately RSC' 



Thermal Resistance 

The thermal resistance between two pol nts of a conduc
tive system is expressed as: 

where subscript order indicates the direction of heat flow_ 
A simplified heat transfer circuit for a cased semiconduc
tor and heat sink system is shown in the figure below_ 

The circuit is valid only if the system Is in thermal equi
librium (constant heat flow) and there are, Indeed, single 
specific temperatures TJ, Tc, and Ts (no temperature distri
butiqn in junction, case, or heat sink). Nevertheless, this Is 
a reasonable approximation of actual performance. 

JUNCTION TEMP •• TJ 
HEATINPUT~ 

6JC 

CASE TEMP •• TC 

6CS 

HEAT SINCE TEMP., TS 

TJ > TC > TS > TA 6SA 

-=- AMBIENT TEMP. TA 

FIGURE 2_ Semiconductor-Heat Sink Thermal Circuit 

The junction-to-case thermal resistance BJC specified in 
the data sheet depends upon the material and size of 
the package, die size and thickness, and quality of the 
die bond to the case or lead frame. The case-to-heat 
sink thermal resistance Bcs depends on the mounting of 
the device to the heat sink and upon the area and quality 
of the contact surface. Typical Bcs for a TO-3 package is 
0.5 to 0.7°ClW, and 0.3 to 0.5°C/W using silicone grease. 

The heat sink to ambient thermal resistance BsA depends 
on the quality of the heat sink and the ambient conditions 

Cooling Is normally required to maintain the worst case 
operating junction temperature TJ of the device below 
the specified maximum value TJ(MAX)' TJ can be calcu- _. 
lated from known operating conditions. Rewriting the 
above equation, we find: 

Where: Po = {Vs - VouT)louT + IV + - {V - )lla 

BJA = BJC + Bcs + BSA and Vs = Supply Voltage 

BJC for the LH0101 is about 2°CIW. 

Stability and Compensation 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pickup" and maximize the fre
quency of the feedback pole' by minimizing the capa
citance from the input to ground. 
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A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many Instances the frequency of this pole Is 
much greater than the expected 3dS frequncy of the 
closed loop gain and consequently there Is negligible 
effect on stability margin. However, if the feedback pole 
is less than approximately six times the expected 3dS 
frequency a lead capaCitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con
sistant of this capacitor and the resistance It parallels 
is greater than or equal to the original feedback pole 
time constant. 

Some inductive loads may cause output stage oscilla
tion. A .D1"F ceramic capacitor in series with a 10Q 
resistor from the output to ground will usually remedy 
this situation. 

Y+ 

YIN 

Y-

INDUCTIYE 
LOAD 

FIGURE 3. Driving Inductive Loads 

Capacitive loads may be compensated for by traditional 
techniques. (See "Operational Amplifiers: Theory and 
Practice" by Roberge, published by Wiley): 

YIN-,\M"-+"1 

Y-

Cc 

RC 

CAPACITIYE 
~LOAD 

FIGURE 4. Rc and Cc Selected to Compensate for 
Capacitive Load 

A similar but alternative technique may be used for the 
LH0101: 

Y+ 

VIN-"W ..... H 

FIGURE 5_ Altemate Compensation fa! Capacitive Load 



Output Swing Enhancement 

When the feedback pin is connected directly to the out
put, the output voltage swing is limited by the driver 
stage and not by output saturation. Output swing can 
be increased as shown by taking gain in the output 
stage as shown in High Power Voltage Follower with 
Swing Enhancement below. Whenever gain is taken in 
the output stage, as in swing enhancement, either the 
output stage, or the entire op amp must be'appropriately 
compensated to account for the additional loop gain. 

Typical Applications 

See AN261 for more information 

+15 

YIN 

FIGURE 6. High Power Voltage Follower 

y+ 

Y-

Output Resistance 

The open loop output resistance of the LH0101 is a func· 
tion of the load current. No load output resistance is 
approximately 10Q. TJ:lis decreases to u'nder an ohm lor 
ioad currents exceeding 100mA. 

+15 

FIGURE 7. High Po_i Voltage Follower with Swing 
Enhancement . 

YOUT 

FIGURE 8. Restricting Outputs to Positive Voltages only 
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V+-.----.-------~ 

FIGURE 9. Generating a Split Supply from a Single Voltage Supply 

VREF 

OAC1218 

DO 1111 

FIGURE 10. Power DAC 

8Q 

-20 

FIGURE 11. Bridge Audio Amplifier 
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6.9V 
LM199 

+40 

.... --_ +5 TO +35 

*"GND 
+---_ -5 TO -35 

±5 TO ±35 
POWER SUPPLY 
SOURCE OR SINK 

FIGURE 12. :1:5 to :1:35 Power Source or Sink 

+15 

1M 

)--
-15 . 

FIGURE 13. Remote Loudspeaker via Infrared Link 

+15 

VlN 

VIN 
lOUT = RSENSE 

DEFLECTION 
YOKE 

RsENSE 

FIGURE 14. CRT Deflection Yoke Driver 



FIGURE 15. DC Servo Amplifier 

+15 

lOUT = 200mAlV 

-15 

FIGURE 16. High Current Source/Sink 

00·07 
SW1·8 

Wii WH ADH 1·14 
AD. MM54104 

INTH 
CMS SPC HDATA 1·8 
INTH HOMEN 

CS CS OSC OSC 

SPEECH DIGITALKEH 
HOM KIT 

SPEECH IN OUT 

1.5k 

1M 

lOOk 
+15V 

20pF *' *,50PF 

220pF .J. 

27Dk 

FIGURE 17. "DIGISHOUTER" 
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~ Semiconductor 

Operational Amplifiersl Buffers 

LH740AlLH740AC FET Input Operational 
Amplifier 
General Description 
The LH740A/LH740AC is a FET input. general 
purpose operational amplifier with high input 
impedance. closely matched input characteristics. 
and good slew rates. Input offset voltage is typi· 
cally 10.0 mV at 25°C. while input bias current is 
less than 100 pA at 25°C. Offset current is typi· 
cally less than 40 pA at 25°C. Other. important 
design features include: 

• Internal' 6 dB/octave frequency compensation 

• Unity gain slew rate in excess of 6 V //Js 

• Unity gain bandWidth of 1 MHz 

• Input offset is adjustable with a single 10k pot 

• Pin compatible with LM741, LM709, LM101A. 

• Excellent offset current match over tempera, 
ture. typically 100 pA 

Connection Diagram 
Ne 

.. 
fD'YIEW 

• Output is continuously short·circuit proof 

• Excellent open loop gain. typically 'in excess of 
100 dB 

• Guaranteed over the full military temperature 
range 

The LH740A/LH740AC is intended to fulfill a 
wide variety of applications requiring extremely 
low bias currents such as integrators. sample and 
hold amplifiers. and general purpose operational 
amplifier applications. 

,The LH740A is specified for operation over the 
-55"C to + 125°C military temperature range. The 
LH740AC is specified for operation over the O°C 
to' +85"C temperatu~e range. 

Order Number Ul74DAH or lH74DACH 
See Package H DBA 

Typical Applications 
Integrator 

r--- - ------ -- --------- -----;H.;;; 
HUll r 

, .. ~ __ ..J 

I 
I 
I 
I 
I L.. ____ _ 

r-- -

I 
I 
I 
I 

Transient Response 

.--------..... - .... --_ .. ". 
" 

Offset Null ,. 
V IIU1 

."'UT OUTPUT 
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Absolute Maximum Ratings 

Supply Voltage 
Maximum Power Dissipation 
Differential Input Voltage 
Input Voltage 
Short Circuit Duration 
Operating Temperature Range 

Storagl} Temperdlure Range 

LH740A 
LH740AC 

Lead Temperature (solderhlg, 10 c;ec.) 

±22V 
500n1W 

±5V 
±t5V 

Continuous 
_55°C to "'2&f'C 

O°C to t85"C 
··BSoe to -t lS00 e 

300"C 

Electrical Characteristics (Note 1) (VS = ±15V, TA = 25°C unless otherwise noted) 

PARAMETER 

Input Offset Voltage 

InputOftsel Current 

Input Current {either Inputi 

Input ReSistance 

largl! Signal Vollage Gain 

Output R~lslance 

Output Short Circuit Current 

Common Made Rejection RatiO 

SupplV Voltage RejEction RatiO 

SupplV Current 

Sh'w R;!tc 

Unit.,. Gotll) 8,tndw.dlh 

Transient Re5,pul):;e (Unity Gam} 
Rlst!tlme 
Overshoot 

CONDITIONS 

As :::'l00kH 

T J = 2S"C (Note 2i 
TJ • 25°C (Note 21 

T J = 25°C (Note 2) 

RL ~2 kH, VOUT "" t10V 

MIN 

50,000 

80 

BO 

LH740A 
TVP 

10 

40 

100 

1,000,000 

100,000 

'5 

20 

30 

60 

10 

110 
10 

MAX 

15 

100 

200 

40 

20 

MIN 

50,000 

80 

BO 

LH740AC 
TVP MAX UNITS 

10 20 mV 

60 150 pA 

100 500 pA 

1,000,000 M~ 

100,000 V!V 

75 n 
20 mA 

dB 

dB 

30 40 mA 

6.0 V/IJ$ 

10 MH, 

300 " 10 " (These specification,> apply for -55' C ~ T A -:: 125 C tur the LH740A dnd O'C:s. T A::;: 85-'C for the LH740AC unless otherwise noted.) 
Input Voltage Ranqe ±12 :t12 

Common Moue RefEctIon RatiO 80 80 

Supply Voltagf' Rejection RatiO 80 eo 
large Signal Vo1ta\l~' Gam 40,000 40,000 

Output VOI13(jf" SWlrlg Rl. 2: 10 kll :t12 .t14 :!'12 
Rl.22Ul .tID .t.13 :t1D 

I"pul OHset Vottlflc IS 20 

Input Offset Current 100 500 

Input Current (I'lther mpull 2.5 ".0 

QIf!.et Volt .. geOrdt Rs~ lOOK 50 

Note 1: For supply voltages less than ±10V. the absolute maximum input voltage is equal to the 
supply voltage. 

Note 2: Due to high speed automatic testing, these parameters are correlated to junction temperature. 

:t 14 

:t13 

30 

60 

11 

50 

Typical Performance Characteristics 
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~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LH2011/LH2011 B/LH2011 C Dual Operational Amplifiers 

General Description 
The LH2011 series of dual operational amplifiers contain a 
pair of LM11 op amps in a single hermetic package, com· 
bining the' best features of existing bipolar and FET op 
amps. The LH2011 is similar to the LH2108A, except that 
input currents have been reduced by more than a factor of 
ten. Offset voltage and drift have also been improved. 

Compared to FETs, the device provides inherently lower 
offset voltage and offset voltage drift, along with at least 
an order of magnitude better long-term stability. Low fre
quency noise is also somewhat reduced. Bias curren\ is 
significantly lower even under laboratory conditions, and 
·the low drift makes compensation practical. Offset cur
rent i·s almost unmeasurable. ·Although not as fa,st as 
FETs, it does have a much lower power drain. This low 
dissipation has the added advantage of eliminating warm 
up time in critical applications. 

Typical characteristics for 25'C (- 55°C to 125°C) are: 

• Offset voltage: 100 IN (200 "V) 
• Bias current: 25 pA (65 pAl 
• Offset current: 0.5 pA (3 pAl 

• Temperature drift: 1 "V/oC 
• Long-term stability: 10 p.V/year 

Connection Diagrams 

The LH2011 is internally compensated, but external com
pensation may be added for improved frequency stability, 
particularly with capacitive loads. Offset voltage bal
ancing is also provided, with the balance rangedetermined 
by a low-resistance potentiometer. 

Otherwise, the device is the electrical equivalent of the 
LH2108, except"that the negative common-mode limit is 
O.6V less, performance is specified down to ± 2.5V 
and the guaranteed output drive has been increased to 
± 2 mAo The input noise is somewhat higher, but amplifier 
noise is obscured by resistor noise with higher source 
resistances. 

The LH2011 has applications as electrometer amplifiers, 
charge integrators, analog memories, low frequency ac
tive filters or for frequency shaping in slow servo loops. It 
can be substituted for existing circuits to provide im· 
proved performance or eliminate trimming operations. 
The greater precision can also be used to extend the 
dynamic range of logarithmic amplifiers, light meters and 
solid-state particle detectors. 

The LH2011 is manufactured with standard bipolar proc
essing using. super-gain transistors. 

Dual·ln·Line Package Flat Package 

COMP 15 

INV INPUT 4 

NON.INV INPUT 5 
BALANCE { : 

INPUT{ 

V- 6 

COMP 7 

TOP VIEW 

Order Number LH2011D, LH2011BD, 
or LH2011CD 

See PackaQe D16C 
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TOP VIEW 

Order Number LH2011F 
or LH2011BF 

See Package F16B 



Absolute Maximum Ratings 
Vs Total Supply Voltage 40V 

liN Input Current (Note 1) ±10mA 

PD Power Dissipation at 25'C 500mW 
Derate Linearly above 100'C at 100'C/W 

Isc Output Short-Circuit Duration (Note 2) Indefinite 

TJ J unction Temperature 150'C 

Tst9 Storage Temperature Range - 65'C to + 150'C 

TA Operating Temperature Range 
LH2011CD -25'Cto +85'C 
LH2011 D, LH2011 F - 55'C to + 125'C 
LH2011 BD, LH2011 BF - 55'C to + 125'C 

Lead Temperature (Soldering, 10 seconds) 300'C 

Electrical Characteristics Vs= ± 15V, TMIN:5TJ:5TMAX unless noted. 

Parameter Conditions 
LH2011 LH2011B LH2011C 

Units 
Min Typ Ma~ Min Typ Max Min Typ Max 

Vas Input Offset I TJ=25'C 0.1 0.3 0.2 0.6 0.5 1 

Voltage 
mV 

0.6 1.1 1.3 

los Input Offset 
Note 3 

L TJ = 25'C 0.5 10 1 10 4 25 
Current 30 30 50 

pA 

18 Input Bias I TJ=25'C 25 50 40 100 70 180 
pA 

Current 150 300 400 

RIN Input Resistance 10" 10" 10" (l 

AVos/AT Offset Voltage 1 3 2 5 3 ~V/'C 

Drift 

Ale/AT Bias Current Drift Note 4 0.5 1.5 0.8 3 1.4 pA/'C 

Alos/c.T Offset Current 20 20 50 fA/'C 
Drift 

Av Large Signal Vs= ±15V '1 TJ=25'C 100 300 ,100 300 50 300 
Voltage Gain 10= ±2mA Vo= ±12V 

Vo= ±11.5V 50 50 15 
VlmV 

Vs= ±15V I TJ =25'C 250 1200 250 1200 90 800 
10= ±0.5mA Vo= ±12V 

- Vo= ±11.5V 100 100 30 

CMRR Common·Mode I TJ=25'C 110 130 110 130 96 110 
dB 

Rejection VCM = -13V, +14V 100 100 90 

PSRR Power Supply I TJ=25'C 100 118 100 118 84 100 
dB 

Rejection Ratio Vs= ±2.5V to ±20V 96 96 80 

Is Supply Current I TJ =25'C 0.3 0.6 0.3 0.8 0.3 0.8 
0.8 1 

mA 
1 

Ise Output Shorl TJ =TMAX ±15 ±15 ±15 mA 

Circuit Current 

Note 1: The inputs are shunted with back·ta-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage In ex-
cess of 1V is applied between the inputs unless some limiting resistance is used. In addition. a 2 kU minimum resistance in each input is advised to avoid 
possible latch-up initiated by supply reversals. 

Note 2: Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continuous overloads, package dissipa· 
tlon must be taken into account and heat sinking provided when necessary. 

Note 3: These specifications apply fort est at Vs = ± lSV and VCM = -12.SV (-13V at 2S°C).14V; Vs = ± 20V andVCM = OV; in addition. Vas is also tested at 
Vs = ± 2.5V and VCM = OV. 
Note 4: Drift parameters are sample tested to 5% lTPO at the same conditions as Note 3. The values are average-calculated from measurements at 2S"C and 
l2SoC. 
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Typical Characteristics (for single device) 
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Input Bias Current 
150 

±2.5V :::; Vs:::; ±2OV 

100 

50 

\. , \ LHJOlld 

........ " K 
............. r--.. ~ 

LH2011 I'" ~011f-

~ 
-50 l' 

-50 50 100 150 

lk 

500 

200 

100 

50 

20 

10 

TEMPERATURE ('C) 

Drift: Single Source 
Resistor (Unbalanced) 

SOURCE RESISTANCE (n) 

Input Common-Mode Limits -- '-V+ ~OSI+I\iE 
~ -1 

~ 
J L J 

'2.5~':: Js <: ~20V 
~ 

'" '" :; 
" co 

i 

AVOS< 10"V -- I I ---LI 
NEGATIVE 

o 
-50 

fV- I I 
50 100 150 

TEMPERATURE ('C) 

Output Saturation 
. Threshold 

v+ -- 125'C 

~ 
25'C 

---55'C 

-~ .... r ..... ~ ;;:., 
±2,5~ S Vs S ±t5V 
AVOS = 10j.lV 
~VOS'20"V(t25'C) 

~ 

/ - - -~ ,-~ - V-
o 

o , 
LOAO CURRENT l±mA) 

l~ 
.? :s 
~ 

'" "" 
~ 
> 
~ 

!a 
co z 

1D 

"" 15 
~ 
~ 
~ 

" '" " ~ 
" § 

Input Offset Current 

±2.SV :::; Vs $ ±zov I 

I 

" I 
..... V 

o 
-50 50 100 150 

10k 

5k 

2k 

lk 

500 

200 

100 

140 

120 

100 

80 

60 

40 

20 

TEMPERATURE ('C) 

Equivalent Input Noise 

TJ=25'.C 
100 

50 

20 

10 " " CURRENT _ 

-l-:-~ 
VOLTAGE 

10 100 lk 10k 
1 

tOOk 

FREQUENCY 1Hz) 

Common-Mode Rejection 

10 .......... -~~ Vs = ±15V 

I"'J L\VCMmax 

CMR~"" ' AVOS <100 "V 

~ 
1 

0.1 ." ~ 
" o 0.01 

1 10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

Supply Rejection 

100 lk 10k lOOk 1M 10M 

FREQUENCY IHzI 
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Offset: Single Source 
Resistor (Unbalanced) 

100 .-::--:-=---,.-----r"7"-7I 
50 

20 

10 

-10 

-20 

140 

130 

120 

110 

100 

400 

300 

200 

SOURCE RESISTANCE (l"l) 

Input Noise 

'MAX' 1 Hz 
R,' 100kl"l 
TJ' 25'C . 

!J", ~"'" .J\; :I\.~ ~~ ,o1i .. ,W, ~ 

100 200 

TlME(s) 

. I, 

300 400 

Large Signal Voltage Gain 

f ':fO.l Hz 
VSAT' t.5V 
RL>2 Vs Ikl"l) 

-5:;' .'----," ~'C ,.",'" 
r 

, 
o 

". ,. 
, 125'C 

12 

SUPPLY VOLTAGE I. V) 

Supply Current (Each 
Amplifier) 

- - 125'C 
---25°C 
--- _55°C 

! 
I Ii , 

10 

SUPPLY VOLTAGE I<V) 

16 

100 



Typical Characteristics (Continued) (for single device) 

Open Loop Response Follower Settiing Time' Inverter Settling Time 
100 100 IZO 

180 ~~ ~ SLEW DELAY: == POSITIVE STEP: 70~, ...... ~~ ~ SLEW DELAY: 

~~ 
~ POSITIVE STEP: 70~, 100 

;; " .,-GAIN 

~~ 
- NEGATIVE STEP: 6Dps ;; 

.!i 
- NEGATIVE STEP: 50ps 

m 
80 135 .!i - .l.VOUToZDV - .l.VOUT=ZOV 

§ R,=R,=ZDk z 

~ 60 

~ w 10 
'" '" ~ " .'- PHAS~ 

~ R.=Rf=2Dk 
Vs = ±15V 

w 

'" " 
10 ~~ :::::: VS= i15V 

w '. 
'" 40 \~ 
> ZO 

.'-,. 
.'-
"-

---Cc=O C--

---Cc"'1DOOpF C--
-ZO 

90 
~ ~ ,. ,. .. 

" 45 :::; 
c 

~ 

~ 
0.1 

.... 

~ 
C 
> 

" C 

" ffi 
\ 

0.1 \ 
0.1 10 100 Ik 10k lOOk 1M 

FREOUENCY (H') 

o 10 ZO 3D 40 

TIME 11<,) 

50 o 10 

Slew Rate 
Stability with Over· 
Compensation 

Closed Loop Output 
Impedance 

Z.O 
-3 rnA '$IL '$ 3 mA l .... 
AV=+l 

'/ 

10 

'" 

Ik 
'OUT-±I mA :.±. -r-"" ..... r- -

-I- -looJ Flo '/ i,/ 
P'II' '/l 

S m 
~ 

!:i w 

1.8 /17' AV = 10001 100 

u 

, /., 
./ ,r--~ ~rpF.4.7k 

1/ , L ..... I " / 1"- '. 

3 ~ z 
~ 

'" ~ z .. l!i 
~ ~ g t-

" C 

" 
(A) 16 

5 LHZOll 
• IS 

1.& 

1.4 / AV = I 

/V 

10 

77 ~iol ~F. 1500 PFII~Zk --
W 

"ICc 

1.0 

1.Z 

0.01 
'/ 

0.1 

0.01 
10 100 Ik 10k 10-10 10-9 10-8 10-7 10-6 10-5 10 100 Ik 10k lOOk 1M 10M 

FREQUENCY (HI) EXTERNAL COMPENSATION CAPACITOR (pF) CAPACITIVE LOAD (F) 

Application Hints 
When working with circuitry capable of resolving pico
ampere level Signals, leakage currents in circuitry external 
to the op amp can significantly degrade performance. 
High quality insulation is a must (Kel-F and Teflon rate 
high). Proper cleaning of all insulating surfaces to remove 
fluxes and other residues is also required. This includes 
the IC package as well as sockets and printed circuit 
boards. When operating in high humidity environments or 
near O·C, some form of surface coating may be necessary 
to provide a moisture barrier. 

The effects of board leakage can be minimized byencir
cling the input circuitry with a conductive guard ring 
operated at a potential close to that of the inputs. For 
critical applications, the floating metal lid is best con
nected to the guard. This might be accomplished with a 
dab of conductive paint connecting the metal lid to the 
"no-connection" pin 14. 

Electrostatic shielding of high impedance circuitry is 
advisable. 

Error voltages can also be generated In the external cir
cuitry. Thermocouples formed between dissimilar metals 
can cause hundreds of microvolts of error in the presence 
of temperature gradients. The most troublesome thermo-

3-387 

couples are the junction of the IC package and the printed 
circuit board (35 p.V/·C for copper-kovar) 'and internal 
resistor connections. Problems can be avoided by keeping 
low level circuitry away from heat generating elements. 
Mounting the IC directly to the PC board while keeping 
package leads short and the Input leads close together 
can also help. 

With the LH2011 there is a temptation to remove the bias
current-compensation resistor normally used on the non
Inverting input of a summing amplifier. Direct connection 
of the inputs to ground or a low-impedance voltage source 
is not recommended with supply voltages greater than 
about 3V. The potential problem involves the loss of one 
supply which can cause excessive current in the second 
supply. Destruction of the IC could result if the current to 
the input of the device is not limited to less than 100 mA or 
if there is much more than 1 p.F bypass on the supply buss. 

Although these difficulties can be largely avoided by in
stalling clamp diodes across the supply lines on every PC 
board, a conservative design would include enough resist
ance in the input lead to limit current to 10 mA if the input 
lead is pulled to either supply by internal currents. This 
precaution is by no means limited to the LH2011. 
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Input Guarding 

Input guarding can drastically reduce surface leakage. 
Layout for the LH2011 is shown here. Guarcling both sides 
of board is required. Bulk leakage reduction is less and 
depends on guard ring width. 

GUARD 

v' 

I 
16 15 

GUARD 

Guard ring is connected to low impedance point at same 
potential as sensitive input leads. Connections for various 
op amp configurations are· shown here. 

RI R2 
INPUT -'W""'"-1----""',."..---, 

OUTPUT 

16 
~-~~-DUTPUT 

INPUT ----A....::t 

Rl R2 

OUTPUT 

INPUT-----Tr~ 
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Input Protection 

Current Is lImited by R2 even when input Is connected to 
voltage source outside common-mode range. If one supply 
reverses, current is limited by Rl. These resistors do not 
affect normal operation. 

R3 
INPUT-1'---""'''''''---, 

R2 
10k 

Rl 
10k 

OUTPUT 

Input resistor limits current when input exceeds supply 
voltages, when power for op amp Is turned off or when out· 
put is shorted. 

Rl 
10k 

INPUT -...,.""'-........ 

Balancing and Over·Compensation 

OUTPUT 

Over·compensation will improve stability with capacitive 
loading (see curves). Offset voltage adjustment range is 
determined bV balance potentiometer resistance as indio 
cated in the table. 

MlnAdj 
Range 

±SmV 

±2 

±1 

±O.8 
±O.4 

R 

100 kll 

10k 

3k 

3k 

lk 
lSee stability with 

over-compensation curve 



Resistance Multiplication 

Equivalent feedback resistance is 10 GO, but only stand· 
ard (esistors are used. Even though the offset voltage is 
multiplied by 100, output offset is. actually reduced 
because error is dependent on offset current rather than 
bias current. Voltage on summing junction is less than 
5mV. 

Af~A2 (1+~) 
A2» A3# A4 

'" gain trim 

R2 
tOOM 

1% 

R3 
1M 
1% 

R4* 
9.9k 
1% 

":" 

VOUT 

Follower input resistance is 1 GO. With the input open, off· 
set voltage is multiplied by 100, but the added error is not 
significant because the op amp offset is low. 

R3 
10k 

VOUT 

VIN 

R2 
10M 

Rl 
1M 

":" 

This circuit multiplies RC time constant to 1000 seconds 
and provides low output impedance. 

Rl 
tOM 

R3 
tOOk 

R~ 
10M 

INPUT...,... """>h-4I-#tI\/Ir ... -~ 

T~ At C(A2+ A3) 
A3 

~VOUT~ At + R3 (ISR2+ VOs) 
R3. 

OUTPUT 

3-389 

A high·input·impedance ac amplifier for a piezoelectric 
transducer. Input resistance of 880 MO and gain of 10 is 
obtained. 

OUTPUT 
Xl c:::::J 

~ Rt 
22M 

R3 R4 
R2 510 t82k 

t9.&k t% 
t% 

A ~Rl (t +~) Av~ R2+ A3+R4 
IN R3 A2+ R3 

Cable Bootstrapping 

Bootstrapping input shield for a follower reduces cable 
capacitance, leakage, and spurious voltages from cable 
flexing. Instability can be avoided with small capacitor on 

. input. 

OUTPUT 

INPUT 

With summing amplifier, summing node is at virtual 
grQund so input shield is best grounded. Small feedback 
capacitor insures stability. 

INPUT 

Rt 
2k 

OUTPUT 

r
::E: 
N 
g ..... -r-
::E: 
I\) 

g ..... 
m -r-
::E: 

9 ..... 
(') 



Differential Amplifiers 

This differe'ntial amplifier handles high input voltages. 
Resistor mismatches and stray capacitors should be 
balanced out for best common·mode rejection. 

VCM(MAX)= ~ VOUT(MAX) 
R3 

AV= ~ 
Rl 

Rl 
100M 

1% 

INPUTS 1-
"'0VMAX +_'\1\,.". ... __ .... -""1 

R' 
100M 

1% 

e21 
10pF 

el 
5pF 

R3 
•• 19M 

1% 

OUTPUT 

Vs= :t15V 
t trim lor dc CMRR 

* trim lor ac CMRR 

Two op-amp instrumentation amplifier has poor ac 
common-mode rejection. This can be improved at the ex
pense of differential 'bandwidth with C2. 

* gain set 
t trim lor dc CMRR 

10=10 Hz 

R' 
10k 
1% 

R5" 
Uk 
1% 

INPUTS 

R3 
10k 
1% 

R. 
1M 
1% 

OUTPUT 

High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compensa
tion. Differential bandwidth is reduced by C1 which also makes common-mode rejection less dependent on matching of input 
amplifiers. 

Rll 
lOOk 

R1 
" 'OOk ,. 

R10* 
INPUTS '" " 

RI** 
Rl' §Ok lOOk 

" 
R8 R9 

'G 200k ,. 

R13 

'" ,. 

., 
O.01I<1F 

Rl. 
10k 
1% 

RIS 
lOOk 
1% 

tt current zero 

* voltage balance 
* gain 

t de CMRR 

** acCMRR 

OUTPUT 

For moderate-gain instrumentation amplifiers, input amplifiers can be connected as followers; This simplifies circuitry, but 
A2 must also have low drift. 

INPUT 

+ 

'18 
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Rl 
10k 
1% 

., 
1M 
1% 

OUTPUT 

Rl =R3; R2=R4 

Av=~ 
Rl 

ttrim lor de CMRR 

*set lor ae CMRR 



Bias Current Compensation 

Precise bias current compensation for use with unreg
ulated supplies. Reference voltage is available for other 
circuitry. 

v· 

Rl 
10k R2 R3 

68k 30k 

01 
LMl85 
1.2V 

Voltmeter 

R4 
1.3M 

INPUT Cl 

R6 
lCOM 

10~~ >· .... -J\NIr-.... -~ 

R7 
2. 

This circuit shows how bias currenl compensation can be 
used on a voltage follower. 

OUTPUT 

Rl 
100M 

R3 
1.3M 

R2 
lOOk 

INPUT-4~---"'I 

111 
280p.A t 

R4 
lAk 

R5 
240 

OUTPUT 

High-input·impedance millivoltmeter. Input current is proportional to input voltage, about 10 pA at full-scale. Reference could 
be used to make direct reading linear ohmmeter. 

• 1 x scale calibrate 

t 3x scale calibrate 

f includes reversIng sWItch 

R2 
68k 

Rl1 
8.17 
1% 

R8 
75 
1% 

RANGE 

1 mV 10mV 

16 

R9 RIO 
750 7.5k 
1% 1% 

100mV IV 
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R16 
1.2k 

R17 
8.2k 

R18 
8.2k 

R19 
1.2k 

T 81 
I 9V 

_I-
T O~OFF 

R20 b-'f ( 

2:A~ERIES ~ I 
NOK 1- ~ 

T 82 
I 9V 

_1-

V--4~-~------~ 

RI2 
2k 

Dl 
lN451 

R13 
2.5k 

3, 

R14* 
15k 

SCALE 
Ix 

0 

R1St 
1.25k 

r
:I: 
N 
g 
...... -r-
:I: 

9 ...... 
to -r 
:I: 

9 ...... 
n 



o ,.... 
~ 
J: 
..J -al ,.... 
~ 
J: 
..J -,.... 
~ 
J: 
..J 

/ 

Ammeter 

Current meter ranges from 100 pA to 3 mA full-scale_ Voltage across input is 100 p.V at lower ranges rising to 3 mV at 3 mAo Buf
fers on op amp are to remove ambiguity with high-current overload. Output can also drive DVM or DPM. 

Current Source 

09 
2k 

R10* 
6.65k 

R11t 
2.8k 

,00". M, 

t 1 x scale calibrate 

... 3x scale calibrate 

* includes reversing switch 

SCALE 

0" 

02 03 
1N451 lN457 

tt 

Precision current source has 10 "A to 10 mA ranges with output compliance of 30V to - 5V. Output current is fully adjustable 
on each range with a calibrated, ten-turn potentiometer. Error light indicates saturation. 

B' -
9V I 

1>5.'VI I 

ON/OFF 

O. 
91k 

R' 
3.9k 

0' 
lMJ85 
1.2V 

ERRORI 
BATTERY 

OK 
N 

R2. A 02 

10Sk 
,', 

L BATTERV 
rreST 

08 
'00 

REVERSE 

.. ________ -4 ________ ~~~'%~--0~~R~AN~G~E_ol0mA 
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R9 
1k 
1% 

R14 
100M 
", 
~ 

lmA 

10nA 

... calibrate range 

ts.'ec' for ICBO" 100 pA 



Fast Amplifiers 

These inverters have bias current and offset voltage of 
LH2011 along with speed of the FET op amps. Open loop 
gain is about 140 dB and settling time to 1 mV about 8 p.s. 
Overload·recovery delay can be eliminated by direct cou· 
piing the FET amplifier to summing node. 

Rl 
10k 

INPUT -""''Ir--+--..., 

INPUT 

C1 
15Dpf 

Al 
10k 

Cl 
500pF 

A3 
2k 

A4 
1M 

..,. 

R2 
10k 

..,. 
AS 
10k 

C3 
30pF 

C2 
047/-1F 

OUTPUT 

01 
IN457 

OUTPUT 

This 100x amplifier has small and large signal bandwidth 
of 1 MHz. The LH2011 greatly reduces offset voltage, bias 
current and gain error. Eliminating long recovery delay for 
greater than 100% overload requires direct coupling of A2 
to input. 

Al 
2k 

INPUT ~W"""+------1H 

Cl 
500pF 

A4 
10k 

C2 
3pF 

OUTPUT 
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FollovJer has 10 P.s settling to 1 mV, but Signal repetition 
frequency should not exceed 10 kHz if the FET amplifier is 
ac coupled to input. The circuit does not behave well if 
common·mode range is exceeded. 

Al 
10k 

INPUT -<10-'11\0",""--1 

Cl 
O.02pF 

Heater Control 

A3 
1M 

AS 

4" 

01 
lN457 

Proportional control crystal oven heater uses lead/lag 
compensation for fast settling. Time constant is 'changed 
with R4 and compensating resistor R5.lf Q2 is inside oven, 
a regulated supply is recommended for 0.1'C control. 

AS 
41k 

,,< 
lMJ35Z 

01 
lMJ36 

2.SV 

Al 
tB2k 
1% 

A3 
20k 

TEMP SET 
'''"C) 

it solid tantalum 

t mylar 

• cs 
V llJ F 

t close thermal coupling between sensor and oven shell Is recommended. 

r- . 
J: 
N 
g 
...... ,-
r
J: 
g 
...... 
to -r-
J: 
g 
...... 
(") 



o ..... 
~ 
:t: 
...I -f:D ..... 
o 
N 
:t: 
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N 
:t: 
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Leakage Isolation 

Switch leakage in this sample and hold does not reach storage capacitor. 

If' Rl 

INPUT 

SAMPLE _~~.-""-'lW,,"""-If--_-..J 
OUTPUT 

'1I 
. C1* 

T 
</0 Polystyrene or Teflon 

t required if protected
gate switch is uaed 

A peak detector designed for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed before 
reaching storage capacitor . 

INPUT 

Rl 
ZOk 

Reset is provided for this integrator and switch leakage is 
isolated from the summing junction. Greater precision 
can be provided if bias-current compensation is included. 

n, 
INPUT ..... W""' ... '""" 

Rl 
Zk 

-=-

* Polystyrene or Teflon 
t required if protected

gate switch is used 

CI' 

OUTPUT 

01 01 

JNI6J 1N451 

Rzt 
10k 

RJ 
10k 

v+ 

OZ 
JN16J 

L--~~r.ESEl 

R5 
10k 

Standard·Cell Buffer 

OUTPUT 

t required if Q1 has gate
protection dlodc' 

* Polystyrene or Teflon 

300 lIS min SJflgJe pulse 

200 JIS min repetitive pUlG8 

300 Hz max sine wave error < 5 mV 

Battery powered buffer amplifier for standard cell has 
negligible loading and disconnects cell .for low supply 
voltage or overload on output. Indicator diode extin
guishes as disconnect circuitry is activated. 

r--~-~~---~'--------'---~--~-+ 

+ 

T 81 
I BV· 

_1-

lpF 

* cannot have gate protection diode; VTH> VOUT 
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R3 
3.6k 

16 

Rl 

RZ 
42.Zk 

114 
2k 

OUTPUT 



Logarithmic Amplifiers 

Unusual frequency compensation gives this logarithmic converter a 100 /lS time constant from 1 mA down to 
100/lA, increasing from 200 /lS to 200 ms from 10 nA to 10 pA. Optional bias current compensation can give 10 pA 
resolution from - 55'C to 100'C. Scale factor is 1V/decade and temperature compensated. 

15V 
1% 

Rl 
105M 

R2 
m 

R3 
1M 

":" 'iN -10pA-1 mA 

R' 
2k 

R7 
J.Jk 

VOUT 

C3 T O
.
Ol

"' 

RIO 

R12 
5.1k 

5.11M 
1% 

R. 
16.4k 

1% 

R11 
5.11k 
1% 

R,t 
lk 

R13 
140k 

1% 

-15V 
1% 

a. Set Rll for VOUT ~ 0 at liN ~ 100 "A 

b. Set RS for VOUT~3V at liN ~ 100 "A 

c. Set R3 for VOUT ~ - 4V at liN ~ 10 pA 

t 3300 pprn/'C. Type Q209 available 
from Tel Labs, Inc., Manchester, N.H. 

Light meter has eight·decade range. Bias current compensation can give input current resolution of better than 
± 2 pA over 15'C to 55'C. 

Rl' 
m 

R2 
30k 

R6 
Uk 

R7 
180 V--""''''''_-'' 
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C, 
O.OOZ2I.lF 

R9 ":'" 

91 Rtf~ 
1M 

R17 R16"'* 
750 3.6k 

03 
IN451 

R15* 
5.6k 0-100pA 

* VI ~ 0 @ liN ~ 100 nA 
t VI; - 0.24V @ liN ~ 10 pA 

Ml ~O @ liN ~10 pA 

•• Ml; fs @ liN ~ 1 rnA 

r:x: 
g 
~ -r-:x: 
g 
~ 

ttl -r-:x: 
N g 
~ 

o 



Schematic Diagram (for single device) 

COMPENSATION/CLAMP 

~~~~~-1~---t'~'~I7I~r-~----~r----------------t---------1~--~----_'_(9)V+ 

[
_ .n" 

INPUT 

... 51lJ1 

Definition of Terms 
Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference in the currents at the 
input terminals when the output is unloaded in the linear 
region. 

Input bias current: The absolute value of the average of 
the two input currents. 

~nput resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Large signal voltage gain: The ratio of the specified out
put voltage swing to the change in differential input 
voltage required to produce it. 

". '" 

'--t ____ _..'.;.;6 !8~UTPUT 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the 
extremes. 

Temperature drilt: The change of a parameter measured 
at 25°C and either temperature extreme divided by the 
temperature change. 

Supply-voltage rejection: The ratio of the specified 
supply-voltage change (either or both supplies) to the 
change in offset voltage between the extremes. 

Supply current: Ttie current required from the power 
source to operate the amplifier with the output unloaded 
and operating in the linear range. 
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~National Operational Amplifiersl Buffers 
~ Semiconductor 
LH2101A1LH2201A1LH2301A Dual High 
Performance Op Amp 
General Description 
The LH2l01A series of dual operational amplifiers 
are two LM lOlA type op amps in a single hermetic 
package. Featuring all the same performance char· 
acteristics of the single. these duals offer in addition 
closer thermal tracking. lower weight. reduced 
insertion cost. and smaller size than two singles. 
For additional information. see the LM101A data 
sheet and National's Linear Application Handbook. 

The LH2l01A is specified for operation over the 
":55°C to +125°C military temperature range. The 
LH2201A is specified for operation over the 

_25°C to +85°C temperature range. The LH2301A 
is specified for operation over the O°C to +70°C 
temperature range. 

Features 
• Low offset voltage 

• Low offset current 
• Guaranteed drift characteristics 
• Offsets guaranteed over entire common mode 

and supply voltage ranges 

• Slew rate of 10V/J.ls as a summing amplifier 

Connection Diagram .-------..!ov· 
INV INPUT 4 

NON INV INPUT 

IN\I IN'UT<>-''' .... --I 

NON INV INPUT 0-""'----1 

..----.l:!"o BALANCE 

,--..<.'0 ~g~~~!SATlON 
>--!J"!.o OUTPUT 

L-__ ~ BAl/COMPENSATION 

.-----'Ov· 
...---..l.oBALANCE 

10 OUTPUT 
COMPENSATION 

OUTPUT 

BAL/COMPENSATION. 

L----'Ov' 

Order Number LH2101AD or LH2201AD or LH2301AD, see Package D16C 
LH2101AF, LH2201AF, LH2301AF, see Package F168 
LH2101AJ, LH2201AJ, LH2301AJ, see Package J16A' 

Auxiliary Circuits 
Inverting Amplifier with Balancing Circuit 

., ., 

CI 

"'.F 
fMlybelfrOOltqullloplralielCDmb"UllIOn 

01 Rllnd Rl lell minimum ollut 

Two Pole Compensation 

Cl'~ 
Cs * JOpf 

C2' ~ 111 CI 

., 

You, 

Alternate Balancing Circuit 

Rl 
10M 

CI 
JDpf RI 

!1M 

Single Pole Compensation 

., 
Rl 

Rl 
.V •• JV',>I'v-..:;.;"'I 

CI'~ 
Cs=lOpf 

Feedforward Compensation 

C2.~ 

t. =3MH, 
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Absolute Maximum Rating$ 

SUpplV Voltage 
Power DISSipation tNote 1) 

Differential Input Voltage 
Input Voltage (Note 21 
Output Short-Circuit Duration 

:!:22V 
SOOmW 

t30V' 
±15V 

Continuous 

Electrical Characteristics Each Side (Note 3) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Resistance 

Supply Current 

large Signal Voltage Gam 

Input Offset Voltage 

Average Temperature 
Coefficient of Input 
Offset Voltage 

Input Offset Current 

Average Temperature 
Coefficient of Input 
Offset Current 

Input Bias Current 

Suppl,V Current 

Large Signal Voltage Gain 

Output Voltage ·Swing 

Input Voltage Range 

Common Mode 
Rejection Ratio 

Supply Voltage· 
Rejection Ratio 

CONDITIONS 

T A '" 2Soc, Rs .c;:: SO kn 
TA .= 2SoC 

T A'" 2se e 

T A'" 2S"C 

T A"" 2Soe, Vs '" ±20V 

TA '" 25°C. Vs = :!:tSV 
V OUT '" !10V, RL >- 2 kH 

Rs';:50 kll 

2SoC < TA < 12Soe 
-55°C';: T A ,;: 25°C 

T A = +t2S0C, Vs '" !20V 

Vs'" ±lSV. VOUT = ± IOV 
RL ;'2kll 

Vs=.±ISV,R L = 10k12 
RL = 2 kll 

Vs = t20V 

LH2101A 

2.0 

10 

75 

1.5 

3.0 

50 

3.0 

15 

20 

01 
0.2 

100 

2.5 

25 

tt2 
110 

ttS 

80 

80 

Operati"g Temperature Range LH210lA 
LH2201A 
LH2301A 

Storage l"emperature Range 
lead Temperature (Soldering, 10 sec) 

LIMITS 

LH2201A LH2301A 

2.0 7.5 

10 50 

75 250 

1.5 0.5 

3.3 30 

50 25 

3.0 10 

15 . 30 

20 10 

0.1 0.3 
0.2 0.6 

100 300 

2.5 

25 15 

±t2 :t12 
±10 !to 

t15 t12 

80 70 

80 70 

Note 1: The maximum junction temperature of the LH2101A is 1SOoC. while that of the LH2201A is 10ifC. For operating tem
peratures of devices in the flat package, the derating is based on a thermal resistance of 18S'CIW when mounted on a 1/16·inch-thick 
epoxv glass board with Q.OJ·inch·wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is I 00° C/W. 
junction to ambient. 

Nota 2: For supply voltages lens than ±15V. the absolute maximum input voltage is equal to the supply .voltage. 

,Note 3: These specifications apply for ±5V ... Vs < :!:20V and _55G C .,; T A " t2SG e, unless otherwise specified. With the lH2201A. 
however. ,all temperature specifications are limited to -2Soe .... T A'" sftC. For the lH2301/, these specifications apply for o"C" T A e:;; 
7rfC, and ±5V ... Vs " ± ISV. Supply current. and input voltage range are specified as Vs .. t15V for the LH2301 A. C, '" 30 pF unless 
otherwise specified, 

3·398 

-55'C to l:?S"C 
-2S"C to 85°C 

O!-C to 700 e 
-6S'C to 150"C 

300"C 

UNITS 

mVMax 

nA Max 

nA Max 

MQMin 

mAMax 

V/mV Min 

mVMax 

IJvtc Max 

nAMax 

nA/oe Max 
nAloC Max 

nA Max 

mA Max 

VlmV Min 

VMin· 
VMin 

VMin 

dB Min 

dB Min 



~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

lH2108/U·t2208JlH2308, 
LH2108A1lH2208A1lH2308A Dual Super Beta 
OpAmp . . 

General Description 
The LH2108A/LH2208A/LH2308A and LH210BI 
LH2208/LH2308 series 01 tlual operational amp· 
lifiers are two LM108A or· LM108 type op amps 
in a single hermetic package. Featuring all the 
same performance characteristics of the single 
device, these duals also oflcr closer thermal track· 
ing, lower weight, reduced insertion cosl, and 
smdller size than two·single devices. For aduitio'lJl 
information ,ee the LM 1 08A or LM 1 08 UJt,; sh"~1 
and National's Linear Application Handbook. 

The LH2108A/LH2108 is specitied for operation 
over the -55°C to +125°C military temperature 
range. The LH2208A/LH2208 is specified for 
operation over the -25Q C to +85°C tempe,ature 

Connection Diagram 

IN1I 4 
INPUT 

:\ION tNV 
INPUT 

Auxiliary Circuits 

>_-!!<J OUTPUT 

OUTPUT 

[OMP 
INPUT 

'--_--'0 v' 

range. The l H2308A/LH2308 is specified !"r 
operation over the O°C to t70°C temperature 
'ange. 

Features 
.. Low offset current 

OJ Low otrWI voltage 

" Low ofhet voltage LH2108A 
LH2108 

II W,de input voltage range 

50pA 

0.7 mV 

0.3 mV 
0.7 mV 

±15V 

II Wid" operating supply range ±3V to ±20V 

Order Number LH2108AD, LH2208AD, 
LH2308AD, LH2108D, LH2208D, 

or LH2308D 
See Package D16C 

Order Number LH2108AF, LH2208AF, 
LH2308AF, LH2108F, LH2208F, 

or LH2308F 
See Package F16B 

Order Number LH2108AJ, LH2208AJ, 
LH2308AJ, LH2108J, LH2208J, 

or LH2308J 
See Package J16A 

Standard Compensation Circuit Alternate'" Frequel1.cy Compensation Feedforward Compensation 

., R, 
·, .. -Wlr-<~-"""''Ir--..., 

·:;1 f'!O~~~ fq".:t.'ioI 
!;( !lIMU ~u~jlry 

'''lIubi'<:fltt!lr 
"'ttn. 
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~ 
"'('1) 

CON 
OJ: 
~....I 
J:....I<C _CO 
COO 
ON 
NN 
NJ: 
J:....I 
....1-_<C 
CO CO 
00' 

NN 
J:J: 
....1....1 

Absolute Maximum Ratings 
Supply Voltage 
Power DIS51patiOn (Note 11 
Differential Input Current (Note 21 
Input Voltage (Note 3t 
Output Short CirCUit Duration 

±20V 
500mW 
!10mA 

±ISV 
Continuous 

-Operating Temperature Range 
LH2108A/LH2108 
LH2208A/LH2208 
LH2308A/LH2308 

Storage Temperature Range 
Lead Temperature (Solderrng. 10 sec) 

Electrical Characteristics each side (Note 4) 

PARAMETER 

Input Othel Voltage 

Input O,'fset Current 

Input Bla~ Current 

Input ReSistance 

Supply Currenl 

Large Signal Voltage Gam 

Input Othel Voltage 

Average Temperature CoeffiCient 
of Input Offset Voltage 

Input Offset Current 

Average Temperature CoeffiCient 
of Input Offset Current 

Input Bias Current 

Supply Current 

Large Signal Voltage Gain 

Output Voltage SWing 

Input Vol1age Range 

Common Mode Rejection RatiO 

Supply Voltage Rejection RatiO 

COND1T1ONS 

TA = 2SQC 

TA ' 25'C 

TA , 25°C 

TA , 25"C 

TA , 25"C 

T A ", 2S'C Vs= +15V 
V OUT '" :! lOV, RL > 10 kSl 

T A " q25~C 

Vs = ~15V, VOUT '" !lOV 
Rt. > 10 kn 

Vs'" ·,5V, RL" lDkU 

Vs '" !l&V 

LH2108 

2.0 

0.2 

2.0 

30 

06 

50 

30 

15 

04 

25 

30 

04 

25 

'13 

*135 

85 

80 

Electrical Characteristics each side (Note 4) 

-
PARAMETER CONDITIONS 

LH2108A . 

Input Offset Voltage T A = 2& C 05 

Input Offset Current T A" 25 C 02 

Input Bla-s Current T A'" 25 C 20 

Input ReSistance T A" 2&"C 30 

Supply Current T A ". 25 C 06 

Large Signal Voltage Gam T A = 25 C Vs" q &V 80 
VOUT '" + lOV, At. :> 10 kU 

'Input Offset Voltage 10 

Average Temperature CoeffiCient 5 
of Input Offset Voltage 

Input Offset Current 04 

Average Temperature CoeffiCient 25 
of Input Offset Current 

Input Bias Current 30 

Supply Current TA -·'25C 04 

Large Signal Voltage Gain V~ = +15V. VOUT " *lOV 40 
RL> 10 kU 

Output Voltage SWing Vs" !15V.RL'" 10kU '13 

Input Volt':'ge Range Vs'" n5V '135 

Common Mode Relectlon RatiO 96 

SupplV Voltage ReJeCllon RatiO , 96 

LIMITS 

LH2208 LH2308 

2.0 7.5 

02 1.0 

20 7.0 

30 10 

0.6 08 

50 25 

30 10 

15. 30 

04 1.5 

25 10 

30 10 

04 -
25 15 

, 13 '13 

'135 ~14 

85 80 

80 80 

LIMITS 

LH2208A LH2308A 

05 05 

02 10 

20 70 

30 10 

06 08 

80 80 

10 0.73 

5 5 

04 -1.5 

25 10 

30 10 

04 -

40 60 

, 13 !"13 

'135 ±14 

96 96 

96 96 

-55°C to +12So C 
-25°C to +8SoC 

O°C to +70o C 
-65°C to +ISO°C 

300°C 

UNITS 

mV Max 

nA Max 

nAMax 

MOMI" 

rnA Max 

V/mV.Mm 

mV Max 

IAvtc Max 

nAMBIt 

pA/oC Max 

nA Max 

mAMax 

V/mVMm 

VMln 

VMm 

dB Min 

dB Mm 

UNITS 

mV Max 

nAMax , 
nAMax 

MOMln 

mAMax 

V/mV Min 

mV Max 

IJ,V/"CMax 

nA Max' 

pA/"'C Max 

nA Max 

mAMax 

V/mV Min 

VMm 

VMm 

d8Mm 

dB Mm 

. Note 1: The maximum Junction temperature of the LH210BA/LH2108 is 150"C, ;mIle that of the LH2208A/LH2208 IS 100°C and that of the 
LH2308A/LH2308 is 85"C For operating deVices m the flat package at elevated temperatures, the deratmg is based on a thermal resistance of 
18SoC/W when mounted on a 1/16-mch-thlck epoxy glass board with O.03-lnch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package IS 1000 C/W, Junction to ambient, ' 

Note 2: The inputs are shunted With back-to-back diodes for overvoltage protectlon_ Therefore, excessive current will flow if a differential input 
voltage in excess of 1 V is appll'ed between the inputs unless some limitmg resistance is used. 

Note 3: For supply voltages less than! 15 V, the absolute maximum input voltage IS equal to the supply voltage. 

Note 4: These speClflcati~ns apply for ~ SV ~ Vs ~ i20V and -55"C " TA " 125"C, unless otherWise specified. With the LH2208A/LH2208, 
however, all temperature specifications are limited to -2S"C " TA < 8S"C and with the LH2308A/LH230B for i5V .,:;;; Vs ..:;; 15V and 
O°C" TA" 70°C. 
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~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LH2110/LH2210/LH2310 Dual Voltage Follower 

General Description 

The LH2110 series of dual voltage followers are 
two LM 110 type followers in a single hermetic 
package. Featuring all the same performance char· 
acteristics of the single, these duals offer in addi· 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information, see the LM 110 data 
sheet and National's Linear Application Notebook. 

The LH2110 is specified for operation over ttie 
_55°C to +125°C military temperature range. The 
LH2210 is specified for operation over the _25°C 
to +85°C temperature range. The LH2310 is speci· 

Connection Diagram 

INPUT 

INPUT o-:l~Z ---i 

v+ 

...---"""0 ! BALANCE 

OUTPUT 

BOOSTER 

v-

I BALANCE 

OUTPUT 

BOOSTER 

v+ 

fied for operation over the OOC to +70°C temper· 
atu re range. 

Features 

• Low input current 

• High input resistance 

• High slew rate 

• Wide bandwidth 

• Wide operating supply range 

• Output short circuit proof 

Auxiliary Circuits 

)1~6.~& ... _ OUTPUT 

INPUT RZ' 
5.1K 

1 nA 

1010 ohms 

30V/l1s 

20MHz 

±5V to ±18V 

Rl >100 
. "May be added to reduce 

mternaldlssipation. 

Increasing Negative Swing Under Load 

INPUT 

Rl 
lK 

... -t--v· 

">.::-::t..-- OUTPUT 
16.& 

Order Number LH2110D, LH2210D or LH231(i1), See Package D16C 
Order Number LH2110F, LH2210F or LH2310F, See Package F16B 
Order N.umber LH2110J, LH2210J or LH2310J, See Package J16A 

Offset Balancing Circuit 
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0 ,.. 
('f) 
C'I 
J: 
...I 
0 ,.. 
C'I 
C'I 
J: 
...I 
0 ,.. ,.. 
C'I 
J: 
...I 

Absolute Maximum Ratings 
Supply Voltage ±18V Operating Temperature Range LH2110 -SS'C to 12S'C 

Power Dissipation (Note 1) 500mW LH2210 -2S"C to 8S'C 

Input Voltage (Note 2) ±lSV LH2310 O°C to 700 e 
Output Short Circuit Duration (Note 31 Continuous Storage Temperature Range -6S'C to lS0'C 

Lead Temperature (Soldering, 10 sec) 3OO'C 

Electrical Characteristics Each Side (Note 4) 

LIMITS 
PARAMETER CONDITIONS UNITS 

LH2110 LH2210 LH2310 

Input Offset Voltage TA ='2S'C 4,0 4.0 7.S mVMax 

'nput Bias Current TA = 2S'C 3.0 3.0 7,0 nA Max 

Input Resistance TA = 2S'C 10'0 10'0 1010 UMin 

Input Capacitance 1.S 1.S 1.S pF Typ 

Large Signal Voltage Gain T A = 2S'C, Vs = ±lSV .999 .999 .999 VIV Min 

VOUT = ±10V. RL = 8 kl"l 

Output Resisiance TA = 2S'C 2.S 2.S 2.S n Max 

Supply Current lEach Amplifier) TA = 25°C S.S S.5 5.S mAMax 

Input Offset Voltage 6.0 6.0 10 mV Max 

Offset Voltage -SS'C ~ T A ~ 8S'C 6 6 10 I1VtC Typ 
Te~perature Dnft TA = 12S'C 12 12 - I1VI"C Typ 

Input Bias Current 10 10 10 nAMax 

Large Signal Voltage Gain Vs = ±lSV. V OUT = ±10V .999 .999 .999 VIV Min 
RL = 10 kn 

Output Voltage SWing (Note S) Vs = ±15V. RL = 10 kn ±10 ±10 ±10 VMm 

Supply Current (Each Amplifier) TA = 12S'C 4.0 4.0 - mAMax 

Supply Voltage Rejection Ratio ±5V~ Vs~ .18V 70 70 70 dB Min 

Note 1: The maximum junction temperature of the LH2110 is 150°C. while that of the LH2210 is 1000 e and that of the LH2310 is 8SoC. For 
operating devices in the flat package at elevated temperatures, the derating is based on a thermal resistance of 1850 C/W when mounted on a 
lJ16·inch·thick epoxy glass board with O.03-inch-wide. 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100oe/W, 
junction to ambient. 

Note 2: For supply voltages less than! 15 V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 1250 C and ambient temperatures to 70° C. It is necessary to insert a resistor 
greater than 2 kn in series with the input when the amplifier is driven from tow impedance sources to prevent damage when the output is shorted. 

Note 4: These specifications apply for t5V :eo; Vs :eo; ±18V and -55°C", TA < 12SoC, unless otherwise specified. With the LM210, however, all 
temperat~re specifications are limited to -25°C:SO: TA < 8SoC, and for the LH2310, all temperature specifications are limited to O°C < TA ",70°C. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V- terminals. 
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~NatiOnal Operational Amplifiersl Buffers 
Semiconductor 

LH24250/LH24250C Dual Programmable 
Micropower Op Amp 

General Description Features 
The LH24250/LH24250C series of dual programmable • ±1V to ±18V power supply operation 
micropower operational amplifiers are two LM4250 type • Standby power consumption as low as 20 iJW 
op amps in a single hermetic package. Featuring all the 
same performance characteristics of the LM4250, the • Offset current programmable from less than 0.5 nA 
LH24250/LH24250C duals also offer closer thermal to 30 nA 

tracking, lower weight, reduced insertion cost and • Programmable slew rate 
smaller size than two single devices. For additional in-

• May be shut-down using standard open collector TTL formation, see the LM4250 data sheet and National's 
Linear Application Handbook. • Internally compensated and short circuit proof 

Connection Diagram and Auxiliary Circuit 

Offset Null Circuit 

, 
v' 

V' 

" : BALANCE IN~~~ , 
INPUT -

~- '.' 
" OUTPUT A 16,8 

NON IN~ o!--~ 
, 

'SET J,II 
INPUT o-!:-!-! 14.1 lOOK 

• (- 2,10 OFFSET· V' 
ADJUST 

'NV " ' I 
INPUT ~'.".' RSET 

B . OUTPUT 

NON·INV " + 1: ISET 
INPUT V· .' 

Ordering Information 
Order Number LH24250D or LH24250CD, See Package D16C 

LH24250F or LH24250CF, See Package F16B 
LH24250J or LH24250CJ, See Package J16A 

Typical Quiescent Current Setting Resistor 

Quiescent Current (Iq) 
vs ISET 

1000 
TA : 25°C 

Set Current Setting Resistor to V- 100 

'SET 
« 
.3 

Vs O.l~A O.5~A 1.0~A 5~A 10~A .:; 10 
Vs=±1SV Vs '" ±1.5V 

±1.5V 25.6MU 5.04MU 2.5MU 492kU 244 kU 
±3.0V 55.6MU 11.0MU 5.5MU 1.09MU 544 kU 1 
±6.0V 116MU 23.0MU l'.5MO 2.29MU 1.14Mn 

±9.DV 176MU 35.0MU 17.5MU 3.49MU 1.74MU 
±12.0V 236MU 47.0 MU 23.5 MU, 469MU 2.34MU .1 

±lS.0V 296MU 59.0MU 29.5MU 
.1 1 10 100 

5.B9MU 2.94MU 
ISET (~A) 

3-403 

r
::I: 

I -r-
::I: 

~ 
CJ1 o 
(') 



Absolute Maximum Ratiogs 
Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
ISET Current 

±18V 
500mW 

±lSV 
±lSV 

150"A 

Output Short-Circuit Duration 
Operating Temperature Range LH24250 

LH24250C 
Storage Temperature Flange 
Lead Temperature (Soldering, 10 sec) 

Continuous 
-SSOC to 125°C 

O"C to 70"C 
-65°C to 15O"C 

300"C 

Electrical Characteristics LH242S0, each amplifier (-SSOC <E;; TA<E;;12SoC unless otherwise specified) 

Vos 

los 
Iblas 

Parameters 

Large Signal Voltage Gain 

Supply Current 

Power Consumption 

Vos 

los 

Iblas 

Input Voltage Range 

Large Signal Voltage Gain 

Output Voltage Swing 

Common Mode Rejection Ratio 

Supply Voltage Rejection Ration 

Supply Current 

Power Consumption 

Vos 

los 

Iblas 

Parameters 

Large Signal Voltage Gain 

Supply Current 

Power Consumption 

Vas 

los 

'bias 
Input Voltage Range 

Large Signal Voltage Gain 

Output Voltage Swing 

Common Mode Rejection Ratio 

Supply Voltage Rejection ratio 

Supply Current 
Power ConslJmption 

Conditions 

TA=2S0C, Rs<E;;100kQ 

TA=2SoC 

TA=2SoC 

TA = 2SoC, RL = 100kQ 
Vo = ±0.6V, RL = 10kQ ' 

TA=2SoC 
TA=2SoC 

Rs<E;;10kQ 

TA=2SoC 
TA,=2SoC 

Vo= ±0.6V, RL=lookQ 
RL=10kQ 

RL=100kQ 
i'lL == 10kQ 
Rs<E;;10kQ 

Rs<E;;10kQ 

Conditions 

TA=2SoC, Rs<E;;10kQ 

TA=2SoC 

TA=2SoC 

TA = 2SoC, RL = 100kQ 
Va = ±10V, RL = 10kQ 
TA=2SoC 

TA=2SoC 

Rs<E;;10kQ 

TA=2SoC 
TA=2SoC 

Vo= ±lSV, RL=looQ 
RL=10kQ 

RL=100kQ 
RL=10kQ 

Rs<E;;10kQ 
Rs<E;;10kQ 

Vs= ±1.5V 

ISET= 10"A 

Min. Max. Min. Max. 

40 

±0.7 

30 

±0.6 

70 
76 

Min. 

100 

±13.S 

50 

±12 

70 

76 

11 

3 
3 

7.S 

7.S 
23 

4 
S 
3 

7.S 

8 
24 

so 

±0.7 

30 

±o.a 
70 

76 

Vs= ±15V 

Max. 

3 
3 

7.S 

10 

300 
4 
2S 
3 

7.S 

330 ' 

Min. 

100 

±13.S 

so 

±12 

70 

76 

100 

S 
,10 

SO 

80 

240 

6 
10 
10 

SO 

V 

90 

270 

Max. 

S 
10 

SO 

90 
2.7 

6 
2S 
10 

SO 

3 

Units 

mV 

nA 
nA 
k 
k 

"A 
"W 
mV 

nA 
nA I 

nA 
V 
k 
k 
V 

dB 
dB 

"A 
"W 

Units 

mV 

na 

nA 
k 
k 

"A 
"W/mW 

mV 

nA 
nA 
nA 
V 
k 
k 
V 
V 

dB 
dB 

"A 
"W/mW 

Note 1: The maximum junction temperature of the LH24250 is 150·C, While that of the LH24250C is 100·C. The thermal resistance of the 
dual·ln·line package is 100·C/W junction to ambient. For the flat package, the derating is based on a thermal resistance of 185·C/W 
when mounted on a 1/16 inch thick epoxy glass board with ten, 0.03 Inch wide, 2 ounce copper conductors. ' 
Note 2: For supply voltages less than ±15V, the absolute maximum input voltage Is equal to the supply voltage. 
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Electrical Characteristics LH24250C, each amplifier (O"C < T A<70°C unless otherwise specified) 

Vs= ±1.SV 

Parameters Conditions ISET=1,..A ISET=10,..A Units 

Min. Max. Min. Max. 

Vas '. TA = 25°C, Rs<100kQ 5 6 mV 

los TA=25°C 6 20 nA 

IblBS TA=25°C 10 75 nA 

Large Signal Voltage Gain TA = 25°C, RL = 100kQ 25 k 
I Vo= ±0.6V, RL=10kQ 25 k 

Supply Current TA = 25°C 8 90 ,..A 
Power Consumption TA=259C 24 270 ,..W 

Vas Rs<10kQ 6.5 7.5 mV 

los 8 25 nA 
Ibias 10 80 nA 
Input Voltage Range ±0.6 

) 

±0.6 V 
Large Signal Voltage Gain Vo = ±0.6V, RL = 100kQ 25 k 

RL=10kQ 25 k 
Output Voltage Swing RL=100kQ ±0.6 V 

RL = 10kQ ±0.6 V 
Common Mode Rejection Ratio Rs<10kQ 70 70 dB 
Supply Voltage Rejection Ratio, Rs<10kQ 74 74 dB 
Supply Current 8 90 ,..A 
Power Consumption 24 270 ,..W 

Vs= ±1SV 

Parameters Conditions ISET=1,..A ISET=10,..A Units 

Min. Max. Min. Max. 

Vas TA=25°C, Rs<10kQ 5 6 mV 

los TA=25°C 6 20 na 

Iblas TA=25°C 10 75 nA 
Large Signal Voltage Gain TA = 25°C, RL = 100kQ 60 k 

Vo= ±10V, RL=10kQ 60 k 
Supply Current TA=25°C 11 100 ,..A 
Power Consumption TA = 25°C 330 3 ,..W/mW 

Vas Rs<10kQ 6.5 7.5 mV 

los Rs<10kQ 8 25 nA 
Iblas 10 80 nA 
Input Voltage Range ±13.5 ±13.5 V 
Large Signal Voltage Gain Vo= ±15V. RL=100Q 50 k 

RL=10kQ 50 k 
Output Voltage Swing RL=100kQ ±12 V 

RL=10kQ ±12 V 
Common Mode Rejection Ratio - Rs<10kQ 70 70 dB 
Supply Voltage Rejection ratio Rs<10kQ 74 74 dB 
Supply Current 11 100 ,..A 
Power Consumption 300 3 ,..W/mW 
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Typical Performance Characteristics 

Input Bias Current vs ISET 
10DO ........ .....-T""'T"T'TT""'T"""rTTT-r-TTTr-1 

)00 I-+Hl-H+H-+-fttt-+-bl'EH 

~ 10 ~lfv~s~.tf"~5~~~vs~.~t,a5V~ 
j 

.1 10 100 

-40 

-30 

~20 

-10 

10 

Input Bias Current vs 
Temperature 

I I I 
'SET'" 10~A Vs =:tl.5V 

I 1-"" 
Vs=±ISV 

N-..I 
1'1 l' 

ISET -1 j.l.A Vs" I.SV 

I Vs"5V "'t-
I I J I 

-60 -20 20 60 100 140 

TEMPERATURE rCI 
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Instrumentation Amplifiers 

Section Contents 

Hybrid Products Instrumentation Amplifier Guide ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3 
Definition of Terms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4' 
LH0036/LH0036C Instrumentation Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-18 
LH0038/LH0038C True Instrumentation Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-26 
LH0084/LH0084C Digitally-Programmable-Gain Instrumentation Amplifier. . . . . . . . . . . . . . . . .. 4-37 
LM121/LM221/LM321, LM121A/LM221A/LM321A Precision Preamplifiers '. . . . •. . . . . . . . . . . . . . 4-5 
LM163/LM363 Precision Instrumentation Amplifier. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. 4-13 

Note. For additional information on instrumentation amplifiers, see National Semiconductor's Hybrid Products 
Databook. 
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All of the amplifiers In this guide are true differential input Instrumentation amplifiers with very high common mode rejection and 
adjustable gain. 

Characteristics Part Number .. 
VOSln ~VOS Gain Gain Gain -25°C to -55°C to Page 

Features Ie Max Max liT Lin. Tempco Error 85°C 125°C Number 

90~W dissipation. wide 125nA 2mV 10~V/oC 0.03% 3% max LH0036C 3·4 
supply range, onE! 100nA lmV 1O~V/oC 0.03% 1% max LH0036 
external gain set 
resistor 

Low cost, one external 2mV 1O~V!°C 0.03'i, 1% LH0037C 3·12 
gain set resistor 500nA lmV 10~V/oC 0.03% 0.3% LH0037 

.Ultra low drift, all gain set 100nA 150~V 1~V/oC max 1 ppm 7ppm/oC 0.1% LH0038C 3·15 
resistors internal, very 100~V 0.25~VloC 1 ppm 7ppm/oC 0.1% LH0038 
low noise, very linear, max 
guard drive amplifier 
included 

Programmable 500 pA 10 mV 10 ~V/oC 20 ppm 1 ppm/oC 0.3% max LH0084C 3·26 
gain fast 500 pA 5 mV 10 ~V!°C 20 ppm 1 ppm/oC 0.3% max LH0084 
settling 

• Dependent upon external resistors. 

* * Refers to Hybrid Products Databook, 1982 edition 

! 

- I 
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~National / 
~ Semiconductor 

Definition of Terms 
Bandwidth: That frequency at which the voltage gain 
is reduced to 1/.../2 times the low frequency value. 

Common-Mode Rejection R,atio: The ratio of the input 
common-mode voltage range to the peak-to-peak change 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic 
distortion being defined as one-hundred times the ratio 
of the root-mean-square (rms) sum of the harmonics to 
the fundamental. % harmonic distortion = 

(V22 + V32 + V42 + ... ) 1/2 (100%) 

V1 
where V1 is the rms amplitude of the fur.dame"t"' ~r1CJ 
V2, V3, V4, ... are the rms amplitudes of lhe individual 
harmonics. 

Input Bias Current: The average of the two input 
currents. 

Input Common-Mode Voltage Range: The range of 
voltages on the input terminals for which the amplifier 
is operational. Note that the specifications are not 
guarallteed over the full common-mode voltage range 
unless specifically stated. 

Input Impedance: The ratio of input voltage to input 
current under the stated condition~ for soun:e resistance 
(RS) and load resistance (RU. 

Input Offset Current: The difference in the currents 
into the two input term irials when the output is at zero. 

Input Offset Voltage: That voltage which must be 
applied between the input terminals through two equal 
resistances to obtain zero output voltage. 

Input Resistance:. The ratio of the change in input 
voltage to the change in input current on elthnr input 
with the other grounded. 

Input Voltage Ra'nge: Thl] ranue of miwgp.s on the 
input terminals for which the (mlplitier oflcrutes within 
specifications. . 
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Instrumentation Amplifiers 

Large-Signal' Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required 
to drive the output from zero to this voltage . 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for source 
resistance (RS) a.nd load resistance (RU. 

Output Resistance: The small signal resistance seen at 
the output with the output voltage near ze.ro. 

Output Voltage Swing: The peak output voltage swing, 
referred to zr:ro, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift 
rate of offset voltage for a thermal variation from room 
temperature to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Settling Time: The time between the initiation of the 
input step function and the time when the output 
voltage has ~ettled to lII!ithin a specified error band of 
the final output voltage. 

Slew Rate: The internally-limited rate of change in 
output voltage with a large· amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
slipply to operate the amplifier with no load and the 
output midway between the supplies._ 

Transient Response: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from de to 
the frequency where the amplifier open loop gain rolls 
off to one. 

Voltage Gain: Tile ratio of output voltage to input 
voltage under the ,tated conditions for source resis
tance (RS) and load resistance (R L). 



~National 
~ Semiconductor 

Instrumentation Amplifiers 

LM121/LM221/LM321, 
LM121A1LM221A1LM321A Precision Preamplifiers 

General Description 

The LM121 series are precision preamplifiers designed 
to operate with general purpose operational amplifiers to 
drastically decrease dc errors. Drift, bias current~ common 
mode and supply rejection are more than a factor of 50 
better than standard op amps, alone. Further, the added 
dc gain of the LM 121 decreases the closed loop gain 
error. 

The LM121 series operates with supply voltages from 
±3V to ±20V and has sufficient supply rejection to 
operate from unregulated supplies. The operating 
current is programmable from 5pA to 200pA so bias 
,current, offset current, gain and noise can be optimized 
for the particular application while still realizing very 
low drift. Super'gain transistors are used for the input 
stage so input error currents are lower than conventional 
amplifiers at the same operating current. Further, the 
initial offset voltage is easily nulled to zero. 

Features 
• Guaranteed drift of LM121A series - 0.2JlVfC 
• Guaranteed drift of LM121 series - lpvfc 

Typical Applications 

+15V 

• Offset voltage less than'O.4 mV 
• Bias current less than 10 nA at 10llA operating current 
• CMRR 126 dB minimum 
• 120 dB supply rejection 
• Easily nulled offset voltage 

The extremely low drift of the LM121 will improve 
accuracy on almost any precision dc circuit. For example, 
instrumentation amplifier, strain gauge amplifiers and 
thermocouple amplifiers now using chopper amplifiers' 
can be made with the LM121. The full differential in
put and high common·mode rejection are another 
advantage over choppers. For applications where low bias 
current is more important than drift, the operating cur
rent can be reduced to low values. High operating cur
rents can be used for low voltage noise with low source 
resistance. The programmable operating current of the 
LM121 allows tailoring the input characteristics to 
match those of specialized op amps. 

The LM121 is specified over a -55°C to +125°C tem
perature range, the LM221 over a -25°C to +85°C range 
and the LM321 over a O°C to +70°C temperature range . 

R. 
365. 

~:'~I-"""\r-<r-_-----.J\II/Ir-------, 

R5 
99Sk 

lM113 

CHROMEL· 
AlUMEl 

Rl • 
•. 99t 
1% 

RS 
3.75k 

R4 
1k 

lM12IA 
OUTPUT 
UOmvrCI 

50pF fCKIpF 

T T "Set for 2.98V Moutpafwith 
- - lMl13shorted.Outplrtshould 

..... --.... --15V 

etju.J ambient temper.tur8.t 
10mVrK . 

tAdjust for output ruding in °C. 

Thermocouple Amplifier with Cold Junction ~ompensation 
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Absolute Maximum Ratings 
Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage (Notes 2 and 3) 
Inp\!t Voltage (Note 3) 
Operating Temperature Range 

lM121 
lM221 
lM321 

Storage Temperature Range 
lead Temperature (Soldering, 10 seconds) 

±20V 
500mW 

±15V 
±15V 

-55°C to +125°C 
-25°C to +85°C 

O°Cto +70°C 
-65°C to +150°C, 

300°C 

Elec.rical Characteristics (Note'!.) lM121,lM221,lM321 

PARAMETER 

Input'Offset Voltage 

Input Offset Current 

Input Bias Current 

Input Resistance 

Supply Current 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Input Offset Current Drift 

Average Temperature 
Coefficient of Input Offset 
Voltage 

Long Term Stability 

Supply Current 

Input Voltage Range 

Common·Mode Rejection 

Ratio 

Supply Voltage Rejection 

Ratio 

Voltage Gain 

Noise 

CONDITIONS 

TA = 2SoC, 

6.4k::; RSET::; 70k 

TA = 2SoC, 

RSET= 70k 

RSET= 6.4k 

TA = 2SoC, 

RSET= 70k 

RSET = 6.4k 

TA = 25~C, 

RSET = 70k, 

RSET =6.4k 

TA = 2SoC, RSET = 70k 

6.4k::; RSET::; 70k 

RSET = 70k 
RSET= 6.4k 

RSET = 70k 

RSE~ = 6.4k 

RSET= 70k 

RS ::; 20011, 6.4k ::; RSET ::; 70k 
Offset Voltage Nulled 

• 
.. 

Vs = ±15V, (Note S) 

RSET = 70k 

RSET= 6.4k 

RSET = 70k 

RSET = 6.4k 

RSET= 70k 

RSET= 6.4k 

T A = 2SoC, RSET = 70k, 

RL>3 Mil 

RSET = 70k, RSDURCE = 0 

LM121 LM221 
MIN TYP 

4 

0.4 

3 

5 

±13 
+7,-13 

120 

114 

120 
114 

16 

8 

LM321 
UNITS 

MIN TYP MAX MAX , 

0.7 I.S mV 

1 2 nA 

10 20 nA 

10 18 nA 

100 180 nA 

, 
2 Mil 

0.2 Mil 

1.5 2.2 rnA 

1.0 2.S mV 

30 28 nA 
300 280 nA 

3 4 nA 

30 40 nA 

3 pAtC 

1 1 /lvtc 

S /lVlyr 

2.S 3.S rnA 

±13 V 
+7,:"'13 V 

114 dB 

114 dB 

114 .dB 

114 dB 

12 VIV 

8 nW/Hi 

Nota 1: The maximum junction temperature of the LM121 is IS0°C, while that of the LM221 is 100°C. The maximum junction temperature 
of the LM321 is 8SoC. For operating at elevated temperature, devices in the TO-5 package must 'be derated based on a thermal resistance of 
IS0°CIW, junction to ambient, or 4SoCIW, junction to case. For the flat peckage, the derating is based on a thermal rasistance of 18SoC/W when 
mounted on a 1/6 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual·in·line 
package is l00°C/W junction to ambient. 
Note 2: The inputs are shunted with beck·to-beck diodes in series with a soon resistor for overvoltage protection. Therefore, excessive current' 
will flow if a differential input voltage in excess of IV is applied between the inputs. 
Note 3: For supply voltages Ie .. then .15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 4: These specifications apply for .5 ':0;' Vs :0; ±20V and -55"c :0; T A :0; +12SoC, unless otherwise specified. With the LM221 , however, all 
temperature specifications are limited to -2SoC :0; TA :0; +85"C, and for the t.M321 the specifications apply over a O°C to +70°C temperature 
range. 
Note 5: External precision resistor - 0.1 % - can be placed from pins 1 and 8 to 7 to increUe positive common-mode range. 
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Absolute Maximu.m Ratings 
Supply Voltage ±20V 

Power Dissipation (Note 1) 500mW 
Differential Input Voltage (Notes 2 and 3) ±15V 

Input Voltage (Note 3) ±15V 

Operating Temperature Range 

LM121A -55°C to +125°C 

LM221A -25°C to +85°C 

LM321A O°C to +7O°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 4) LM121A,LM221A,LM321A 

PARAMETER CONDITIONS 
LM121A, LM221A LM321A 

UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C, 

6.4k ~ RSET ~ 70k 0.2 0.4 0.2 0.4 mV 

Input Offset Current TA=25°C, 

RSET= 70k . 0.3 0.5 0.3 0.5 nA 

RSET = 6.4k 5 5 nA 

Input Bias Current TA = 25°C, 

RSET = 70k 5 10 5 15 nA 
\ 

RSET = 6.4k 50 100 50 150 nA 

Input Resistance TA = 25°C, 

RSET = 70k ·4 8 2 8 MS"! 

RSET = 6.4k 0.4 0.2 Mn 

Supply Current TA = 25°C, RSET = 70k 0.8 1.5 0.8 2.2 rnA 

Input Offset Voltage 6.4k ~ RSET ~ 70k 0.5 0.65 0.5 0.65 mV 

Input Bias Current RSET = 70k 15 30 15 25 nA 

RSET = 6.4k 150 300 150 250 nA 

Input Offset Current RSET = 70k 0.5 1 0.5 1 nA 

RSET = 6.4k 5 10 5 10 nA , 
Input Offset Current Drift RSET = 70k 3 3 pArC 

Average Temperature RS ~ 200n, 6.4k ~ RSET ~ 70k 
Coefficient of Input Offset Offset Voltage Nulled 

Voltage 0.07 0.2 0.07 0.2 /lVrC 

Long Term Stability 3 3 /lV/yr 

Supply Current 1 2.5 1 3.5 rnA 

Input Voltage Range Vs = ±15V, (Note 51 

RSET = 70k ±13 ±13 V 

RSET = 6.4k +7,-13 +7,-13 V 

Common-Mode Rejection RSET = 70k 126 140 126 140 dB 

Ratio. RSET = 6.4k 120 130 120 130 dB 

Supply Voltage Rejection RSET= 70k 120 126 118 126 dB 
: 

Ratio RSET = 6.4k 114 120 114 120 d8 

Voltage Gain TA = 25°C, RSET = 70k, 

RL>3 Mn 16 20 12 20 VIV 

Noise RSET = 70k, RSOURCE = 0 8 8 nV/$. 

Note 1: The maximum junction temperature of the LM121A is 1 SOO C, while that of the LM221A is 100"C. The maximum junction temperature 
of the LM321A is 85°C. For operating at eleveted temperature, devices in the TO-6 package must be derated based on a thermal resistance of 
150°C/W, junction to ambient, or 45°C/W junction to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when 
mounted on a 116 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual·in·line 
package is100°C/W junction to ambient. 
Note 2: The inputs are shunted with back-to-back diodes in series with a soon resistor for overvoltage protection. Therefore, excessive current 
will flow if a differential input voltage In excess of 1V is applied between the inputs. 

Note 3: For supply voltages less than t15V. the absolute maximum input voltage is equal to the supply' voltage. 

Note 4: These specifications apply for ±5 ~ Vs ~ ±20V and -55°C ~ TA ~ +125"C, unless otherwise specified. With the LM221 A, however, all 
temperature specifications are limited to -25°C ~ TA ~ +85°C, and for the LM321A the specifications apply over a O°C to +70·C temperature 
range. 
Note 5: External precision resistor - 0.1 % - can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 
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Frequency Compensation 

UNIVERSAL COMPENSATION 

The additional gain of the LM121 preamplifier when 
used with an operational amplifier usually necessitates 
additional frequency compensation. When the closed 
loop gain of the op amp with the LM121 is less than 
the gain of the LM121 alone, more compensation is 
needed. The worst case situation is when there is 100% 
feedback-such as a voltage follower or integrator-and 
the gain of the LM121 is high. When high closed loop 
gains are used-for example Av = 1000-and only an 
addition gain of.200 is inserted by the LM121, the fre· 
qiJency co~pensation of the op amp will usually suffice. 

The frequency compensation shown here is designed to 
operate with any unity·gain stable op amp. Figure 1 
shows the basic configuration of frequency stabilizing 
network. In operation the output of the LM121 is 
rendered single ended by a O.OlIlF bypass capacitor to 
ground. Overall frequency compensation then is achieved 
by an integrating capacitor around the op amp. 

12 
Bandwidth at unity·gain ~ 

271"RsET C 

4 
for 0.5 MHz bandwidth C = 

;06 RSET 

For use with higher frequency op amps such as the 
LMl18 the bandwidth may be increased to about 2 MHz. 

If the closed loop gain is greater than unity, "c" may be 
decreased to:· 

4 

Typical Applications 

R, 

INPUT -,~R'v..."'.2r-...:.L--, 

LM121A 

·Offset.diun. 
tSntab'elorfrequlftcy compensation. 

L-_ .... ___ t-v-

FIGURE 1. Low Drift Op Amp Using the LM121A as a Preamp 

OUTPUT 

4-8 

ALTERNATE COMPENSATION 

The two compensation capacitors can be made equal for 
improved power supply rejection. In this case the for
mula for the compensation capacitor is: 

8 

Table I shows typical values for the two compensating 
capacitors for various gains and operating currents. 

TABLE I 

CLOSED CURRENT SET RESISTOR 
LOOP 
GAIN 120kn 60kn 30kn 12kn 6kn 

Av = 1 68 130 270 680 1300 

Av = 5 15 27 56 130 270 

Av = 10 10 15 27 68 130 

Av = 50 1 3 5 15 27 

Av = 100 - 1 3 5 10 

Av = 500 - - 1 1 3 

Av = 1000 - - - - -

This table applies for the LM108, LM101A, LM741, 
LMl18. Capacitance is in pF. 

DESIGN EQUATIONS FOR THE LM121 SERIES 

1.2 X 106 

Gain Av "" 
RSET 

Null Pot Value should be 10% of RSET 

2 X 0.65V 

INPUT 

Operating Current"" ---
RSET 

Positive Common- ~ 
Mode Limit ~ 

v-

V+ _ [0.6 _ 0_.6_5_V_X_5_0_k ] 
RSET . 

-Dfhetldjust 

tGlintrim 

RB 
3M 

D.I" 

OUTPUT 

tBetterth.n,%linll,ity for inputsignllsup to 
±ID mY gain stability typical +2% from -55 to, 
125D C 
Mitch 01 RS and RS etteet powe, supply lejection 

Gain of 1000 Instrumentation Amplifier* 



Typical Applications (Continued) 

2.21t 

INPUT ---<~~ 

LM10J·1.B 

r-------~r-------<~--v· 

250pF 

lM121A 

JpF 

>.,.;;..-~~ OUTPUT 

'"BandWidth "10MHz 
Slew Rile ,,40 V//Js 

High Speed· I nverting Amplifier with Low Drift 

'"Bandwidth'" 3.5 MHz 
Slew Rilte==1.1 Vlp.s 

Medium Speed* General Purpose Amplifier 

v' 

25k* 

lM121A 

v' 

*Mllch to 0.1% 

tOelielld$alltlos~lDoppin 

Increased Common-Mode Range at High Operating Currents 
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Connection Diagrams 

Schematic Diagram * 

Metal Can Package 

OUTPUT 1 

v-

Note PIR4 connetfed to case. 

TOP VIEW 

Order Number LM121H. 
LM221H. LM321H. LM121AH. 

LM221AH or LM321AH 
See NS Package HOSe 

Note: Outputs are inverting from 
the input of the same number. 

y. ------------------------------------------~--~--------------------~--------, 

RJ 
SDk 

OUTPUT .,:'------------------1---------__ • 

OUTPUT ;:..8 ________________ ~ 

R' 
2 500 

INPUT 

R2 
3 500 

INPUT 

~T ~6~ ________________ ~r· 

y-

R4 
SDk 

R'6 
Ik 

R5 
SDk 

R8 
75 R9 

5k 
RIZ 
5' 

RI3 
'5Dk 

nt4 R10 
200 

R11 R14 
340 400 

*Pin connettions shown on schematic diagram and typiCillappliCitions Ire for TD..fi PiCkage. 
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Typical Performance Characteristics 

~ ... 
ill .. .. 
1l 

! 
~ 
~ 

iD 

Input Bias Current 
100 

As" • 6.Hn = 1= 

10 

RSET ,,70hU-r-

I .,...... 

1 
-55 -15 25 65 105 

TEMPERATURE ("CI 

Positive Power Supply 
Rejection 

160 ,-,..--,------,----, 

~ 140 t-.2""t--.t:---f-----l 

~ 120 I---+--'~+---""'"---l .. 
~ 
~ 100 t---t--+-""t--'>.,j 

80 r---+--I--t-' .... -l 

100 lk 10k lOOk 

FREQUENCV (Hoi 

Input'Noise Current 
10 

~ 
~ 

........ I J 
... 
~ 

RSET,.&.4k~_ .. 
1l 0.1 
~ 
~ 

~ 

r-..... --FRsET '"70kn 

0.01 
10 100 lk 10k lOOk 

FREQUENCV (Hoi 

Set Resistor and Set Current 

10 100 lk 

SET CURRENT/SIDE ,"AI 

Distribution of Offset 
Voltage Drift «Nulled) 

50,-,-,-,---,--..,-,-,-,-,---. 

40 

~ 
'" 3D :0 
~ 
co 
ill 20 
~ 
'" 10 

1.60 
m 

'" 140 
co 
Ei 

120 ;;: .. 
>- 100 

~ 
~ 80 
> 
~ 60 :;: 
'" 40 

1.8 
j 
..... 1.6 
co 

I :: 
~ 1.0 

~ 
~.., O.B 
_ 0.6 

-0.4 -0.2 0.2 

VOLTAGE DRIFT ,"vrci 

Negative Power Supply 
Rejection 

0.4 

VS" !1SV 
T •• 25"e 

~ ......... .'" ~SET"6.4k!! RSET ;; 10 k~! ~ ~ 
~ 

10 100 lk 10k lOOk 

FREQUENCV (Hz) 

Voltage Drift 

/ 
Vs = +15V / 
/' 

V 

V 
0.2 0.4 0.6 0.8 1.0 

OFFSET VOLTAGE ImVI 

Set Current 

" 
..... 

" ..... 
V 

V 

i 0.4 
~ 

0.2 
-55 ~15 25 65 105 

TEMPERATURE ("CI 
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z 
:< 
co 

70 

Distribution of Offeet 
Voltage Drift «Nulled) 

60 r--+-+-+-t-t-+-+-+ 

10 

-0.1 • 0.1 0.2 

VOLTAGE DRIFT ,"vrci 

Input Nois. Voltage 

100~~ 
lO~ 
10 t--.. RSET = 10 ku 

I RSET-= 6.4 len 

I ~--~--~--~--~ 
10 100 lk 10k lOOk 

FREQ~ENCV (Hd 

Differential Voltage Gain 

400 rV;:7,W1!il==I=I=t+l=r:m=~ Vs = t15V 
1 -100 H'IIl--+-H++~e--l 

~ 

COl00.1!f11 ~ 
~ 40 

" ~ 
~ 
c; 

10 20 50 100 200 

SET CURRENT/SIOE ,"AI 

Common·Mode Limits 

V' RSET = 10 lin 
-2 

~ -4 
~ 

'" -6 
:::; 
~ -8 " co 
=!' -10 
'" 

REFkRRlol-r-r-- SUPPLVVDLTAGES 

RSE~ ,. 6.4 in :-....... 
r--

" ~ -12 

S RSET; 10 kn 

v- I I RSET; 6.4 kn 

-55 -15 25 65 105 

TEMPERATURE ("C) 



Typical Performance Characteristics (Continued) 

I 

Common-Moda Limits Output C~mmon-Moda Voltage Differential Voltage Gain 
11' 

~ I J '1~~~,c_ 
11' 

111111 
1.4 

E -I 
Vs =!15V 

-2 .. ........ 111111 f· 300H • 

I~j co " E .. 1.3 

~ 
-2 N 

i -4 TA or -55"e ~ 

TA-25'~1tt -3 '" > ~ I.! ::; -& .. 
TA o"2'S!l 

Q -4r- TA -+25"C " V ill " In I ~ 

" ... .. -5 z 1.1 .. .. III TA ' "25'C 
;;: Y' z REFERRED TD.U II " .. .. -& " -11 '" III "' 1.0 I Biill ~r AGjS J II 8 
.. ,...... 
'" V 8 ... -1 

REFERRE~'~O !:; 
2 :0 " 0.9 ..... 

j -!I1i°C<TA<+125°C 
~ -8 > 
:0 'DSITIYE~~mY 

Y- " -9 O.B 
2 5 10 20 58 100 200 2 5 10 20 58 100 200 -55 -15 25 65 105 

SET CURRENTiSlDE {"AI SET CURRENT/SIDE {.AI TEMPERATURE {"CI 

Supply Current Offset Voltage Adjustmenl Common·Mode Rejection' Ratio 
1.& 3.2 ; 1&0 

Vs=:'"15V I TA = 25<'C 
./ Vs ·,'5V 

1.4 2.1 
,/ " TA =25c C 

I :> '" 140 
;; 2.4 '" ~ .!! 1.2 .!! V '" ~ ... Rsn-&.4~ - "' 

z 
120 

13 ~ .. 2.0 " 

""" 
~ET"6.4kn 1.0 '" / Y' ~ ~ ".. 

isn -10k" 

!:; 1.& 
1': ~ ~ 100 

0.8 -- / '" RSH ., 10 kn "" ~ .. t; 1.2 it. "' t ~ 1/ " 80 0.6 

~ ~ ;: - I " 
0.8 

/ AI R2 
0.4 0.4 .. &0 

I V Y- .. 
0.2 0 8 40 

.55 -15 2S &5 105 1 1.2 1.4 1.& I.B 2.0 10 . 100 Ik 10k lOOk 

TEMPERATURE I'CI RSET RATIO R2/Rt ' FREQUENCY {H.I 

". 
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~National 
~ Semiconductor 

Instrumentation Amplifiers 
PRELIMINARY 

lM163/LM363 Precision Instrumentation Amplifier 
General Description 
The LM163 is. a monolithic true instrumentation amplifier. 
It requires no external parts for fixed gains of 10, 100 and 
1,000. High precision 15 attained by on-chip trimming of 
offset voltage and gain. A super beta bipolar input stage 
gives very low input voltage noise, extremely low offset 
voltage drift, and high common-mode rejection ratio. A 
new two-stage amplifier design yields an open loop gain 
of 10,000,000 and again bandwidth product of 30 MHz, yet 
remains stable for all closed loop gains, even with large 
capacitive loads. Supply voltage range is ± 5V to ± 18V. 

The LM163 has separate force, sense, and reference pins 
to allow gain to be increased using external resistors. 
Twin differential shield drivers eliminate bandwidth 1055 
due to shield capacitance. Compensation pins are 
available to allow simple low-pass filtering_ The LM163 
with all options is in a l6-pin dual-in-line packalle. 

For less stringent applications requiring a single fixed 
gain, it is also available in an 8-pin TO-5 package. Shield 

Typical Connections 
8-P~n Package 

V+ 

Connection Diagrams 

OUTPUT 

drivers, pin-strapped gain options, and offset adjustment 
pins are eliminated on the8-pin versions. Gain is internally 
set at 10, 100, or 500, but may be increased with the addi
tion of external resistors. 

The LM163 is rated for -55·C to + 125·C operation. The 
LM363 15 rated for O·C to 70'C operation. 

Features 
• Offset and gain pretrimmed 
• 7 nV/$z input noise 
• 130 dB CMRR typical 
• 2 nA bias current typical 
• No external parts required 
• Differential shield arlvers 
• Available at 0.5 ,.V/·C maximum drift 
• Can be used as a high performance op-amp 

16-Pin Package 

+ .. _-
VOUT 

G=10 2,3,4, open 
G=100 3-4 shorted 

G = 1000 2-4 shorted 

Dual·ln·Line Package 

Metal Can Package 

COMP 

COMPI COMP2 SENSE OUTPUT REF V- + INPUT +SHIELO 

V
TOP VIEW 

Order Number LM163AH-l0, 
LM163H-l0, LM363AH-l0, LM363H-l0, 

LM163AH·l00, LM163H·l00, LM363AH·l00, 
LM363H·l00, LM163AH·500, LM163H·500, 

LM363AH·500 or LM363H·500 
See NS Package HOaC 

V+ 
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15 14 13 12 11 10 

G = 1000 G = 100 GR Vos VOS -INPUT -SHIELD 

TOP VIEW 

Order Number LM163AD, 
L1\II136D, LM363AD or LM363D 

See NS Package D16C 



Absolute Maximum Ratings 
Supply Voltage ±18V 

Differential Input Voltage ±10V 

Differential Input Current ±20mA 

Common-Mode Input Voltage Equal to SupplyVoltage 

Reference and Sense Voltage ±25V 

Electrical Characteristics (Note 1) 

Parameter Conditions 
LM163A1LM363A LM163 LM363 

Units Min Typ Max Min Typ Max Min Typ Max 

Input Offset Voltage TA=25·C, G =500 10 ±30 20 ±50 30 ±100 p.V 
Fixed Gain G=100 25 ±75 35 ±100 50 ±200 p.V 

G=10 0.2 ±0.6 0.3 ±1.0 0.5 ·±2.0 mV 
Full Temperature Range 
G=500 ±80 ± 150 ±300 p.V 
G=100 ±200 ±400 ±500 p.V 
G=10 £2 ±4 ±5 mV 

Input Offset Voltage G=500 0.2 ±0.5 ±2 ±4 p.V/·C 
Temperature Drift G=100 ±2.0 ±5 ±8 p.V/·C 
Fixed Gain G=10 ±25 ±50 ±75 p.V/·C 

Input Offset Voltage TA = 25·C, G = 1000 10 ±50 25 ±100 50 ±200 p.V 
Programmable Gain G=100 25 ±150 50 ±300 100 ±400 p.V 

G=10 0.3 ±1 0.5 ±2 1.0 ±3 mV 
Full Temperature Range 

. G=1000 ±100 ±200 ±400 p.V 
G=100 ±300 ±500 ±800 p.V 
G=10 ±3 ±6 ±7 mV 

Input Offset Voltage G=1000 0.2 ±0.5 0.5 ±3 0.8 ±5 ,"W·C 
Temperature Drift G=100 0.5 ±2.0 2.0 ±6 2 ±10 p.W·C 
Programmable Gain G=10 5.0 ±25 10 ±80 10 ± 100 ",W·C 

Common·Mode' G = 5QO/1000 126 140 120 130 114 130 dB 
Rejection Ratio Full Temperature Range 115 106 104 dB 

G=100 112 130 106 125 94 120 dB, 
Full Temperature Range 100 94 84 dB 
G=10 tOO 115 94 110 90 105 dB 
Full Temperature Range 88 82 80 dB 

Input Bias Current -5 2 5 -5 2 5 -10 ' 2 10 nA 
Full Temperature Range -10 4 10 -10 4 10 -20 -20 nA 

Differential Mode G=10 20 20 20 Gil 
Input Resistance G=I00 2 2 2 Gil 

G =500/1000 0.2 0.2 0.2 Gil 

Common·Mode All Gains 100 100 100 Gil 
Input Resistance 

Input Offset Current 0.2 1.0 0.5 1 0.5 3 nA 
Full Temperature Range 2 2 5 nA 

Input Offset Current -11VsVCM sI3V 50 100 100 pAN 
Change Full Temperature Range 150 300 300 pAN 

Input Voltage Noise G =500/1000 7 7 7 nV-,fHz 
(RMS) 10 Hzs fsl0 kHz G=100 12 12 12 nV-,fHz 

G=10 50 50 50 nV-,fHz 

Input Voltage Noise G = 500/1000 0.4 0.4 0.4 p.V 
Peak·to-Peak (Note 2) G=I00 1.5 1.5 1.5 ",V 

G=10 10 10 10 ",V 

Note 1: Unless otherwise,noted, these conditions apply: V + ::: V - ;;:; 15V,output load = 5 kO, VCM = 0, reference pin is grounded, output sense is tied tOQutput 
force, and junction temperature Is 25"C. 

Nole 2: Measured for 100 seconds at a bandwidth of 0.01 Hz to 10 Hz. 
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Electrical Characteristics (Continued) (Note 1) 

Parameter Conditions 

Input Current Noise 10 Hz:s I:s 10 kHz 
(RMS) 

Input Current Noise 0.01 Hz:s I:s 10 Hz 
Peak·to·Peak 

Gain Error 

Gain Non·Linearity 

Supply Voltage 
Rejection Ratio
Positive 

Supply Voltage 
Rejection Ratio
Negative 

Common·Mode Input 
Voltage Range 

Small Signal 
Bandwidth 

Fixed G = 10, 100, 500 
Programmable G = 100 
Programmable G = 10 
Programmable G = 1000 

-10V :S Vour:S + 10V, 
G = 10,100 
G =500,1000 

G =500,1000 
G=100 
G=10 

G=500, 1000 
G=100 
G=10 

V+ =V- =15V 
V+ =V- =5V 

G=500, 1000 
G=100 
G=10 

Settling Time to 0.1% aVour =10V,G=500,1000 
G=100 

Open Loop Gain 

Gain Shift with 
Temperature 

Supply Current 
Positive 

Reference and 
Feedback Resistance. 

G=10 

G =500,1000 

G=500, 1000 
G=100 
G=10 

Positive 
Negative 

Typical Applications 

Increasing Gain 

..!!~ 13 

'N,u~l A 12 14 ,,",VoUT 

.....:c 1-(,'13 • ., 

.2 

., 

G.'n Inc...... 1.5 2.5 

Rl 1.2k 1.2k 2k 

R2 5k 2.Sk 2.74k 

Error +0.6% -0.8% 0 

LM163A1LM363A LM163 LM363 
Min Typ Max Min Typ Max Min Typ 

120 
105 
90 

110 
96 
80 

-11.6 
-2.75 

0.15 

40 

0.05 0.2 
0.05 0.2 
0.4 1.0 
0.4 1.0 

0.005 0.01 
0.007 0.02 

130 
120 
100 

120 
106 
86 

30 
100 
200 

70 
25 
20 

+13.8 
+3.8 

120 
105 
90 

105 
90 
75 

-11.6 
-2.75 

0.15 

40 

0.05 0.3 
0.05 0.3 
0.4 1.0 
0.4 1.0 

0.005 0.02 
0.007 0.03 

130 
120 
100 

120 
106 
86 

30 
100 
200 

70 
25 
20' 

+13.8 
+3.8 

110 
100 
85 

100 
85 
70 

-11.6 
-2.75 

0.15 

40 

0.1 
0.1 
0.6 
0.4 

0.01 

130 
120 
100 

120 
106 
86 

30 
100 
200 

70 
25 
20 

2xl06 107 2xl06 107 107 

15 
5 
5 

35 

2k 

15 
5 
5 

1.2 
1.6 

50 

1.8 
2.2 

70 35 

15 
5 
5 

1.2 
1.6 

50 

1.8 
2.2 

70 30 

1.2 
1.6 

50 

Al and A2 should be as low as possible to avoid errors due toSOkll 
Input Impedance of reference and sense pins. Total resistance 
(A2 + 2Rl) should be above 4 kll, however, to prevent excessive 
load on the LM163 output. The exact formula for calculating gain 
(G) Is: 

( 
2Al Al:\ 

G=Go · 1+ R2 + 5ok) 
Go = preset gain 

The last term may be ignored in applications where gain accuracy 
is not critical. The table below gives suggested values lor Al and 
R2 along with the calculated error due to "closest value" standard 
1 CIllo resistors. 

5 6 8 9 

1.78k 2k 2.49k 2.94k 3.48k 4.02k 

Max 

0.5 
0.5 
1.5 
1.5 

0.03 
0.05 

+13.8 
+3.8 

2.2 
2.5 

80 

10 

4.53k 

2.OSk 1.2k lk lk lk lk lk lk 

-0.3% +0.06% +0.8% +0.5% -0.9% +0.4% -0.9% -0.7% 
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Units 

pA/..jHz 

pA 

% 
% 
% 
% 

% 
% 

dB 
dB 
dB 

dB 
dB 
dB 

V 
V 

kHz 
kHz 
kHz 

~s 

~s 

~s 

VIV 

ppm/'C 
ppm/'C 
ppml'C 

rnA 
rnA 

kll 



Typical Applications (Continued) 

4 mA-20 mA Transmitter 

1.4k 

~2mA i lk 
3&k 

* Select for proper gain 

Current regulation Is near perfect because the LMI63 operates off the 
Zener reference. Circuitry Is simplified by being able to drive the 
reference pin outside the power supply voltage. Gain and offset 
adjustments are non·interactive. 2 mA is available to drive the bridge. 

_M163 Used as Precision Op Amp 

Rf 

c,~ 

COMP ':' 
>----+-VOUT 

* Select for optimum square.wave response. Omit for closed loop 
gains above 100. 

Curvature Corrected Platinum RTD Thermometer 

10k 
1% 

Uk 
1% 

15V 

2.1k 

LM129 
6.95V 10k' 

1% 

200t 
ZERO 

10k I.Blk' 
1% 1% 

r----
I 
I 
1 

3.5k-· 
0.1% 

--, 
I 
I 
I 
I 
I 

lOon 1 
AT I 
O'c I 

~---------'----------~I~~~ I 
I I 

1.15k 
1% I PLATINUM I 

L!.N~'!.. _..I 
2 
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lktt 
1% 

3ktt 
1% 

2kt 

GAIN 

lktt 
1% 

':' 

100mvrc . 

BBk 
1% 

3&Ok 
20k 

NON· 
1% 

LlNEARITV 

':' 
1.5M 
1% 

105k 
1% 

* 70k and 1.91k should track to 5 ppml"C 

* * Les. than 5 ppml'C drift 
t Less than 100 ppmJ'C drilt 

tt These resistors should track to 20 ppmJ'C 

This thermometer· is capable of O.Ol·C accuracy over. - SO'C 10 
+ lSO'C. A unique trim arrangement eliminates cumbersome trim 
Interactions so that zero, gain, and nonlinearity correction can be 
trimmed In one oven trip. Extra op amps provide full Kelvin sensing on 
the sensor without adding drill and offset terms found In other 
designs. 



Typical Applications (Continued) 

Zeroing Input Bias Current· 

+------.., 
100M 

1M 

10DM 

1M 

• For gains of 10 and 100 

Simplified Schematic (for 16-pin dual-in-line package) 

SHIELD ( 
DRIVERS 9 

+ 

1 VOS 1M I , 
L~~~~!:..! 

VIOS and Voos Adjust 

1M 
r"N~""---V+ 

>..:~-...;' VOUT 

lOOt "'W",",K voos 

-----V-

18 -., 
-L- OPTIONAL 
-r- COMPENSATION 

I ',5 

13 OUTPUT 
I FORCE 

• I 
I. 

10 

INPUTS {: .:.7 ........ IV\fV----i1------------i1-....... 

: OUTPUT 
14 SENSE 

5Dk 

12 5Dk 
REFERENCE -JV""~~-I 

3.5k 3.5k 

11 
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Instrumentation Amplifiers 

LHOO361LHOO36C Instrumentation Amplifier 

General Description 
The LH0036/LH0036C is a true micro power 
instrumentation amplifier designed for precision 
differential signal processing. Extremely high accu· 
racy can be obtained due to the 300 MU input 
impedance and excellent 100 dB common mode 
rejection ratio. It is packaged in a hermetic TO·8 
package. Gain is p~ogrammable with one external 
resistor from 1 to' 1000. Power supply operating 
range is between ±lV and ±18V. Input bias current 
and output bandwidth are both externally ad
justable or can be set by internally set values. 
The LH0036 is specified for operation over the 
-55° C to + 125° C temperature range and the 

LH0036C is specifi~ for operation over the 
-25°C to +85°C temperature range. 

Features 
• High input impedance 

• High CMRR 
• Single resistor gain adjust 

• Low power 
• Wide supply range 
• Adjustable input bias current 
• Adjustable outP~t bandwidth 
• Guard drive output 

Equivalent Circuit and Connection Diagrams 

GAIN 
SET 

NON tNV 
iNPUT 

INPUT GUARD 
BIAS DRIVE BANDWIDTH 

ADJUST OUTPUT 

rl--
CO~AOl 9" JV

-" ___ 1 ___ l!; __ , 

A3 

AI 

I 
I 
I 
I 
I 

'--...... .L:.:." OUTPUT 

A' 

A. .. • 
A' I, 

L ______________ -I 

INVERTING 
INPUT 

GUARD DRIVE 
OUTPUT 

"".A 
TAIM 

TOPYIEW 

OUTPUT 

Order Number LHOO36G or LHOO36CG 
See NS Packege H12B 
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CMRR 
PRESET 

CMRR 
TRIM 

300 MU 
100 dB 

1 to 1000 
90j.tW 

±lV to ±18V 



Absolute Maximum Ratings 
Supply Voltage ±18V Short Circuit Duration Continuous 
Differential Input Voltage ±30V Operatmg Temperature Range 

Input Voltage Range ±Vs LH0036 -5SoC to +12SoC 

Shield Drive Voltage ±Vs LH0036C -2SoC to +8SoC 

CMRR Preset Voltage ±Vs Storage Temperature Range -6SoC to +150°C 

CMRR Tnm ~ortage ±Vs Lead Temperature, Soldering 10 seconds 300·C 
Power DISSipation (Note 3) 1.5W 

Electrical Characteristics (Notes 1 and 2) 

LIMITS 

PARAMETER CONDITIONS LHOO36 LH0036C UNITS 

MIN TVP MAX MIN TVP MAX 

Input Offset Voltage Rs = 1.0kH •. T A = 25"C 0.5 1.0 1.0 2.0 mV 
(V,OS ) Rs = 1 OkH 2.0 3.0 mV 

Output Offset Voltage Rs = 1.0kn, T A = 25°C 2.0 5.0 50 10 mV 
(Voas ) Rs = 1.0kH 6.0 12 mV 

Input Offset Voltage Rs S 1.0kH 10 10 ~vl"c 
Tempco (~Vlos/~T) 

Output Offset Voltage 15 15 ~vl"c 
Tempco (~Voos/")'T) 

Overall Offset Referred Av '" 1.0 25 6.0 mV 
to Input (Vos) Av '" 10 0.7 1.5 mV 

Av = 100 0.52 1.05 mV 
Av = 1000 0.502 1.005 mV 

Inpu[ Bias Current TA =2Sc C 40 100 50 125 nA 
IIBI 150 200 nA 

Input Offset Current TA = 25°C 10 40 20 50 . nA 
11051 80 100 nA 

Small Signal BandWidth Av = 1.0, RL ::: 10kU 350 350 kHz 
Av = 10, RL = 10k!2 35 35 kHz 
Av '" 100, RL '" ·,0kf2 3.5 3.5 kHz 
Av ::: 1000, RL = lOki! 350 350 Hz 

Full Power BandWidth VIN = ±10V, RL = 1O~, 5.0 5.0 kHz 
Av::: 1 

Input Voltage Range Differential ±10 ±12 ±1O ±12 V 
Common Mode ±1O ±12 ±10 ±12 V 

Gam Nonlinearity 0.03 0.03 % 

Deviation From Gam Av ::: 1 to 1000 ±O.3 ±1.0 ±1.0 ±3.0 % 
Equation For~ula 

PSRR ±5.0V ~ Vs $ ±15V, 1.0 2.5 1.0 5.0 mVIV 
Av::: 1.0 
±5.0V ~ Vs '$±15V, 0.05 0.25 0.10 0.50 mVIV 
Av = 100 

CMRR Av = 1.0 DC to 1.0 2.5 2.5 5.0 mVIV 
Av = 10 100 Hz 0.1 0.25 0.25 0.50 mV/V 
Av = 100 ':'Rs = 1.0k 50 100 50 100 ~VIV 

Output Voltage Vs = ±15V, RL = IOkU, ±10 ±13.5 ±10 ±13.5 V 
Vs = ±1.5V, RL = 100kil ±O.6 ±0.8 ±0,6 ±0.8 V 

Output ReSistance 0.5 0.5 H 

Supply Current 300 400 400 600 ~A 

EqUivalent Input Noise 0.1 Hz<f< 10kHz, 20 20 ~V/p·p 

Voltage Rs < 50n 

Slew Rate AV IN ::: ±10V, 0.3 0.3 V/J.ls 
RL = IOkH. Av = 1.0 

SettlmgTlme To ±IO mY, RL ::: lOk!2, 
AVOUT ::: 1.0V 

Av::: 1.0 3.8 3.8 ~s 

Av = 100 180 180 ~s 

Nots 1: Unless otherwise specified, all specifications apply for Vs = ±lSV, Pins 1,3, and 9 grounded, -2SoC to +8SoC for the 
LH0036C and -5S·C to +12S·C for the LHOO36. 
Note 2: All typical values are for T A = 2SoC. 

Note 3: The maximum junction temperature IS 150° C. For operation at elevated temperature derate the G package on a 
thermal resistance of 90°C/W, above 2SoC. , 
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Typical Performance Characteristics 
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Typical Applications 

lZ.JUV 
INPUT 

!IOGmV 
INPUT 

"OmY 
INPUT 

'IOV 
INPUT 

Pre MUX Signal Conditioning 

~.!.!...---I----<lDUT1'UT 

ENABLE 

L---------OV-·-1DVTO-1SV 

-Rm AND AI ARE OPTIONAL BANDWIDTH AND INPUT lIAS tURRENT 
CONTROLLING RESISTOR$. 

Instrumentation Amplifier with Logic Controlled 
Shut-Down 

OUT'UT 

Isolation Amplifier for Medical Telemetry 

I I , /' 
DIDDlSIN THERNAL 

caNT ACT WITH AMllfNT 
THERMOCOUlLEJUflCTIOIIS 

" .. 
'" , .. 

.----..... -+--t---+-+15V 

-I ............. __ ~ ___ .... _nv 

Thermocouple Amplifier with Cold Junction Compensation 

GAIN 

4Z0mA! tURRENT 11 10' 
LOOP v," 

v' ~~ OUTPUT 

f t FH , 
FL·~ 

-I5V 
fH s A FUHcnON Of SelECTED AVC\,. R. AND A .. 

Process Control· Interface High Pass Filter 
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Applications Information 
THEOR.Y OF OPERATION 

r------------, , 
I 
I 
I 
I 
I 

L ____________ .J 

FIGURE 1. Simplified lH0036 

11 
OUTPUT 

The LH0036 'is a 2 stage amplifier with a high 
input impedance gain stage comprised of A, and 
A2 and a differential to single'ended unity gain 
stage, A3 • Operational amplifier, A" receives 
differential input signal, e" and amplifies it by a 
factor equal to (Rl + RG)/R G. 

A, also receives input e2 via A2 and R 2. e2 is seen 
as an inverting signal with a gain of R l/RG. A, 
also receives the common mode signal eCM and 
processes it with a gain of +1. 
Hence: 

Rl 
(1) 

By similar analysis V 2 is seen to be: 

R2 + RG R2 
V2 = ---e2 - - e, +eCM 

RG RG 
(2) 

For Rl = R2: 

V2-V, =[C:J+l](e2 -e,) (3) 

Also, for R3 = R5 = R4 = R6, the gain of A3 =1, 
and: ' 

eo = (1)(V2 - Vti = (e2 - e,)' [ 1 + (2:G1) ] (4) 

As can be seen for identically matched resistors, 
eCM is cancelled out, and the differential gain is 
dictated by equation (4). 

For the LH0036, equation (4) reduces to: 

eo 50k 
AvcL = --- = 1 + --

e2 - e, RG 
(5a) 

The closed loop gain may be set to any value from 
1 (RG = 00) to 1000 (RG ~ 50n). Equation. (5a) 
re-arranged in more convenient form may be used 
to select RG for a desired gain: 

50k 
RG = 

AvcL - 1 

USE OF BANDWIDTH CONTROL (pin 1) 

(5b) 

In the standard configuration, pin 1 of the LH0036 
is simply grounded. The, amplifier's slew rate in 
this configuration is typically 0.3V 11'-5 and small 

4·22 

signal bandwidth 350 kHz for AVCL = 1. In some 
applications, particularly at low frequency, it may 
be desirable' to limit bandwidth in order to mini· 
mize the overall noise bandwidth of the device. A 
resistor Raw may be placed between pin 1 and 
ground to accomplish this purpose. Figure 2 shows 
typical small signal bandwidth versus R BW' 

1M 

g fOOk 

~ 
I 
~ 10k 

l.OM tOM. 100M 1DOOM 

Raw - RESISTANCE fROM PIN 1 TO GROUND I!!) 

FIGURE 2. Bandwidth ys RBW 

It also should be noted that large signal bandwidth 
and slew rate may be adjusted down by use of 
Raw. Figure 3 is plot of slew rate versus Raw. 

.. 
'" ~ w 

1.0 

0.1 

!« 0.01 
= 
! 
;:0.001 

10k lOOk 1.0M 10M 100M 

Raw - RESISTANCE FROM PIN 1 TO GROUND HI! 

FIGURE 3. Output Slew Rate ys RBW 

CMRR CONSIDERATIONS 

Use of Pin 9, CMRR Preset 

Pin 9 should be grounded for nominal operation. 
An internal factory trimmed resistor, R6, will 
yield a CMRR in excess of 80 dB (for AvcL = 100). 
Should a higher CMRR be desired, pin 9 should 
be left open and the procedure, in this section 
followed. 

DC Off·set Voltage and Common Mode 
Rejection Adjustments 

Off-set may be nulled using the circuit shown in 
Figure 4. 

v' 

v-

FIGURE 4. VOS Adjustment Circuit 

Pin 8 is also used to improve the common mode 
rejection ratio as shown in Figure 5. Null is 
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achieved by alternately applying ±10V (for V+ & 
V- = 15V) to the inputs and adjusting R 1 for 
minimum change at the output. 

OUTPUT 

FIGURE 5. CMRR Adjustment Circuit 

The circuits of Figure 4 and 5 may be combined 
as shown in Figure 6 to accomplish both Vas 
and CMRR null. However, the Vas and CMRR 
adjustment are interactive and several iterations 
are reql:Jired. The procedure for null should start 
with the inputs grounded. 

+10V o-.... -.!F" 

FIGURE 6. Combined CMRR, VOS Adjustment Circuit 

R2 is adjusted for Vas null. An input of +10V 
is then applied and R 1 is adjusted for CM R R null. 
The procedure is then repeated until the optimum 
is achieved. 

A circuit which overcomes adjustment interaction 
is shown in Figure 7. In this case, R2 is adjusted 
first for output null of the LH0036. R 1 is then 
adjusted for output null with +10V input. It is 

. always a good idea to check CMRR null with a 
-10V input. 'The optimum null achievable will 
yield the highest CMRR over the amplifiers com· 
man mode range. 

_nv 

ov"~:a~~ 0-...... -=-1 
-Iav 

.----..... -0.,5\1 

Rl 
10011 

L----+-o -1~V 
• Non NOMINAL VALUE RI lOAtHIEVE OPTIMUMtMftR ISJOII!! 

FIGURE 7. Improved VOS, CMRR Nulling Circuit 

AC CMRR Considerations 

The ac CMRR may be improved using the circuit 
of Figure B. 

4·23 

.'~V 

OUTPUT 

FIGURE 8. Improved AC CMRR Circuit 

After adjusting Rl for best dc CMRR as before, 
R2 should be adjusted for minimum peak·to·peak 
voltage at the 'output while applying an ac 
common mode signal of the maximum amplitude 
and. frequency of interest. 

INPUT BIAS CURRENT CONTROL 

Under nominal operating conditions (pin 3 ground· 
ed). the LH0036 requires input currents of 40 nA. 
The input current may be reduced by inserting a 
resistor (Rs) between 3 and ground or, alter· 
natively, between 3 and V-. For Rs returned to 
ground, the input bias current may be predicted 
by: 

V+ - 0.5 
ISlAS"" ---:c----

4 X lOB + 800 Rs 

or 

V+ - 0 5 - (4 x lOB) (ISlAS) Rs = _______ ........:::..:..c."-

800 ISlAS 

Where: 

ISlAS = Input Bias Current (nA) 

(6a) 

(6b) 

Rs = External Resistor connected between 
pin 3 and ground (Ohms) 

V+ = Positive Supply Voltage (Volts) 

Figure 9 is a plot of input bias current versus Rs. 

". 

10 
C 
.s 

j 
1.0 

tOOk UM tOM 100M 

As - RESISTANCE FROM PIN J TO GROUND Ul) 

FIGURE 9. Input Bias Current as a Function of Ra 

As indicated above, Rs may be returned to the 
negative supply voltage. I nput bias current may 
then be predicted by: 

(V+ - V-I - 0.5 

I "" BIAS 4 X lOB + BOO:Rs 
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Applications Information (Cont'd) 

or 

(8) 

Where: 

ISlAS = Input Bias Current (nA) 

Rs = External resistor connected between 
pin 3 and V- (Ohms) 

V+ = Po~itive Supply Voltage (Volts) 

V- = Negative Supply Voltage (Volts) 

100 

10 

~ 
j 

1,0 

10011. 1.0M 10M 100M 

Rs - RESISTANCE FROM PIN:I V-I!lI 

FIGURE 10.-lnput Bias Currentss a Function of RB 

Figure 10 is a plot of input bias current versus 
Ra returned to V- it should be noted that band
width is affected by changes in Ra .. Figure 11 is a 
plot of bandwidth versus Ra. 

UM 

g 
~ lOOk 

~ :i 10k 
z 
g 
~ Uk 

lOOk 1.0M 10M 100M 

Rs - RESISTAN'CE FROM PIN 3 TO GROUND 1!!1 

FIGURE 11. Unity Gain Bandwidth as a Function of RB 

BIAS CURRENT RETURN 
PATH CONSIDERATIONS' 

The LH0036 exhibits input bias currents typically 
in the 40' nA region in each input. This current 
must flow through R ISO as shown in F igu re 12. 

+I5V 

OUTPUT 

FIGURE 12. Bias Current Return Path 
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In a typical application, Vs = ±15V, IS1 ;= IS2 ;= 
40 nA, the total current, IT, would flow through 
R ISO causing a voltage rise at point A. For values, 
of R ISO ~ 150 Mil, the voltage at point A exceeds 
the +12V common range of the device. Clearly, 
for R,so = ,00, the LH0036 would be driven to 
positive saturation. 

The implication is that a finite impedance must 
be supplied between the input and power supply 
ground. The value of the resistor is dictated by 
the maximum input bias current, and the cornman 
mode voltage. Under worst case conditions: 

VCMR - V CM 
R,so :::; --'----'-

IT 
(9) 

Common Mode Range (10V for 
the LH0036) 

VCM = Common Mode Voltage 

IT = la, + la2 

In applications in which the signal source is float- ' 
ing, such as a thermocouple, one end of the source 
may' be grounded directly or through a resistor, 

GUARD OUTPUT 

Pin 2 of the, LH0036 is provided as a guard drive 
pin in those stringent applications which require 
very low leakage and rninimum input capacitance. 
Pin 2 will always be biased at the input common 
mode voltage. The source impedance looking into 
pin 2 is approximately 15 kil. Proper use of the 
guard/shield pin is shown in Figure 13. 

OUTI'UT 

FIGURE 13. Use of Guard 

For applications requiring a lower source impedance 
than' 15 kU, a unity' gain buffer, such as the 
LH0002 may be inserted between pin 2 and the, 
input shields as shown in Figure 14. 

OUTPUT 

FIGURE 14. Guard Pin With Buffer 



Definition of Terms 

Bandwidth: The frequency at which the voltage 
gain is reduced to 0.707 of the low frequency 
(dc) value. 

Closed Loop Gain, AVCL: The ratio of the output 
voltage swing to the input voltage swing deter· 
mined by AVCL = 1 + (50k/RG). Where: RG = 
Gain Set Resistor. 

Common Mode Rejection Ratio: The ratio of 
input voltage range to the peak·to·peak change in 
offset voltage over this range. 

Gain Equatiol Accuracy: The deviation of the 
actual closed loop gain from the predicted closed 
loop gain, AVCL = 1 + (50k/RG) for the specified 
closed loop gain. 

Input Bias Current: The current flowing at pin 5 
and 6 under the specified operating conditions. 

Input Offset Current: The difference between the 
input bias current at pins 5 and 6; i.e. los = 
115 - 161. 

Input Stage Offset Voltagj!, VIOS: The voltage 
which must be applied to the input pins to force 
the output to zero volts for AVCL = 100. 

Output Stage Offset Voltage, Voos: The voltage 
which must be applied to the input of the output 
stage to produce zero output voltage. It -can be 
measured by measuring the overall offset at unity 
gain and subtracting V,OS. 

4·25 

Voos = [Vos I )- [Vos I ] AVCL = 1 AVCL = 1000 

Overall Offset Voltage: 

Voos 
Vos = V,OS + --

AVCL 

Power Supply Rejection Ratio: The ratio of the 
change in offset voltage, Vos, to the change in 
supply voltage producing it. 

Resistor, Ra: An optional resistor placed between 
pin 3 of the LH0036 and ground (or V-I to 
reduce the input bias current. 

Resistor, Raw: An optional resistor placed be
tween pin 1 of the LH0036 and ground (or V-I 
to reduce the bandwidth of the output stage. 

Resistor, RG: A gain setting resistor connected 
between pins 4 and 7 of the LH0036 in order to 
program the gain from 1 to 1000. 

Settling Time: The time between the initiation 
of -an input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output Voltage. 
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lH0038/lH0038C Tru~ Instrumentation Amplifier 
General Description 
The LH0038/LH0038C is a precision true instrumenta· 
tion amplifier (TlA) capable of amplifying very low level 
signals, such as thermocouple and low impedance strain 
guage outputs. Precision thin film gain setting resistors 
are included in the package to allow the user to set the, 
closed·loop gain from 100 to 2000. Since the resistors 
are of a homogeneous single chip construction, they 
track almost perfectly so that temperature variations of 
closed loop gain are virtually eliminated. 

LH0038 exhibits excellent CMRR, PSRR, gain linearity, 
as well as extremely low input offset voltage, offset 
voltage drift and input noise voltage. 

Simplified Schematic Diagram 

The devices are provided in a hermetically sealed 16·lead 
DIP. The LH0038 is guaranteed from -55°C to +125°C; 
whereas the LH0038C is guaranteed from -25°C to 
+85°C. 

Features 
• Ultra-low offset voltage 

• Ultra-low offset drift 

25 /lV typ., 100 /lV max 

0.25 /lV Ie max 

• Ultra-low input noise 0.2/lVp,p 
• Pin strap gain options 100, 200, 400, 500, 1 k, 2k 

• Excellent PSRR and CMRR 120dB 

2 

~--------~~----~---1~-----------------'------~v' 

Connection Diagram 

R7 An 
lit Ik 

RB Al2 
lOOk lOOk 

R9 AID 
5263k 5263k 

R14 
2Dk 

Dual·ln-Line Package 

" 
VOUT 

V· 
2 

, 3 

OFFSET ADJUST! 4 

RUS 
5 

RlOO 

AIOOD 

A200D 

16 IiROUND SENSE 

15 OUTPUT SENSE 

14 'r 

13 INV. INPUT 

12 NON.INV.INPUT 

11 GUARD, CASE-

10 E-

Order Number 
LH00380 or LH0038CD 

• T.'VIEW , See Package 0160 
Guard output is connected to the case. 
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Absolute Maximum Ratings 

Supply Voltage ±18V 
Differential Input Voltage (Note 1) ±lV 
Inp'ut Voltage ±VS 
Power Dissipation (See Curve) 500mW 
Short Circuit Duration Continuous 
Operating Temperature Range 

LH0038 -55°C to +125°C 
LH0038C -25°C to +S5°C 

Storage Temperature --65°C to +150°C 
Lead Temperature (Soldering, 20 seconds) 300°C 

DC Electrical Characteristics (Note 2) 

LH0038 LH0038C 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

VIOS Input Offset Voltage TA = 25°C 25 100 30 150 

125 220 
p.V 

AVIOS/AT Input Offset Voltage 0.1 0.25 0.2 1.0 /lVfC 

Tempeo RS = 50n 

VOOS Output Offset Voltage VCM = OV TA=25°C 3 10 5 25 
mV 

15 30 

AVOOS/AT Output Offset Voltage 25 25 p.vfc 

Tempeo 

IS Input Bias Current TA = 25°C 50 100 50 100 

200 200 
nA 

lOS Input Offset Current TA = 25°C 2 5 7 10 

8 15 
VCM =OV 

500 pAtC AIB/AT, Input Bias Current 500 

Tempeo 

AVCL Closed Loop Gain Gain Pins Jumpered 

None 100 100 

6-10 200 200 

6-9,10-5 400 400 VIV 

6-10,5-9 500 500 

7-10 1000 1000 

8-10 2000 2000 

Closed Loop Gain AVCL = 100,200 0.1 0.3 0.1 0.4 

Error AVCL = 400, 500 0.2 0.3 0.2 0.6 
% 

AVCL = 1000 0.3 0.5 0.5 1.0 

AVCL = 2000 1.0 2.0 1.5 3.0 

Gain Temperature AVCL = lk 7 7 ppmfC 

Coefficient 

Gain Nonlinearity 100 ~ AVCL ~ 2k 1 1 ppm 

VINCM Common·Mode Input ±10 ±12 ±10 ±12 

Voltage Range 

Va Output Voltage RL~10kn ±10 ±12 ±10 ±12 V 

Vs Supply Voltage Range ±5 ±18 ±5 ±18 

Guard Voltage Error -10V < VCM < +10V ±10 ±100 ±1O ±100 mV 
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DC Electrical Characteristics (Note 2) (Continued) 

LH0038 LH0038C 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

CMRR Common-Mode VIN ~ ±10V AVCL ~ 100 94 110 86 110 

Rejection Ratio AVCL = 1000 114 120 106 110 
dB 

PSRR Power Supply ±5V S AVS S ±15V AVCL ~ 100 94 110 94 110 

Rejection Ratio AVCL = 1000 110 120 100 110 

IOSC Output Short TA = 25°C ±2 ±5 ±10 ±2 ±5 ±10 

Circuit Current 
mA 

IS Supply Current TA = 25°C 1.6 2_0 1.6 3_0 

RIN DIFF I nput Resistance AVCL = 1000, T A = 25°C 5 5 Mn 

RIN CM Common-Mode 'Input 1 1 Gn 

Resistance 

ROUT Output Resistance 1 1 mn 

AC Electrical Characteristics Vs ~ ±15V, TA ~ 25~C 

PARAMETER COMMENT CONDITIONS TYP UNITS 

en Equivalent Input Noise Voltage Figure 1 RS=O,f=O.l to 10Hz 0.2 /JVp-p 

en Equivalent Input Spot Noise Figure 1 Rs= lOOn f = 10 Hz 6.5 

Voltage f=100Hz 6.0 
nV/VHz 

f = 1 kHz 6.0 

f= 10kHz 6.0 

BW Large Signal Bandwidth VOUT = ±lOV 1.6 kHz 

Sr Slew Rate VOUT = ±10V 0.3 VII's 

ts Settling Time to 0.01% Figure 13 20V Step 120 

-10V Step 80 /JS 

+10V Step 60 

tr Rise Time AVOUT ~ 100 mV AVCL = 100 6 

AVCL = 1000 13 
/JS 

in Equivalent Input Spot RS=100Mn f = 10 Hz 0.1 pA/VHz 
Noise Current 

Note 1: The inputs are protected by diodes for avervaltage protection. Excessive currents will flow for differential voltages in excess of ±1 V. 
Input current should be limited to less than 10 rnA. 

Nota 2: Unless otherwise noted these specifications apply for Vs = ±lS.0V, pin 15 connected to pin 1, pin 16 connected to ground, over the 
temperature range -55'C to +125'C for the LH0038 and -25'C to +85'C for LHOO38C. 

. 

I 
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Typical Performance Characteristics 

~ 
z 
C> 

>= 
:1: 
ill 
6 

'" ill 
~ 

m 
~ 
z 
~ 
~ 

~ 
C> 
w 
~ 
C> 
~ 

" 

225 

2.0 

1.15 

1.50 

1.25 

1.00 

0.75 

0.50 

025 

70 

60 

50 

40 

30 

20 

10 

Power Dissipation 

CAS~ 1 1 

~ 1 

I, 1 

AMBIENT I'\. °JC - 67'C/W 

1"""- )... 
1 ~" 
0JA· 100'CIW '" l, 
1 1 " 1 1 

25 50 75 100 125 150 

TEMPERATURE I'CI 

Closed .Loop Frequency 
Response 

l~~L !W 

1111111111 
~~~IL· 100 \ 

Vs= ±15V 
RL?10k 
TA ·25'C 

o 
100 lk 10k lOOk, 1M 

FREQUENCV (Hz) 

Input Noise Voltage 
(Includes Source Impedance) 

14 VS' ±i'5V 

~ 12 RS • 100 +ttfflM-ttltllHH-tHtHII :s 10 TA = 25°C 

w 

'" 
~ 
> 
w 
~ 

6 z 

~ 
:!! 

10 100 lk 

FREQUENCY 1Hz) 

Wide Band Noise 

10k lOOk 

Vs = ±15V, RS = ikf!, AV = 10k, OUT = lk 
Vertical sensitivity: 0.1 p.V/CM 
Horizontal sensitivity: 5 sec/eM 
Bandwidth: 0.1 Hz to 10 Hz 

~ ... 
ffi 
a: 

B 
~ 

" ;;; ... 
=> 
~ 

:!! 

;;; 
~ 
C> 

>= 
~ 
z 
C> 

~. 
~ 
C> 
:;; 
~ 

" g 

~ 
'" z 
~ 
5 

~ 

I nput Bias Current 
110 

100 

90 

Vs= ±15V 1 1 

~'C---80 

70 

60 

50 
TA' 25'C -,.. 

-..-, 
40 

30 

20 

TA • 125'C -f-
--"'""11 

-15 -10 -5 10 15 

140 

120 

100 

80 

60 

40 

20 

0 

15 

10 

o 

CQMMON·MOOE INPUT VOLTAGE (VI 

Common-Mode Rejection 

AVC L = lk, VIN " ±lDV 

10 100 lk 10k lOOk 

FREQUENCY IH,I 

Output Swing 

:-:-OOr- VS' ±!5V 

I' 
1\1 

.... il .... 
;;- ,. 

f--I- ~L- " 
I-""1- ~- ,r- ~ 

II 
o 

OUTPUT CURRENT (±mAI 

Pulse Response 

Vs = ±15V 
RL2: 10kf! 
AVCL = lk 

4-29 

;r 
.s ... 
ffi 

~ 
:r.! 
iD ... 
~ 
:!! 

; 
C> 

>= 
" a: 

~ 

~ 
~ 

~ 
~ 

~ 

;r 
.!l ... 

I 
~ 

~ 

I nput Bias Current 
120 

100 

rVCM·OV 

T~' -i5~ .,.,. 
80 

..... 
60 T~. 25)'-

40 
yo 

..". 

20 I-"" ~ -,..-
TAl· 12rC 

o 
o 10 15 

SUPPLY VOLTAGE I±vaci 

Power Supply Rejection 
140 

120 

100 

80 

60 

40 

20 

100 lk 10k 

FREQUENCY IH.I 

Supply Current 
1.8 

1.75 

1.50 

1.25 

1.0 

T)25,J 

TA!1251C ~ -
~:::::O::~_5;'C e; ..... 

0.75 

0.50 

0.25 

I 
I 

o 
o 10 15 

SUPPLY VOLTAGE I±VI 

Rise Time 

Vs = ±15V 
RL2: 10kf! 
AVCL = lk 

~ 

L 

" 
-

20 

tOOk 

b:::::= 
i"'" 

l-

20 

r
:::t: o o 
~ r
:::t: 
8 w 
CO 
(") 



Noise Test Circuit 

X lk X 10 . . 
15V 

RS 

RS COAX 
6 

TEKTRONIX 7623 

D 
7A22 

QUAN·TECH 
MODEL 2181 

FIGURE 1. 

Typical Application 

LHDD70 
lD.DOV REFERENCE 

2 

-15V 

>--"-0 "OUT 

--
FIGURE 2. X1000 Bridge Amplifier 
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Applications Information 

THEORY OF OPERATION 

The LH0038 is a 3·stage, true instrumentation amplifier 
composed -of a well matched transistor differential pair, 
Q1 and 02, a common-mode loop amplifier, A2 and A3, 
and a differential to single ended amplifier, A4. A simpli
fied schematic is shown in Figure 3. 

Current source, lA, establishes a voltage across R14 of 
approximately 2V, which results in a 2V drop across R8 
and R12. This constant voltage forces the first stage -

4·30 

current to be 20 IJ-A per side. The action of A2 and A3 
is such that 20 IJ-A is maintained constant despite the 
presence of common·mode signals. The differential out
puts of A2 and A3 are applied to differential amplifier, 
A4, which converts the signal to a single'ended output 
and provides a gain of 5. The total gain of the amplifier 
is, therefore, the fixed gain of 5 multiplied by the gain 
of the composite input stage. 



Applications Information (Continued) 

RS 
lOOk 

V-

RI4 
20k 

R17 
lOOk 

V2 

VI 
RS 

20k 

RI9 
20k 

R20 
lOOk 

>"'~:>eOUT 

FIGURE 3. LH0038 Simplified Schematic 

The closed loop gain of the composite amplifier may be 
better understood by referring to Figure 3. The Ql-A2 
loop may be viewed as differential amplifier with the 
inverting input at the base and non-inverting input at 
the emitter. Combinin"g small signal AC and large signal 
DC analysis = 

( R17 + RE~ (R17) vI =el --- -e2 -
RE RE 

(1) 

+ ECM - VBEI -1, R17 

By simi lar analysis: 

" (R16 + RE) (R16) v2=e2 -el -
RE RE 

(2) 
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For 1, == 12, R17 == R16, VBEI == VBE2, subtracting 
equation (1) from (2) results in: 

IR16 + RE) 
v2-vl = (e2-el) \--R-E-

IRI6) 
+(e2-el) \R"E 

v2-vl 2 R16 
- -- + 

e2 - el RE 

(3) 

(4) 
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Applications In~ormation (Continued) 

The differential.input voltage (v2 - vl) is amplified by 
the closed loop gai n of A4: 

All other closed loop gain configurations place a precision 
resistor in parallel,with RE(R9 + Rl0)J For example, for 
a gain of 200, pin 6 is connected to pin 10 and the gain 
is predicted by: eOUT = (AVCL4) (e2 - el) 

where: 

R20 
AVCL4=

R8 . 

= 5.00 

(5) 

(6) 

A = 5.00 [ . (2) (lOOk) , + 1] (8) 
VeL . (10.526k) II (10.000k) 

,= (5.00) (40) = 200 

CLOSED LOOP GAIN CONSIDERATIONS 
USING INTERNAL RESISTORS • 

As an example, with all gain pins open, RE= 10.526 k.l1 i 

and: 

'Table I summarizes the primary gain configurations 
available with the LH0038. Obviously, other gains are 
possible .. Using the internally supplied resistors has the 
advantage that R16, R17, and RE all track thermally, 
minimizing the device's gain error as' a function of 
temperature. 

(
(2) (lOOk) ) 

,AVCL = 5 + 1 
10.526k 

= 100.0 

X 1000 

15V 

(7) 
Gain adjustment by paralleling or series padding inter, 
nally supplied resistors is generally discouraged since 
external resistors will generally not thermally track. It 
is recommended' that the gain adjustment be done in a 
subsequent stage as. shown in Figure 4. , 

~:"-,,,,-oVOUT 

~ = 1 ±0.05% 
R2 

FIGURE 4. Recommended Gain Adjust Circuit 

TABLE I. LH0038 INTERNAL GAIN CONFIGURATIONS 

OVERALL FIRST STAGE 
PIN CONNECTIONS 

EFFECTIVE 
GAIN GAIN RE 

100 20 All Gain Pins Open 10.5260 k\1' 

200 40 Pin 6 to Pin 10 5.1281 k\1 

400 80 Pin 6 to Pin 9, Pin 10 to Pin 5 2.5316 k.l1 

500 100 Pin 6 to Pin 10, Pin 9 to Pin 5 2.0202 k.l1 

1000 200 Pin 7 to Pin 10 1.0050 k.l1 

2000 400 Pin 8 to Pin 10 . 0.5013 kD 
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Applications Information (Continued) 

GUARD DRIVE 

The LH0038 is provided with a guard drive output, 
which will always be at the input common-mode voltage. 
The guard drive amplifier is short-circuit proof and is 
capable of driving several thousand pF without danger 
of latch-up or oscillation. 

The guard drive tied to a shielded input cable will greatly 
reduce noise pick-up, and also improve AC CM R R by 
maintaining the shield at the common-mode voltage. 
Figure 5 illustrates the proper' use of the guard drive. 

SIGNAL 
SOURCE 

The guard drive output is also connected to the case to 
provide electrostatic shielding to the system. 

REMOTE OUTPUT SENSE 

The feedback network of the LH0038 may be closed 
directly at the load in order to eliminate errors due to 
lead resistance. Also, a unity gain buffer; e.g_ LH0002, 
may be included within the feedback loop to increase 
output current capability as shown in Figure 7. 

>~~OVour 

-15V 

FIGURE 5. Guard Drive Application 

15V 

t Your 

FIGURE 6. Remote Sense Connection 

15V 

Your 

lour210DmA 

FIGURE 7. Output Buffer Connection 
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Applications Information (Continued) 

OFFSET NULL 

Offset of the LH0038 is trimmed by the factory to a 
very low value. The offset may be further trimmed using 
a 10 kn, 10 turn, 100 ppmfC potentiometer as shown 
in Figure 8. However, a drift increase of 0.3 /J.V fc will 
be caused for each 100 /lV of offset adjusted. The 
recommended offset null is shown in Figure 4 and is 
accomplished in the following stage . 

BIAS CURRENT CONSIDERATIONS 

The LH0038 exhibits bias current of approximately 50 
nA per side, and requires a path to ground or supply. 
The practical limitation to the maximum resistance 
between the inputs and ground is dictated by negative 
common·mode range as shown in Figure 9. For example, 
for VCM = -10V, RCM ~ 20 Mn. 

15V 

-15V 

FIGURE 8. Offset Adjust Circuit 
(See also Figure 4) 

"tOnA 

LM134 
CURRENT 

SOURCE 

15V 

-ZOO"A 

The LH0038 input stage bias was optimized for minimum 
voltage noise so the input bias currents are higher than 
might otherwise be expected. Note, however, that the 
input currents are very well matched, resulting in an 
offset current value much lower than one might infer 
from the bias current. In order to take advantage of this 
low ·offset current, the source impedances at both 
inputs should be matched to minimize DC drift. Further, 
bias current is relatively constant with temperature (as 
opposed to an FET stage), so one can con'sider bias 
current compensation schemes such as shown in Figure 
10. The danger with such techniques is that the offset 
current and noise contributed by the bias current com
pensator will dominate the system noise. 

6.0k 

10k 

IBIAS 

15V 

15V 

where: 
VCMR = Common-Mode Range = ±12V 
VCM = Common·Mode Input Voltage 
IBI + IB2 = Bias Current = 100 nA 

FIGURE 9. Bias Current Return 

VOUT 

-15V 

FIGURE 10. Bias Current Compensation 
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Applications Information (Continued) 

SETTLING TIME 

The LH0038 has been purposely over-compensated, and 
is therefore remarkably free from any undesirable tran
sient response_ Small signal settling time is governed by 
gain-bandwidth product; large signal settling time is 
dominated by slew rate_ 

Figure 11 shows an input voltage step of +1 OV to -lOV 
applied, through a 1000 to 1 voltage divider, to the 
device configured for an inverting gain of 1000. The 
output of the device will therefore be equal to the 
negative of the input after the device is completely 
settled. By resistively subtracting the input before the 
divider from the device' output, a pseudo summing node 
is generated. The voltage at this pseudo summing junc
tion goes "off screen" on the photos, since in the first 
small time increment the input goes instantaneously to 
-10 mV and the output is still at +10V. About 130 ps 
after the input has gone negative, the output slews back 
in range and begins an exponential approach to the 
final value. Figure 12 is the same set-up for a -10V 
to +10V input pulse. Note that there is no overshoot 
in either case. The test circuit is shown in Figure 13. 

HIGH FREQUENCY CMRR 

The LH0038 resistor ratios are carefully trimmed for 
'optimum CMRR at DC through 60 Hz_ Inevitably, this 
rejection will degrade .at higher frequencies due to 2 
separate effects: stray capacitance mismatch and slew 
rate limiting in the input stage. In most discrete instru-

ts. AV = 100. VIN = -20V 

FIGURE 11. Settling Time 

10. 
0.1% 

lk 
lOT 

10k 
0.1% 

PSEUDO 
SUMMING 
JUNCTION 

OV 

mentation amplifier realizations, the stray capacitance 
mismatch dominates simply. because the stray capac
itances are relatively large (this can be trimmed out in a 
discrete amplifier). In a hybrid circuit such as the 
LH0038, stray capacitance is minimized, so the effects 
of mismatch are also minimized. 

The response to a pulse or noise spike applied as a 
common-mode signal may be dominated by the slew 
characteristics of the input stage. Whenever the common
mode input slew rate exceeds 0.2 V Ips, the 2 input 
amplifiers will apply identical ramp signals to the final 
stage and cause its output to go to near OV. Note that 
the amplifier is not really active under these conditions 
as normal mode signal variations will not be coupled to 
the output. Some time may be required for the amplifier 
to settle after a transient of this kind before the output 
can be considered represent live of the input. Slew rate 
limiting will not normally btl the limiting factor for sine 
wave common-mode signals as 0.2 V Ips corresponds to 
about 2 kHz (20 Vp-p). 

POWER SUPPLY DECOUPLING 

Although the LH0038 exhibits in excess of 120 dB 
PSR R at DC, the figure degrades to 100 dB at 120 Hz. 
It is recommended that both V+ and V- leads be by
passed with 1 pF electrolytic in shunt with 0.01 pF 
ceramic disc no further than 1 inch from the device. 

ts. AV = 100, VIN = 20V 

FIGURE 12_ Settling Time 

10 

g 

JUNCTION 

PSEUOO 
L-----_I-~)_ SUMMING JUNCTION '" " !:; 

- vO"O 
=TO 10V 

Jo-:j;:: 
. TO 10V 

INPUT 
2oVp·p 

OUTPUT 

-15V 

FIGURE 13. Settling Time Test Circuit 
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Definition of Terms 

Bandwidth: That frequency at which the voltage gain is 
reduced to 3 dB below the low frequency val ue. 

Common-Mode Rejection Ratio, CMRR: The ratio of 
the input common-mode voltage range to the peak-to· 
peak change in input offset voltage over this range. 

Input Offset Voltage, VIOS: The voltage which must be 
applied to the inputs to force the outputs of the input 
stage to OV. VIOS can be calculated by measuring VOS 
at closed loop gains C!f 100 and 2000 and using the 
following equation: 

(VOS) 2k - (VOS) 100 
VIOS: 1900 

Where: 

(VOS)2k : overall offset voltage for AVCL : 2k. 

(VOS)100 : overall offset voltage for AVCL : 100. 

Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end points expressed as 
a percent of full-scale (10V for operations on ±15V 
supply). Note that this is a more stringent specification 
than deviation from the best straight line and is double 
the number that would be specified if the percentage 
were based on a 20V (±10V) range. 

Guard Voltage Error: The voltage difference between 
the guard drive output and the average of the 2 input 
voltages. 

Input Bias Current, IB: The average of the 2 input 
currents. 

Input Common-Mode Voltage Range, VINCM: The range 
of voltages qn the input terminals for which the ampli· 
fier is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Offset Current, lOS: The difference in the currents 
into the 2 input terminals when the output is at zero. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Overall Offset Voltage, Vas: The output voltage when 
both' inputs are connected to OV. VOS is composed of 
input amplifier offset voltage effects, VIOS, and oUtput 
amplifier effects, VOOS. It is given by: 

VOS: (AvcLl (VIOS) - VOOS 

Where: 

AVCL: closed loop gain: 100 to 2k 

VIOS: input stage offset voltage 

VOOS : output stage offset voltage 

4-36 

Output Offset Volt~ge, VOOS: The output voltage when 
the outputs of the input stage are forced to OV. VOOS 
may be calcul~ted by measuring VOS 'at closed loop gains 
of 100 and 2000 and using the follOWing equation: 

Voos = (20) (VOS) 100 - (VOS) 2k 

19 

Where: 

(VOS) 100 : overall offset voltage for AVCL : 100 

(VOS) 2k = overall offset voltage for AVCL 

Output Voltage, Va: The peak output voltage swing, 
referred to zero. 

Offset Voltage Temperature Drift, AVIOs/AT: The 
average drift rate of offset voltage for a thermal variation 
from room temperature to the indica~ed temperature 
extreme. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
change in input offset voltage to the change in power 
supply voltages producing it. 

Settling Times, ts: The time between the initiation of the 
input step function and the time when the output voltage 
has settled to within a specified error band of the final 
output voltage. 

Slew Rate, Sr: The internally-limited rate of change in 
output voltage with a large-amplitude step function ap
plied to the input. 

Supply Current, ±Is: The current required from the 
power supply to operate the amplifier with no load and 
the output midway between the supplies. 

Supply Voltage Range: The range of voltages on the 
supply terminals for which the device is operational. 
Note that the specifications are not guaranteed over the 
full supply voltage range unless specifically stated. 

Transient Response,' tr: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from DC 
to ,the frequency where the amplifier open loop gain 
rolls off to 1. 

Closed Loop Gain, AVCL: The ratio of output voltage to 
input voltage under the stated conditions of source 
resistance (RS) and load resistance (RL). 

Voltage Gain Error: The deviation in percent between 
the ideal voltage gain and the value obtained when the 
device is configured for that gain. 
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LH0084/LH0084C Digitally-Programmable-Gain 
Instrumentation Amplifier 

General Description 
The LH0084/LH0084C is a self-contained, high speed, high 
accuracy, digitally-programmable-gain instrumentation 
amplifier. It consists of paired FET·input variable-gain 
voltage-follower input stages followed by a differential·to
single-ended output stage. The input stage is program
mable in accurate gain steps of1, 2, 5, or10 controlled by the 
logic levels of a 2-bitTTL·compatible digital input word. For 
additional flexibility, the output stage is pin'strappable to 
fixed gains of 1, 4, or 10 for an overall gain range of 1 to 100. 

Applications include increased dynamic range A-to-O con
verters, test systems, and post multiplexer amplifier for 
data acquisition systems. 

The device exhibits high input impedance, low offset 
voltage, high CMRR and PSRR, high speed, and excellent 
gain accuracy and gain non-linearity. 

Simplified Schematic 

R6 RI4 

The LH0084 is guaranteed from - 55·C to + 125·C. The 
LH0084C is guaranteed from - 25·C to + 85 ·C. Both 
devices are provided in a hermetically sealed 16-lead dual
in-line metal package. 

Features 
• Excellent gain accuracy 

and low gain non· linearity 

• Extremely low gain drift 

• High input impedance 
• High CMRR and PSRR 
• TTL compatible digital inputs 
• High speed, settling to 0.1 % 

Connection Diagram 

0.05% max 
0.01% typ 

1 ppm/·Ctyp 
10 ppm/·C max 

10"Otyp 
70dBmin 

4p.smax 

Dual-ln·Llne Packag"e 
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Absolute Maximum Ratings " 

Supply Voltage (Note 1) ±18Y Oulpul Shari Circuit Duration Continuous 
Analog Input'Yollage (Note 2) ±15Y Operallng Temperature Range 
Differential Input Yoltage (Note 2) ±30Y LHOO84 -55'Cto +125'C 

plgllallnput Yoltage -4Y, +18Y LH00!I4C -25'Cto +85'C 

Power Olsslpellon (See Curve) 2.5W Storage Temperature -55'Cto + 150'C 
Lead Temperature (Soldering, 20 seconds) +300'C 

DC EI8ctrlcal Characteristics Vs= ±15V, RL=10 kll,TMINSTASTMAX unless noted 

Parameter Conditions 
LHOO84 LHOO84C Units 

Min Typ Max Min Typ Max 

VIOS Input Offset Voltage Tj=25DC 0.3 5 0.3 10 
mV 

7 13 

IlVIOS/IlT Input Offset Voltage Rs=1001l 10 10 /LV/DC 
Change with 
Temperature VCM=O 

'Voos Output Offset Voltage (Note 3) Tj =25°C 0.6 5 0.6 10 
mV 

7 13 

IlVoos/IlT Output Offset Voltage 20 20 /LV/oC 
Change with 
Temperature 

Ie Input Bias Current Ti =25°C 150 500 150 500 pA 
(Note 4) 500 100 nA 

los Input Offset Current TI =25°C 50 200 50 200 pA 
200 50 nA 

RIN Input Resistance Differential 1011 1011 
Il 

Common·Mode 1011 1011 

VIN Input Voltage Range ±10 ±10 V 

Ay Voltage Gain See Table I 1 1 
2 2 
5 5 
10 10 V/V 
20 20 
50 50 
100 100 

Gain Error Av=l, 2, 5 0.01 0.05 0.02 0.1 

" Ay =010, 20, 50, 100 TA=,25DC 0.02 0.1 0.03 0.2 
Ay =l, 2, 5 0.02 0.2 0.02 0.2 

% 
Ay -l0, 20, 50, 100 0.03 0.3, 0.03 0.3 

Gain Nonlinearity TA=25DC 0.002 0.002 
0.005 0.005 

IlAy/IlT Gain Temperature 1 10 1 10 ppm/DC 

Coefficient 

CMRR Common·Mode VIN = ±10V Ay =l 70 80 70 80 
Rejection Ratio Ay =10 76 94 76 94 

Ay =100 80 94 80 94 , 
dB 

PSRR Power Supply ±8VsVs s ±18V Ay =l 70 84 70 84 
Rejection Ratio ~v-l0 76 92 76 92 

Ay =100 80 104 80 104 

Vo Output Voltage Swing RL2:10 kll ±10 ±12 ±10 ±12 V 

Ic Output Short·Circuit TA=25DC ±5 ±18 *40 ±5 ±18 ±40 
mA 

Current ±2 ±40 ±2 ±40 
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DC Electrical Characteristics (Continued) Vs = ± 15V, RL = 10 kn, T MIN STAST MAX unless noted 

Parameter Conditions 
LHOO84 LHOO84C 

Units 
Min Typ Max Min Typ Max 

Ro Output Resistance 0.05 0.05 n 
VIL Digital "0" 0.7 0.7 

Input Voltage 
V 

VIH Digital "1" 2.0 2.0 
Input Voltage 

IlL Digital "0" VIN =0.4V 1.5 40 1.5 40 
Input Current 

JlA 
IIH Digital "1" VIN=2.4V 0.01 0.01 

Input Current 

Vs Supply Voltage ±8 ±18 ±8 ±18 V 
Range 

Is(+) Positive Supply 12 18 12 26 
Current 

Vs:s±18V mA 
Is(-) Negative Supply 8 12 8 14 

Current 

Po Power Dissipation Vs=±15V 315 450 315 600 mW 

AC Electrical Characteristics Vs= ±15V,TA=25"C, RL=10 kn 

Parameter Conditions Min Typ Max Units 

BW Bandwidth (Figure 1) Small Signal, Av=1 3250 
-3 dB Av=10 . 500 

Av=100 350 
kHz 

Small Signal, Av=1 300 
-1% Av=10 75 

Av=100 55 

PBW Power Bandwidt!1 200 

SR Slew Rate 
Vo= ± 10V 

10 13 VlJls 

ts Settling Time (Figure 2) e.vo= ±20V Av=1 2.3 3.0 
±0.1% - Av=10 2.7. 3:5 

Av=100 3.1 4.0 Jls 

Gain Switching Time 3.5 

EN Equivalent Input BW=0.1 Hz-10 Hz 7 JlVp-p 
Noise Voltage(Figure 3) BW = 10 Hz-10 kHz 1.4 JlVrms 

IN Equivalent Input 
Av=100 

pArms BW=10 Hz-10 kHz 30 
Noise Current (Figure 3) 

Note1: Improper supply power~on sequence may damage the device. See Power Supply Connection section under Applications Information. 

Note 2: For supply voltages less than ± 15V the maximum input voltage Is equal to the supply voltage. 
Note 3: These-parameters are 'specified at junction temperature, T J. In normal operation the junction temperature rises above the ambient temperature, TA, 
as a result of Internal power dissipation, PD. TJ =TA +8JAPO where 8jA Is the thermal resistance from junction to a'!'bient 
No~e 4: The Input bias currents are junction leakage currents which IlIPproxlmately double for every 10 "C increase in the junction temperature. 
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Typical Performance Characteristics 
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AC Test Circuits 

FIGURE 1. Frequency Response Measurement Circuit· 

OSCILLOSCOPE 
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OR EnUIV 

FIGURE 2. Settling Time Measurement Circuit 
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FILTER 

FIGURE 3. Noise Measurement Circuit 

Wldeband Noise 

RS = 5011 Bandwidth 0.1 Hz to 10 Hz 
1ILVIDIvision Vertical 5 Seconds/Division Horizontal 

4·41 

Settling Time 

AV = 10 Input Stage 

OSCILLOSCOPE 

TEK 7613 
OR EnUIV 

FILTER UNIT 

nUAN·TECH 
Z181 



~ 
:::r: 
..J 

~ 
:::r: 
..J 

Applications Information 
THEORY OF OPERATION 

The LHOO84 Is a digitally-programmable-gain true
Instrumentatior. amplifier composed of a variable-gain 
voltage-follower Input stage (A1 and A2~ followed by a 
differential output stage (A3~ The schematic Is shown in 
Figure 4. 

The Input stage contains matched high-speed FET-input 
op amps (A1 and A2). A high-stability temperature
compensated resistor network (R1 through R7) controls 
feedback ratios at the Inverting Inputs of op amps Al and 
A2 via FET switches SlA-S4A and SlB-S4B. Since the FET 
switches are In series with the op amp Input Impedance 
their resistance match and temperature drift do not 
degrade the gain accuracy of the' instrumentation 
amplifier. The FET switches are controlled through a 
l-of-4 decoder and switch driver, by the logic levels ap
plied at the digital Input terminals 01 and DO and set the 
gain of the Input stage as shown in Table I. 

Schematic Diagram 

A4 r---:--
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.... 
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I-
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_oJ I L ___ _ __ J 

VIOS V- VIDS 
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If, for example, 01 Is High (2!2.0V) and DO Is Low (sO.7V), 
FET switch pair S3A and S3B will be closed (and all re
maining switches open~ The Input stage gain, Av(I), can 
then be shown to be: 

V2-V1 
Av<,)-----

VIN(+)-VIN(-) 

R4+R5+R6+R7 
=.1 +-"------

Rl +A2+ A3 

Sk+6k+ 10k+ 10k 
=1+------

4k+2k+2k 

=5 

VI 

R8 RI 

10k 10k 
R14 
BOk 

R4 
III< R12 

RID 30k 
10k 

'R2 
2k 

Rl 
4k 

R3 
2k 

R5 Rl1 
Bk 10k 

R13 

R7 30k 

10k 

R9 R16 
10k &Ok 

V2 

(1) 

8 
Xl0 

7 
X4 VDUT 

(SENSEI 

6 
XI 

13 
Gl 

12 
G4 SIGNAL 

GND 

11 
Gl0 

FIGURE 4 
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Applications Information (Continued) 

TABLE I. GAIN TRUTH TABLE AND CONNECTION TABLE 

1st Stage 2nd Stage Overall Digital Inputs 
Gain Pin Connections Gain Gain 

01 DO Av(l) 

0 0 1 
0 1 2 
1 0 5 
1 1 10 

0 0 1 
0 1 2 
1 0 5 
1 1 10 

0 0 1 
0 1 2 
1 0 5 
1 1 10 

The output stage, consisting of op amp A3 and resistors 
R8 through· R15, converts the voltage difference at the 
output of the Input stage, V2 minus Vl, to a single·ended 
output. For increased flexibility of the LH0084, the output 
stage gain is pin-strappable by selecting Rl0, Rl0 + R12, 
or Rl0 + R12 + R14 as feedback resistor for A3. The ratios 
of these resistors to the differential stage input resistor 
R3 are kept very accurate to maintain the excellent 
overall gain accuracy of the device. The output stage 
gain, AV(2)' is equal to the feedback resistance divided by 
the Input resistance. Thus with, for example, Pin 7 wired 
to Pin 10, that gain would be: 

VOUT 
AV(2)=--

V2-Vl 

Rl0+ R12 

R8 

10k.j.30k 

10k 

=4 

(2) 

To preserve the high common-mode rejection ratio of the 
output stage, the ground sense resistor, Rll, Rll + R13 or 
Rl1 + R13 + R15, must match the feedback resistor used. 

The overall gain of the LH0084 is therefore: 

VOUT 

V2-Vl V OUT (3) 

The different gains available are in the range of 1 through 
100 and are summarized in Table I. 

Av(2) Av 
1 

6·10, 13·GND 1 2 
5 
10 

4 

7-10, 12·GND 4 8 
20 
40 

10 

8·10, 11·GND 10 20 
50 
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POWER SUPPLY CONNECTIONS 
Proper power supply connections are shown In Figure 5. 
T.he power supplies should be bypassed to ground as 
close as possible to device supply pins. For optimum 
high speed performance V+ and V- should be decou
pled with a 0.D1 "F ceramic disc in parallel with 'a 1 "F 
electrolytic capacitor. 

The two ground pins, analog and digital grounds, should 
be connected together as close to the device as possible, 
preferably with a ground plane underneath the device. If 
this is not possible, the grounds should be connected 
together locally with back-to·back diodes and hard-wired 
together off· board. If a ground reference offset Is used, it 
must be low 'impedance compared to the ground sense 
resistance to avoid CMRR degradation. 

Care must be taken In the supply power-on sequence. 
The LHOO84 may suffer Irreversible damage if the V + 
supply is applied prior to the powering on of the V
supply. In most applications using dual tracking supplies 
and with the device supply pins adequately bypassed, 
this will not present a problem. If this cannot be 
guaranteed, a germanium or Schottky protection diode 
should be connected between the digital ground pin and 
the V - pin as shown in Figure 5. 

15V 

D.DlpF 

-15V -=-
FIGURE 5. Power Supply Connections 
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Applications Infonnation (Continued) 

SIGNAL CONNECTIONS 

The Input slgnais should be .. connected as shown In 
Figure 6. To. minimize errors, Rs( +), Rs( -) and RCM 
should be kept as small as possible. 

The output connections are also shown In Figure 6. The 
feedback leads should be kept short as should the 
ground sense In order .to minimize lead resistance and 
parasitic capacitance . 

OFFSET AND GAIN ADJUSTMENTS 

Special care must be taken when using external offset 
adjustment. Since the LH0084 is a 2-stage amplifier with 
each stage contributing offset errors, and the amplifier 
presumably Is used at several different gains, it is Impor
tant to realize that the offsets of both the 1st and the 2nd 
stages must be nulled to maintain zero offset referred to 
output (RTO) at all gain settings. 

In general, it Is recommended that the Input stage offset 
(Vlosl be adjusted with a potentiometer as shown in 
Figure 7. The output stage offset (Voos) Is ideally ad
justed at a subsequent gain stage (i.e. sample-and-hold 
or A-to-D converter1 but if this is impractical, it. may also 
be done as shown In Figure 7. 

Recommended offset adjUst" procedure is as follows: In
itially set both pots to center positions and short both in
puts of the LHOO84 to ground. 

a) Set the input stage gain to 1 (pull 01 and 00 low). 
Measure the output voltage, Voun 

b) Set the input stage gain to 10 (pull 01 and 00 high). 
Measure the new output voltage, VOUT2-

c) Calculate the portion of VOUT2 contributed by the out
put stage offset per the equation: 

1 
Voos =- (10,VOUT1- VOUT:!! 

9 
(4) 

d) While maintaining an input stage gain of 10, adjust the 
Input offset voltage (Vlosl potentiometer until the out
put voltage is equal to the voltage calculated in Equa
tion (4). 

e) Change the Input back to a gain of 1 and adjust the 
output offset voltage (Voosl potentiometer unti I the 
output voltage is iero. 

VOUT 

FIGURE 6_ Signal Connections 

01 00 15V 

-15V 

FIGURE 7_ Offset Adjust Circuit 
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Applications Information (Continued) 

An alternate offset adjust scheme is shown in Figure 8. 
The offset should be rezeroed after each time the gain is 
changed or when the op amp integrator drift warrants a 
new zero pulse. An additional advantage of this adjust· 
ment technique is that it can also be used to cancel out 
offset voltage drift and common·mode voltage error con· 
tributions. 

External gain adjustment Is generally discouraged since 
gain accuracy can be optimized for one gain setting only. 
if gain adjustment is 'required, however, it should be done 
at a subsequent gain stage. ' 

LOGIC CONNECTIONS 

The digital Inputs 01 and DO are referenced to the digital 
ground. The device interfaces directly to TIL and, with 
pull·down resistors, to CMOS. 

Interfacing with microprocessors will usually require a 
latch. A circuit using full 6-bit wide address decode and 
write strobe is shown in Figure 9. 

REMOTE OUTPUT SENSE 

The feedback resistors of the LH0084 can be connected 
directly at the load in order to eliminate errors due to lead 
resistance (Figure 10). 

112 LF11333 

r- NC-' 
r-__ +_...L .... ..:'.:c' ~VOUT 

MICROPROCESSOR 

VCM -=-
.1 
r~.J L_, 
I~~~_~I 
L t.:±.i.=f J 

6 I 
7 I __ .J 

R 
10k 

• Polystyrene, Teflon or 
, Polypropylene Dielectric 

-l LJOOJ.lsMIN -
I' (DEPENDS ON VALUES OF R AND C) 

5V-..., 

OV ---I L--
ZERO PULSE 

FIGURE 8. Auto Zero Circuit 

VOUT 

L--""'::':=:::::"'---4 

GND FORCE 

1/4DM54LSlZ 

~OUT ! lOUT 

IIOUTI"S rnA 

ADDRESS SELECT 

FIGURE 9. Typical Microprocessor Interface FIGURE 10. Remote Sense Connection 
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Applications Information (Continued) 

Also, a unity gain buifer, ,such as the LH0033, may be 
included in the feedback loop for Increased current drive 
capability as shown in Figure 11. ' . 

GND FDRCE 

IIOUTI<;90 mA 

FIGURE 11. Buffered Output Connection 

The output sense feature can also be used in other ways 
such'as output offset, Figure 12, or current source output, 
Figure 13. 

VCM"':'" 

-J. 
VOUT=AV,VIN + VREF 

IVOUTI<;10V 

+ 
RL VOUT 

FIGU,RE 12. Output Offset Connection 

AV·VIN 
10UT=--

RSET 
, IIOUTI<;S mA 

ilounRL + RSETlI<;10V 

FIGURE 13. Output Current Source Connection 

Applications 
The LH0084 Is ideal for application In increased dynamic 
range A·to-D converters, test systems, process control, 
and multi·channel data acquisition systems. Figure 14 
shows the device used In a typical data acquisition 
system. • , 

A software offset and gain error correction scheme is 
shown In Figure 15. By first selecting a multiplexer input 

LOWLEIiEL{ ANALOG 
INPUT 

PREAMP 

HIGH AND { 
MEDIUM 

LEVEL 
ANALDG 

INPUT 

MUX 

connected to analog ground, and then selecting a 
channel connected to a reference of known value, the 
overall system gain and offset errors can be calculated. 
For all subsequent readihgs, offset and gain corrections 
can be made mathematically by solving a simple first· 
order'equation in ~oftware. 

PROG. GAIN 
INST.AMP 

ADDRESS BUS 

StH AlO 

AOC1210 

MICRD· 
PROCESSOR 

FIGURE 14. Typical Data Acquisition System 
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Applications (Continued) 

MUX AID MICRO· 
PROCESSOR 

FIGURE 15. Software System Offset and Gain Calibration Circuit 

Definition of Terms 
Input Offset Voltage, VIOS: The voltage which must be 
applied to the inputs to force the output of the input 
stage to OV. VIOS can be calculated by measuring Vos 
(RTO) at input stage gains of 1 and 10 and using the 
following equation: 

where: 

Vos I AV=10= Overall offset (RTO) for Av= 10 

Vos I AV = 1 = Overall offset (RTO) for Av = 1 

Input Offset Current, 105: The difference in the currents 
into the 2 analog input terminals at OV. 

Input Bias Current, ,B: The average of the currents into 
the 2 analog input terminals' at OV, 

Input Resistance, RIN: Common·mode input resistance is 
the change in input voltage range divided by the change 
in input bias current with both analog inputs at the same. 
voltage. Differential input resistance 'Is the change in in· 
put voltage at one input terminal divided by the change in 
input current at the other input terminal which is kept still 
atOV. 

Input Voltage Range, VIN: The voltage range for which the 
device is operational. 

Common-Mode Rejection Ratio, CMRR: The ratio of the 
input common-mode voltage range to the change in input 
offset voltage over this range. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
specified change in supply voltage to the change in input 
offset voltage over this range. 

Voltage Gain, ~: The ratio of output voltage change to 
the Input voltage change producing It. 

Gain Error: The deviation 'in percent between the ideal 
'voltage gain and the value obtained when the device is 
configured for that gain. 
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Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end-points expressed as 
a percent of full-scale (10V for operation with ± 15V sup
ply). For testing purposes it is the difference between 
positive swing gain (OV to 10V) and average gain (-10V to 
10V) or between negative swing gain (OV to -10V) and 
average gain. 

Output Stage Offset Voltage, Voos: The voltage which 
must be applied to the input of the output stage for the 
output to be forced to OV. Voos can be calculated by 
measuring Vos (RTO) at input stage gains of 1 and 10 and 
applying the following equation: 

where: 

Vos I AV = 1 = Overall offset (RTO) for Av = 1 

Vos I AV = 10 = Overall offset (RTO) for Av = 10 

Offset Voltage (Referred to Output), V05(RTO): The output 
voltage when both inputs are connected to OV. Vos is 
composed of input offset voltage, VIOS, and output offset 
voltage, Voos, and is a function of amplifier gain. The 
overall offset voltage is given by: 

VOS(RTO) = AV(2)(AV(1) V 105 + VooS> 

where: 

VIOS = Input offset voltage 

Voos = Output stage offset voltage 

AV(1) = Input stage gain 

AV(2) = Output stage gain 



Definition of Terms (Continued) 

Output Voltage Swing, Yo: The peak output voltage swing 
referenced to ground into specified load. 

Output Short·Clrcult Current, 10: The current supplied by 
the device with the output connected directly to ground. 

Output Resistance, ro: The ratio of change in output 
voltage to change in output current around zero output. 

Supply Voltage Range, Vs: The supply voltage range for 
which the device is operational. 

Supply Current, Is: The current required from the supply 
to operate the device with zero load and with the analog 
as well as the digital inputs at OV. 

Power Dissipation, Po: The p~wer dissipated In the 
device with zero load and with the analog as well as the 
digital inputs at OV. 
Digital "1" Input Voltage, VIH: Minimum voltage required 
at the digital input to guarantee a high logic state. 

Digital "0" Input Voltage, VIL: Maximum voltage required , 
at the digital input to guarantee a low logic state. 

Digital "1" Input Current, IIH: The current into a digital in
put at specified logic level. 

Digital "0" Input Current,' IlL: The current into a digital, in
put at specified logic level. 

Average Input Offset Voltage Drift, flVlos/flT: The ratio of 
input offset voltage change from 25 DC to either 
temperature extreme divided by the temperature range. 

Average Output Offset Voltage Drift, flVooslflT: The ratio 
of output offset voltage change from 25 DC to either 
temperature extreme divided by the temperature range. 

Average Gain Temperature Coefficient, flAv/flT: The ratio 
of change in gain from 25 DG to either temperature 
extreme divided by the temperature range. 

Small Signal Bandwidth, BW: The frequen.cy at which the 
device gain changes from the low frequency gain by a 
specified amount. 

Power Bandwidth, PBW: Maximum frequency for which 
the output swing Is a large signal sinewave without 
noticeable distortion. 

Slew Rate, SR: The internally limited rate of change in 
output voltage with a large amplitude step function ap
plied at the input. 

Settling Time, ts: The time between the initiation of an in
put step function and the time when the output voltage 
has settled to within a specified error band of the final 
output voltage. 

Gain Switching Time: The time between the initiation of a 
gain logic change and the time when the final gain 
switches are closed. It includes overdrive recovery time, 
but not settling to final varue. 

Equivalent Input Noise Voltage, EN: The rms or peak, 
noise voltage referred to the input (RTI) over a specified 
frequency band. 

Equivalent Input Noise Current, IN: The rms or peak noise 
current referred to the input (RTi) over a specified fre
quency band. . 
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Device Temperature 
Range· 

DTL/TTL 
Fanout 

Supply 
Voltage 

Tvo 
(VI 

InputBiR 
Current 
(25"CJ 
M" 
IJ.lAI 

fnputOffse:t 
Current 
(25°CI .... 

"'AI 

InputOfftet 
Voltage 
(25°CI 
M" 
(mVI 

Response 
Timet 
TvO 
In51 

Voltage 
Gam 
TVO 

Package Type 

LM106 MIlItary 10 VT~ 12 20 40max 40k TO·S 

LM206 Industrial 10 V-=-3 20 40 max 40k TO·5 

LM306 CommercIal 10 To-12 25 40max 40k TO·5 

lFl11 Mllitarv 36 0.05 0.000025 200 200k TO-5 

LF211 Industrial 36 005 0000025 200 200k TO·5 

LF311 CommercLal 36 0.15 0.000075 10 200 200k TO·5 

LM111 Milnary .US 0.1 0.04 0.7 200 200k TO·5 DIP 

LH2111 Dual {Note 11 Mlluary ±15 0.1 0.04 0.7 200 200k TO·5 DIP F P. 

LM211 Industrial To 5 0.1 0.94 0.7 200 200k To·S DIP 

LH2211 Dual (Note 11 Industnal To 5 01 0.04 0.7 200 200k TO·S DIP F.P. 

LM311 Commercial And GND 0.25 006 200 200k TO·S DIP 

LH231TDual(Note 1) CommercLal And GND 0.25 006 200 200k TO 5 DIP F.P. 

LM119 MIlitary 2 lEach Sidel !15 0.5 0.075 ao 40k TO·SDIP 

LM219 Industrial 2 (Each Side) To 5 0.5 0.075 80 40k TO·S DIP 

LM319 CommerCIal 2 (Each Sidel And GND 0.2 80 40k TO·S DIP 

LM139 Quad MIlItary il 01 0.025 1.3J.1s 200k DIP 

LM239 Quad Industrial ! To ~181 0.25 0.050 1.3ps 200k DIP 

LM339 Qu~d CommerCIa! Or From 025 0050 1.3J.1s 200k DIP 

LM139AOuad M,litary 0.1 0.025 1.3J.1s 200k DIP 

LM239A Quad Industnal To 36 0.25 0.050 1.3ps 200k DIP 

LM339A Quad CommerCIal And GND 0.25 0.050 1.3J.1s 200k DIP 

LMl60 M,htary .t4.5 10 16 3k TO 5 DIP 

LM26D Industrial To 10 16 3k TO·5 Dip 

LM360 CommercLal ±6.5 15 16 3k TO·5 DIP 

LM1611LM529~ Mlhtary !5 10 12 3k TO·5 DIP 

LM261 Industrial To 115 10 12 3k TO·5 DIP 

LM361 (LM529C) Commercial And 5 15 4· 12 3k TO·5 DIP 

LM193 MIlitary :!:"1 0.1 0 025 1.3J.1s 200k TO·5 

LM293 Industrial ! To +18 1 0.25 0,050 I 3ps 200k TO·5 

LM393 CommercIal Or From 0.25 0050 1 3J.1s 200k TO 5. DIP 

LM193A Mllitarv 0.1 0.025 T3J.1s lOOk TO·5 

LM293A Industrial To 36 0.25 0.050 1.3;n 200k TO·5 

LM393A Commercial And Goo 0.25 O.osa 1.3J.1$ lOOk TO·5, DIP 

LM71D MilItary V'" = 12 20 40 1750 TO·5 

LM710C CommerCIal V-=-6 2S 40 1500 TO·5D1P 

LM711 Dual Mllitarv .,,;+ .. 12 75 10 3.5 ,40 1500 TO·5 

LM711C Dual Commercial V- = -6 100 15 40 1500 TO·5 DIP 

LM1514 Dual Military V+ - 14 20 30 1250 DIP 

LM14t4Duai Commercial 'V=-7 25 30 1000 DIP 

LM2901 Quad Industrial ±1 (2VI to 0-25 0.05 1.3 200k DIP 

LM2903 Automotive 

t18136) 

1112V) to 

±IS (361 

0.25 0.050 

Note 1: Dual version of device. tResponse time is specified for 100 mV step input with 5 mV overdrive. 

,1.3p.s 

"Military: -55°C to +125°C; Industrial: -25°C to +85°C; Commerciel: OoC to +70°C; Automotive: -40°C to +85°C 

200k DIP 

_Comments 

SllIg!e comparator wIth $Irobe. hIgh speed 
andSlInsll!vLly, large larlOul 

FET fronl·end mputs 

Smgle, wIth n!olJe, WIll work frum smgle 
supplv, low ULijSCUrrent 

HIgh speed dual comparator 

O.Jild compilrator deSIgned lor sIngle 
5UPIJly operation, mput common mode 
rMge mcludes ground 

Low offset voltage Quad comparator 
'IIlth DTllTTL logIC levels 

Very high speed. outputs compallble 
WIth DTL/TTL logIC !evels 

Very high speed, With indiVidual stralJes, 
OTL/TTL compatLble 

Dual comparator deSIgned for smgle Supply 
operatIon; mput common·mode range 
Includes ground 

Low offset voltage dual comparator WIth 
DTLfTTL logic levels 

Slngle,dlfferentlal In,singleoutput 

Dual differential. common output, 
indivIdual strobes 

Dual LM710 With leparale suobes, 
md,vldualoutputs 

QUiLd comparator designed for lingle supply 
operation; Input common·mode range includes 
ground 

Dual comparator designed far Single 5upplv 
operatIon; input common·mode range 
includesgraund 

ap!"D JOl8J8dWOO a68110/\ 



In 

E 
{!!. 
-0 
c 
o "--"2 
;: 

! 

~National . 
~ Semiconductor 

Definition of Terms 
Input Bias Current: The average of the two input 
currents. 

Input Offset Current: The absorute value of the differ· 
ence between the two input currents for which the 
output will be driven higher than or lower than specified 
voltages. 

Input Offset Voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified voltages. 

Input Voltage Range: The range of voltage on the 
input terminals (common·mode) over which the offset 
specifications apply. 

Logic Threshold Voltage: The voltage at the output 
of the comparator at which the loading logic pircuitry 
changes its digital state. 

Negative Output Level: The negative dc output voltage 
with the comparator saturated by a differential input 
equal to or greater than a:specified voltage. 

Output Leakage Current: The current into the output 
. terminal with the output voltage within a given range 
_ and the input drive equal to or greater than a given value. 

Output Resistance: The resistance seen looking into the 
. output terminal with the dc output level at the logic 
threshold voltage. 

Output Sink Current:. The maximum negative current 
that can be delivered by the comparator. 

Positive Output Level: The high output voltage level 
with a given load and the input drive equal to or greater 
than a specified value. 

Power Consumption: The power required to operate 
the comparator with no output load. The power will 
vary with signal level, but is specified as a maximum 
for the entire range of input signal conditions .. 

5·4 

Voltage Comparators 

Response Time: Th~ interval between the application of 
an input step function and the time when the output 
crosses the logic threshold voltage. The input step drives 
the comparator from some initial, saturated input 
voltage to an input level just barely in excess of that 
required to bring the output from saturation to the 
logic threshold voltage. This excess is referred to as the 
voltage overdrive. 

Saturation Voltage: The low·output voltage level with 
the input drive equal to or greater than a specified value. 

Strobe Current: The current out of the strobe terminal 
when it is at the zero logic level. 

Strobed Output Level: The dc output voltage, inde· 
pendent of input conditions, with the voltage on the 
strobe terminal equal to or less than the specified 
low state. 

Strobe "ON" Voltage: The maximum voltage on either 
strobe terminal required to force the output to the 
specified high state independent of the input voltage. 

Strobe "OFF" Voltage: The minimum voltage on the 
strobe term inal that will guarantee that it does not 
interfere with the operation of the comparator. 

Strobe Release Time: The time required for the output 
to rise to the logic threshold voltage after the strobe 
terminal has been driven from zero to the one logic 
level. 

Supply Current: The current required from the positive 
or negative supply to operate the comparator with no 
output load. The power will vary with input voltage, but 
is specified as a maximum for the entire range of input 
voltage conditions. 

Voltage Gain: The ratio of the change in output voltage 
to the change in voltage between the input terminals 
producing it. 



~National Voltage Comparators 
~ Semiconductor 
LF111/LF211/LF311 Voltage Comparators 
General Description 
The LFlll, LF211 and LF311 are FET input voltage 
comparators that virtually eliminate input current errors. 
Designed to operate over a 5.0V to ±15V range the 
LF111 can be used in the most critical applications. 

Further, the LF111 can be used in place of the LMlll 
eliminating errors due to input currents. See the "appli· 
cation hints" of the LM311 for applicatiori help. 

Advantages The extremely low input currents of the LFll1 allows 
the use of a simple comparator in applications usually 
requiring input current buffering. Leakage testing, long 
time delay circuits, charge measurements, and high 
source impedance voltage comparisons are easily done. 

• Eliminates input current errors 
• Interchangeable with LM111 
• No need for input current buffering 

Connection Diagram 
Metal Can Package 

v' 

V' 

TOPV.EW 

OrderNumberLF111H.LF211H, 
or LF311H 

See NS Package HOBe 

Schematic Diagram and Auxiliary Circuits 
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Absolute Maximum. Ratings 
LFll1/LF211 LF311 

Total Supply Voltage (VS4 ) 36V 36V 
Output to Negative Supply Voltage (V74 ) 50V 40V 
Ground to Negative Supply Voltage (V 14) 30V 30V 
Differential Input Voltage ·±30V ±30V 
Input Voltage (Note 1) ±15V ±15V 
Power Dissipation (Note 2) 500mW 500mW 
Output Short Circuit Duration 10 seconds 10 seconds 
Operating Temperature Range 

LFll1 -55°C to +125°C 
LF211 -25°Cto +85°C 
LF311 O°C to +70°C 

Storage Temperature Range -55°C to +150°C -55°C to +15boc 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (LF 111/LF211) .!Note 3) 

PARAMETER 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input 8ias Current 

Voltage Gain 

Response Time (Note 5) 

Saturation Voltage 

Strobe On Current 

Output Leakage Current 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Input Voltage Range 

Saturation Voltage 

, Output Leakage Current 

Positive Supply Current 

Negative Supply Current 

CONDITIONS 

T~ '" 25°C, Rs 

T A = 25°C, VCM = 0 (Note 6) 

T A = 25°C, VCM '" 0 (Note 6) 

TA = 25°C 

TA = 25°C 

V 1N ::; -5.0 mV, lOUT'" 50 mA, T A'" 25°C 

T A'" 25°C 

V 1N ~ 5.0 mV, VOUT = 35V, T A '" 25°C 

Vs = ±15V, VCM = 0 (Note 6) 

Vs = ±15V, VCM = 0 (Note 6) 

V+~4.5V, V-=O 
V1N ::;-5.0 mV,IslNK ::; 8.0 mA 

V 1N ~ 5.0 mV, VOUT = 35V 

TA = 25°C 

TA = 25°C 

300°C 

MIN 

40 

-13.5 

, 

TYP 

0.7 

.5.0 

20 

200 

200 

0.75 

3.0 

0.2 

2.0 

5.0 

±14 

0.23 

0.1 

5.1 

4.1 

MAX 

4.0 

25 

50 

1.5 

10 

6.0 

3.0 

7.0 

13.0 

0.4 

0.5 

6.0 

5.0 

,. 

UNITS 

mV 

pA 

pA 

V/mV 

ns 

V 

mA 

nA 

mV 

nA 

nA 

V 

V 

/lA 

mA 

mA 

Note 1: This rating applies for ±15V supplies. The positi·ve input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. . 
Not;2: The maximum iunction temperature of the LFlll is +150°C, the LF211 is +110°C and the LF311 is +S5°C. For operating at elevated 
temperatures, devices in the TO·5 package must be derated based on a thermal resistance of +150°C/W.junction to ambient, or +45°CIW. junction 
to case. 
Not. 3: These specifications apply for Vs ;. ±15V, and the Ground pin at ground, and -55"C $ TA $ +125°C for the LF111, unless otherwise 
stated. With the LF211, however, all temperature specifications are limited to -25°C $ TA $ +s5"c and for the LF311 DoC $ TA $ +7o"C'.!The 
offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5.0V supply up to ±15V supplies, 
Net. 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 
1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
Note 6: The response time specified lsee definitions) is for a 100 mV input step with '5.0 mV overdrive. 
Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase-see typical performance curves, 
Not. 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mAo 
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Electrical Characteristics (LF311) (Note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage (Note 4) T A = 25° C, Rs ~ 50k 2.0 10 mV 

I nput Offset Current (Note 4) TA = 25°C, VCM = 0 (Note 6) 5.0 75 pA 

Input Bias Current TA = 25°C, VCM = 0 (Note 6) 25 150 pA 

Voltage Gain T A = 25°C 200 V/mV 

Response Time (Note 5) T A =25°C 200 ns 

Saturation Voltage V'N ~ -10 mV, lOUT = 50 mA, T A = 25°C '0.75 1.5 V 

Strobe On Current TA = 25°C 3.0 mA 

Output Leakage Current V'N 2: 10 mV. VOUT = 35V, TA = 25°C 0.2 10 nA 

Input Offset Voltage (Note 4) Rs ~ 50k 15 mV 

Input Offset Current (Note 4) Vs = ±15V, VCM = 0 (Note 6) 1.0 nA 

Input Bias Current Vs = ±15V, VCM = 0 (Note 6) 3.0 nA 

lriput Voltage Range +14 V 
-13.5 V 

Saturation Voltage v+ 2: 4.5V. V- = 0 

V'N ~ -10 mV, IS'NK ~ B.O mA 0.23 0.4 V 

Positive Supply Current TA = 25°C 5.1 7.5 mA 

Negative Supply Current T A =25°C 4.1 5.0 mA 

Note 1: This rating applies far ±15V supplies. The positive Input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply. whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150°C, the LF211 is +110°C and the LF311 is +8SD C. For operating at elevated 
temperatures, devices in the TO-S package mu~t be derated based on a thermal resistance of +150°C/W, junction to ambient, or +45°C/W, junction 
to case. 
Note 3: These specifications apply for Vs = ±15V and -55'C :0 T A:O +125'C for the LFl 1 1. unless otherwise stated. With the LF21 1, however. 
all temperature specifications are limited to -25'-'C ~ TA ::s +85"C and for the LF311 a"c ~ T A ~ +70"C. The offset voltage, offset current and bias 
current specifications apply for any supply voltage from a single 5.0 mV supply up to ! 15v supplies. 
Note 4: The offset voltages and offset currents gjven are the maximum values required to drive the output within a volt of either supply with a 
1.0 mA load. Thus. these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
Nota 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 
Nota 6: For input voltages 'greater than 15V above the negative supply the bias and offset currents will Increase-see typical performance curves. 

Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 rnA. 
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Typical Applications (Continued) 
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~National 
~ SemicOnductor 

Voltage Comparators 

LH2111/LH2211/LH2311 Dual Voltage Comparator 
General Description 
The LH2111 series of dual voltage comparators are 
two LM 111 type comparators in a single hermetic 
package. Featuring all the same performance char· 
acteristics of the single, these duals offer in addi· 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information see the LM111 data 
sheet and National's Linear Application Handbook. 

Th~ LH2111 is specified for operation over the 
_55°C to +125°e military temperature range. The 
LH2211 is specified for operation over the _25°C 
to +85°e temperature range. The LH2311 is speci· 

lied for operation over the oOe to 70°C tempera· 
ture range. 

Features 
• Wide operating supply range 

• Low input currents 

• High sensitivity 

• Wide differential input range 

• High output drive 

±15V to a 
single +5V 

6nA 

lOJlV 

±30V 

SOmA,50V 

Connection Diagram Auxiliary Circuits 
" 

" " 
,. 

Order Number LH2lllD or 
LH22llD or LH23llD offset Balanci ng 

See Package D16C 
LH2lllF or LH22llF or LH23llF, 

See Package F16B 
LH2lllJ or LH22llJ or LH23llJ, 

See Package J16A 

-lnCfllSll tVplC11 common mode 
slew from 1.0V/,.alo I BV//J5. 

" 

Increasing Input Stage Current* Driving Ground-Referred Load 

" IN'lIOl 

" 2,.1140 

-TYPical Input Clluent IS 
50 pAwllh Inputs strobed ofl 

Comparator and Solenoid Driver Strobing off Both Input" 
and Output Stages 
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Absolute Maximum Ratings 
Total Supply Voltage IV· - V-I 
Output to Negative Supply Voltage (VOUT - V-) 
Ground to Negative Supply Voltage (GND - V-) 
Differential Input Voltage 
Input Voltage INote 1) 
Power Dissipation (Note 2) 

36V 
SOV 
30V 

±30V 
±15V 

500mW 

Output Short Circuit Duration 
Operating Temperature Range LH2111 

LH2211 
LH2311 

Storage Temperature Range 
Lead Temperature (Soldenhg, '10 sec) 

Electrical Characteristics Each Side (Note 3) 

PARAMETER 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Voltage Gain 

Response Time (Note 5) 

Saturation Voltage 

Strobe On Current 

Output Leakage Current 

Input Offset Voltage (Note 4) 

Input Offset Current (N0tt: 41 

Input Bias Current 

Input Voltage Range 

Saturation Voltage 

Positive Supply Current 

Negative Supply Current 

CONDITIONS 

T A = 25°C. As';;; 50k 

TA = 2SoC 

TA = 25°C 

TA = 2S"C 

TA ;::: 25°C 

VIN ~ -5 mV.IOUT;::: 50 mA 
TA ;::: 2SoC 

TA ;::: 25°C 

VIN ~ 5 mY, VOUT = 35V 
TA ;::: 25°C 

As';;; 50k 

V· ~4.SV. V-= 0 
VIN~-5mV, ISINK~8mA 

TA = 2SoC 

TA = 25°C 

LH2111 

3.0 

10 

100 

200 

200 

1.5 

3.0 

10 

4.0 

20 

150 

:t14 

0.4 

6.0 

5.0 

LIMITS 

LH2211 LH2311 

3.0 7.5 

10 50 

100 250 

200. 200 

200 200 

1.5 1.5 

3.0 3.0 

10 50 

4.0 10 

20 I 70 

150 300 

±14 :t14 

0.4 0.4 

6.0 7.5 

5.0 5.0 

10 sec 
-SSQC to 12SoC 

-2S"C to BSoC 
O°C to 700 e 

-6SoC to 150°C 
300°C 

UNITS 

mVMax 

nAMax 

nAMax 

V/mV Typ 

nsTyp 

VMax 

mATvp 

nAMax 

mVMax 

nAMax 

nAMax 

VTyp 

VMax 

mAMax 

mAMax 

Note 1: This rating applies for'±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positIve supply. whichever is less. 
Note 2: The maximum junction temperature is 150°C. For operating at elevated temperatures, deVices in the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16·inch·thick ep6xy glass board with O.03·inch· 
wide, 2 ounce copper conductor. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vs = ± 15V and -5S"C $. T A ~ 12SoC for the LH2"'. -2SoC $. T A ~ 85°C for the 
LH22". and O°C ~ T A ,;;; 70°C for the LH23". unless otherwise stated. The offset voltage. offset current and bias current 
specifications apply for any supply. voltage from a single SV supply up to ±15V supplies. For the LH23". VIN=±10mV. 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 rnA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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~National Voltage Comparators 
~ Semiconductor 
LM106/LM206/LM306 Voltage Comparator 
General Description 
The LM106 series are high-speed voltage com
parators designed to accurately detect low-level 
analog signals and drive a digital load_ They are 
equivalent to an LM710, combined with a two 
input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated 
circuits directly. Furthermore, their outputs can 
switch voltages up to 24 V at currents as high as 
100mA. 

Features 
• Imp roved accu racy 
• Fan-out of 10 with DTL or TTL 
• Added logic or strobe capability 
• Useful as a relay or lamp driver. 
• Plug-in replacement for the LM710 
• 40 ns maximum response time 

The devices have short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts to the positive 
supply. The speed is equivalent to that of an 
LM710. However, they.are even faster where buf
fers and additional logic circuitry can be eliminated 
by the increased flexibility of the LM 1 06 series. 
They can also be operated from any negative 
supply voltage between -3V and -12V with little 
effect on performance. 

The LM 1 06 is specified for operation over the 
--5SoC to +12SoC military temperature range. The 
LM206 is specified for operation over the -2SoC 
to +8SoC temperature range. The LM306 is speci
fied for operation over O°C to + 70°C temperature 
range. 

Schematic and Connection Diagrams * * 
STROBE . 

,---.. ---..--...... --\--+-...... --!.. " 

...... --+--+-.--+----r:., 
.. n. 

" ." 

t--1----"10UTPUT 

Typical Applications ** 

Level Detector and Lamp Driver 

" 

Relay Driver 

" ... 
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Metal Can 
TO' VIEW 

v' 

.-
Note: Pm4 connected to uS!. 

Order Number LM106H, LM206H or LM306H 
See NS Package HOSC 

Fast Response Peak Detector 

" 0' 1K 
fO&&&& \ 

Adjustable Threshold Line Raceiver 

STROlE 

OUTPUT 
fO .... ID 

IN'UTS 

·Optional!olresponsetimlcontrDl. 



Absolute Maximum Ratings i 

Positive SupplV Voltage ISV Power Dissipation (Note 1) 600mW 

Negative Supply Voltage -ISV Output Short Circuit Duration 10 seconds 

Output Voltage 24V Operating Temperature Range TMIN TMAX 

Output to Negative Supply Voltage 30V LM106 -SSoC to +12SoC 
LM206 -2SoC to +BSoC 

Differential Input Voltage ;SV 
LM306 oOe to +70°C 

Input Voltage t7V Storage Temperature Range -65°C to +160°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 2) 
I 

lMl06/lM206 LM306 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (Note 31 0.5 2.0 1.6 5.0 mV 

Input Offset Current INote 31 0.7 3.0 1.8 5.0 p.A 

Input Bias Current 10 20 16 2S p.A 

Response Time RL = 390n t05V 28 40 28 40 ns 

CL = 15 pF,lNote 41 

Saturation Voltage VIN $ -S.mV, lOUT = 100 mA 1.0 1.5 V 

.VIN $-7 mV,lOUT = 100 mA 0.8 2.0 V 

Output Leakage Current VIN;:: 5 mV, BV $ VOUT $ 24V 0.02 1.0 p.A 

VIN;:: 7 mV, 8V $ VOUT:::; 24V 0.02 2.0 p.A 

The following specifications apply for TMIN $ TA $ TMAX (Note S) 

Input Offset Voltage (Note 3) 3.0 6.S mV 

Average Temperature Coefficient of 3.0 10 S 20 INloC 

Input Offset Voltage 

Input Offset Current TL :::; T A $ 2SoC, INote 3) 1.8 7.0 2.4 7.S p.A 

25°C:::; TA $ TH 0.25 3.0 S.O p.A 

Average Temperature CoeffiCIent of 2Soe:::; TA:::; TH S.O 25 1S 50 nAte 

Input Offset Current TL:::; TA:::; 2SoC 15 75 24 100 nA/oe 

Input BIas Current TL $TA $ 25°C 4S 25 40 p.A 

25°C:::; TA:::; TH 20 25 p.A 

Input Voltage Range -7V<,:V 
-

;::-12V ±5.b ;S.O V 

Differential Input Voltage Range ;S.O ±S.O V 

Saturation Voltage VIN5-S mV,lOUT = 50 mA 1.0 1.0 V 

VIN $-8 mV For LM306 

Saturation Voltage VIN:::; -5 mV, lOUT = 16 mA 0.4 0.4 V 

VIN :::; -8 mV For LM306 

Positive Output level VIN <': 5 mV, lOUT = -400p.A 2.5 S.5 2.S S.5 V 

VIN <': 8 mV For LM306 I 
Output Leakage Current VIN <': S mV, 8V:::; VOUT:::; 24V 1.0 2.0 ~A 

VIN <': 8 mV For LM306 

TL :::;TA:::; 2SOC 

2SoC<TA:::;TH 100 100 p.A 

Strobe Current VSTROBE = 0.4V -1.7 -3.2 -1.7 -3.2 mA 

_ Strobe "ON" Voltage 0.9 1.4 0.9 1.4 V 

Strobe "OF F" Voltage ISINK $16 mA· 1.4 2.2 1.4 2.2 V 

,Positive Supply Current VIN=-5mV 5.5 10 5.S 10 mA 

VIN = -8 mV For LM306 

Negative Supply Current -1.5 -3.6 -1.S -3.6 mA 

Note 1: The maximum junction temperature of LM106 is 150° C, LM206 is 110° C, LM306 is 85° C. For operating at elevated temperatures, 
devices in the TO-S package must be derated based on a thermal resistance of 150°C/W,junction to ambient, or 45°e/W, junctio~ to case, 

Note 2: These specifications applv for -3V <': V- 2! -12V, V+ = 12V and TA = 25°C unless otherwise specified, All currents into device pins are 
considered positivEt'"o 
Note 3: The offset voltages and offset currents given are the maximum values required to drive the output down to O,5V or up to 4.4V (O,5V or 
up to 4,BV for the LM306). Thus, the .. parameters actually define an error band and take into account the worst-case effects of voltage gain, 
specified supply voltage variations l and common mode voltage variations. 
Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Nota 5: All currents into device pins are considered positive. 
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Typical Performance Characteristics 
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~ National _ Voltage Comparators 
~ Semiconductor 
LM111/LM211 Voltage Comparator t 
General Description 
The LMlll and LM211 are voltage comparators' 
that have input currents nearly a thousand times 
lower than devices like the LM 1 06 or LM 710. 
They are also designed to operate over a wider 
range of supply voltages: from, standard ±ISV op 
amp supplies down to the single SV supply used 
for IC logic. Their output is compatible with RTL, 
DTL and TTL as well as MOS circuits. Further, 
they can drive lamps or relays, switching voltages 
up to SOV at currents as high as SO mAo Out· 
standing characteristics include: 

• Operates from single SV Supply 

,. Input current: lS0 nA max. over temperature 

• Offset current: 20 nA max. over temperature 

tSee application hi~ts LM311 

Aultiliary Circuits * * 

v' 

• Differential input voltage range: ±30V 

• Power consumption: 13S mW at ±lSV 

Both the inputs and the outputs of the LM 111 or 
the LM211 can be isolated from system ground, 
and the output can drive loads referred to grou.nd, 
the positive supply or the negative supply. Offset 
balancing and strobe capability are provided and 
outputs can be wire OR' ed. Although slower than 
the LM106 and LM710 (200 ns response time vs 
40 ns) the devices are also much less prone to 
spurious osCillations. The LM 111 has the same pin 
configuration as the LM 1 06 and LM710. 

The LM211 is identical to the LMll1, except that 
its performance is specified over a -25°C to 85°C 
temperature range instead of -SSoC to 12SoC. 

**Note: Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 

TTL 
STROBE 

" 
*Increasestypicalcommon 
mod.slevvfrom1.DVlIl' 
to l8V/IJL 

Offset Balancing Strobing Increasing Input Stage Current· 

Typical Applications * * 
,.-----.. ----4.- V+"5DV ., 
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TTL 
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*Altlorbs IDductive kickback 
ofrelavandprot • .:1sICfrom 
severtVOltlgatnnsientson 
V++line. 

., 
1.Ok 

Note. Do Not Ground Strobe Pin. 

TTL 
STROBE 

Relay Driver with Strobe'" 
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Absolute Maximum Ratings 

Total Supply Voltage (VS4 ) 

Output to Negative Supply Voltage (V 74) 

Ground to Negative Supply Voltage (V 14) 

Differential I nput Voltage 
Input Voltage (Note 1) 
Power Dissipation (Note 2) 
Output Short Circuit Duration 
Operating Temperature Range LMlll 

LM211 
Storage Temperature Range 
Lead Temperature (soldering, 10 sec) 
Voltage at Strobe Pin 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 

Input Offset Voltage (Note 4) T A = 25°C, Rs ~ 50k 

Input Offset Current (Note 4) TA = 25°C 

Input 8ias Current TA = 25°C 

Voltage Gain TA = 25°C 

Response Time (Note 5) TA = 25°C 

36V 
50V 
30V 

±30V 
±15V 

500mW 
10 sec 

-55°C to 125°C 
-25°C to 85°C 

_65°C to 150°C 
300°C 

V+-5V 

MIN 

40 

Saturation Voltage V1N ~ -5 mV, lOUT = 50 mA 

TA = 25°C 

Strobe ON Current (Note 6) T A = 25°C 

Output Leakage Current V1N ~ 5 mV, VOUT = 35V 

T A = 25°C, ISTROBE = 3 mA 

Input Offset Voltage (Note 4i Rs ~ 50k 

Input Offset Current (Note 4) I 

Input Bias Current 

Input Voltage Range V+ = 15V, V- = -15V, Pin 7 -14.5 

Pull-Up May Go To 5V 

Saturation Voltage V+~4.5V, v-=o 
V1N ~ -6 mV, ISINK ~ 8 mA 

Output Leakage Current V1N ~ 5 mV, VOUT = 35V 

Positive Supply Current TA = 25°C 

Negative Supply Current T A = 25°C 

TVP MAX UNITS 

0.7 3.0 mV 

4.0 10 nA 

60 100 nA 

200 V/mV 

200 ns 

0.75 1.5 V 

3.0 mA 

0.2 10 nA 

4.0 mV 

20 nA 

150 nA 

13.8,':"14.7 13.0 V 

0.23 0.4 V 

I 

0.1 0.5 JlA 

5.1 6.0 mA 

4.1 5.0 mA 

Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply. whichever is less. 
Note 2: The maximum junction temperature of the LMlll is 150·C, while that of the LM211 is 110·C. For operating at ele
vated temperatures, devices in the TO~5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, 
or 4SoC/W, junction to case. The thermal resistance of the dual-in-line package is 1 OO°C/W, junction to ambient. 

Note 3: These specifications apply for Vs = ±15V and Ground pin at ground, and -55°C ~ TA ~ +125°C, unless othel'1(Vise 
. stated. With the LM211, however, all temperature specifications are limited to -25°C ~ T A ~ +85·C. The offset voltage, offset 

current and bias current specifications apply for any supply voltage from a single 5V supply up to .t15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either 
supply with almA load. Thus, these parameters define an error band and take into account the worst-case effects of voltage gain 
and input impedance. . 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
Note 6: Do not short the strobe pin to ground; it should be current driven at 3 to 5 rnA. , 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Schematic Diagram 
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Voltage Comparators 

LM119/LM219/LM319 High Speed Dual Comparator 
General Description 
The LM119 series are precision high speed dual ' 
comparators fabricated on a single monolithic 
chip. They are designed to operate over a wide 
range of supply voltages down to a single 5V logic 
supply and ground. Further, they have higher 
gain and lower input currents than devices like 
the LM710. The uncommitted collector of the 
output stage makes the LM 119 compatible with 
RTL, DTL and TTL as well as capable of driving 
lamps and relays at currents up to 25 mAo Out· 
standing features include: 

Features 
• Two independent comparators 
• Operates from a single 5V supply 
• Typically 80 ns response time at ±15V 
• Minimum fan·out of 2 each side 

• Maximum input current of 1 jJA over tempera· 
, ture 

., I nputs and outputs can be isolated from system 
ground' 

• High common mode slew rate 

Although designed primarily for applications reo 
quiring operation from digital logic supplies, the 
LM119 series are fully specified for power supplies 
up to ± 15V. It features faster response than the 
LMlll at the expense of higher power dissipation. 
However, the high speed, wide operating voltage 
range and low package count make the LM 119 
much more versatile than older devices like the 
LM711. 

The LM119 is specified from -55°C to +125°C, 
the LM219 is specified from -25° C to +85° C, and 
the LM319is specified from O°C to +70°C. 

Schematic and Connection Diagrams 
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Absolute Maximum Ratings LM119/LM219 

Total Supply.Voltage 
Output to Negative Supply Voltage 
Ground to Negative Supply Voltage 
Ground to Positive Supply Voltage 
Differential I nput Voltage 
Input Voltage (Note 1) 

36V' 
36V 
2SV 
lBV 
±SV 

±lSV 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 

Input Offset Voltage (Note 4) T A = 2S·C, Rs ~ Sk 

Input Offset Current fNote 4} TA = 2S·C 

Input Bias Current TA = 2S·C 

Voltage Gain TA = 2S·C 

Response Time (Note 5) TA = 2S·C Vs = ±lSV 

Saturation Voltage V ,N ~ -S mV, lOUT = 2S rnA 
TA = 2S·C 

Output Leakage Current V ,N ~ S mV, VOUT = 3SV 
TA = 2S·C 

Input Offset Voltage INote 4) Rs~Sk 

Input Offset Current (Note 4) 

Input ~ias Current 

Inp~t Voltage Range Vs =±15V 
V'=SV,V-=O 

Saturation Voltage V· ~ 4.SV, V' = 0 

Power Dissipation (Note 2) 
Output Short Circuit Duration 
Operating Temperature Range LM 119 

LM219 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

MIN TYP 

0.'7 

30 

lS0 

10 40 

80 

O,7S 

0.2 

-12 ±13 
1 

V ,N ~ -6 rnV, ISINK ~ 3.2 mA 
TA ~ O·C 0.23 
TA ~ O·C 

Output Leakage Current V ,N ~ S rnV, VOUT = 3SV, 1 
VGND = OV 

Differential Input Voltage 

Positive Supply Current T A = 2S·C, V' = SV, V- = a 4.3 

Positive Supply Current TA = 2S·C Vs = ±lSV 8 

Negative Supply Current T A = 2S·C Vs = ±15V 3 

MAX 

4.0 

7S 

SOO 

1.S 

2 

7 

.wO 

1000 

+12 

3 

0.4 
0.6 

10 

±S 

11.5 

4.5 

Note 1: For supply voltages less than ±15V the absolute maximum input 'voltage is equal to the supply voltage. 

500mW 
10 sec 

-SS·C to 12S·C 
_25°C to 8SoC 

-6SoC to 150°C 
300·C 

UNITS 

mV 

nA 

nA 

V/mV 

ns 

V 

p.A 

mV 

nA 

nA 

V 
V 

V 
V 

p.A 

V 

rnA 

rnA 

rnA 

Not. 2: The maximum junction temperature of the LM119 is lS0·C, while that of the LM219 is 110·C. For operating at 
elevated temperatures, devices in the TO·S package must be derated based on a thermal resistance of 150°CIW, junction to 
ambient, or 4SoC/W, junction to case. The thermal resistance of the dual-in-line package is 100°CIW, junction to ambient. 

Note 3: These specifications apply for Vs = ±15V, and the Ground pin'at ground. and -5SoC:s;, T A'::; +12SoC, unless other
wise stated. With the LM219. however. all temperature specifications are limited to -2SoC S; T A:::; +8SoC. The offset voltage, 
offset current and bias current specifications apply for any supply voltage from a single SV supply up to ±lSV supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of ei
ther supply with almA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. . 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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Absolute Maximum Ratings LM319 
. Total Supply Voltage 

Output to Negative Supply Voltage 
Ground to Negative Supply Voltage 
Ground to Positive Supply Voltage 
Differential Input Voltage 
Input Voltage INote 1) 

36V 
3aV 
25V 
18V 
±5V 

±15V 

Power Dissipation (Note 21 
Output Short Circuit DuratIOn 
Operating Temperature Range LM319 
Storage Temperature Range 
lead Temperature (Soldering, 10 sec) 

Electrical Characteristics (Note 3) 

PARAMETER 

Input Offset Voltage INote 41 

Input Offset Current INote 41 

Input Bi~s Current 

Voltage Gain 

~esponse Time (Note 5) 

Saturation Voltage 

Output Leakage Current 

Input Offset Voltage INote 41 

Input Offset Current INote 41 

Input Bias Current 

Input Voltage Range 

Saturation Voltage 

Differential Input Voltage 

Positive Supply Current 

Positive Supply Current· 

Negative Supply Current 

CONDITIONS 

T A = 2Soc, Rs ~ Sk 

TA = 2SoC 

TA = 2SoC 

TA = 2SoC 

TA= 2SoC Vs =±lSV 

VIN ~ -10 mY, IO~T = 2S mA 
TA = 2SoC 

V 1N ~ 10 mV, VOUT = 35V. 

V- = VGNO = av. TA = 2SOC 

Rs~Sk 

Vs = ±ISV 
V· = SV, V-= 0 

V+~4.SV, V-=O 

VIN ~ -10 mY, ISINK ~ 3.2 mA 

T A = 2Soc, V' = SV, V- = 0 

TA= 2SoC Vs =±ISV 

TA -= 2S"C Vs = ±15V 

MIN TYP 

8 

2.0 

80 

2S0 

40 

80 

0.7S 

0.2 

±13 

0.3 

4,3 ' 

8 

3 

500mW 
10 sec 

O"C to 70°C 
-6S"C to 150"C 

300°C' 

MAX UNITS 

8.0 mV 

200· nA 

1000 nA 

1.S 

10 

10 

300 

1200 

3 

0.4 

±5 

12.S 

S 

.V/mV 

ns 

V 

p.A 

mV 

nA 

nA 

V 
V 

V , 

V 

mA 

mA 

mA 

Note 1: For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 
Note 2: The maximum junction temperature of the LM319 is 8SoC. For operating at elevated temperatures, devices in the 
TO-S package must be derated based on a thermal resistance of lS0°C/W, junction to ambient, or 4SoC/W. junction to case. 
The thermal resistance of the dual-in-line package is 100°CIW. junction to ambient. 

Note 3: These specifications ~pply for Vs = ±15V and oDe ~ T A ~ 70o e, unless otherwise stated. The offset voltage, offset 
current and bias current specifications apply for any supply voltage from a single 5V supply up to ±lSV supplies .. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 rnA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 
Note 5: The response time specified is for a 100 rnV input step with 5 mV overdrive. 
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Typical Performance Characteristics LMl19/LM219 
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Typical Performance Characteristics LM319 
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~National 
~ Semiconductor 

Voltage Comparators 

LM139/239/339, LM139AJ'239A1339A, LM2901,LM3302 
Low Power Low Offset Voltage Quad Comparators 
General Description 
The LM139 series consists of four independent 
precision voltaqe comparators with an offset volt· 
age specification as low as 2 m V max for all four 
comparators. These were designed specifically to 
operate from a single power supply over a wide 
range of voltages. Operation from split power 
supplies is also possible and the. low power supply 
current drain is independent of the magnitude of, 
the power supply voltage. These comparators also 
have a unique characteristic In that the input 
common·mode voltage range includes ground, 
even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and 
time delay generators; wide range VCO; MOS clock 
timers; multivibrators and high voltage digital logic 
ga'tes. The LM 139 series was designed to directly 
interface with TTL and CMOS. When operated 
from both plus and minus power supplies, they 
will'directly interface with MOS logic- where the 
low power drain of the LM339 is a distinct advan· 
tage over standard comparators. 

Advantages 
• High precision comparators 

• Reduced Vas drift over temperature 

Schematic and Connection Diagrams 
v' 

OUTPUT 

Typical Applications (V+ = 5.0 VDel 

"S.DVoc 

V' 

·V. 
vo 

tV"fF 

Basic Comparator Driving CMOS 

5·27 

• Eliminates need for dual supplies 

• Allows sensing near gnd 
• Compatible with all forms of logic 

• Power drain suitable for battery operatIon 

Features 
• Wide single supply voltage range or dual sup· 

plies 
LM 139 series, 
LM139A series, LM2901 

2 VOC to 36 VOC or 
±1 VOC to ±18 VOC 

2 VDC to 28 VOC 
or ±1 VOC to ±14 VOC 

LM3302 

• Very low supply current drain (0.8 mAl -
independent of supply voltage (2 mW/compara· 
tor at +5 V Del 

• Low input biasing current 

• Low input offset current 
and offset voltage 

25 nA 

±5 nA 
±3 mV 

• Input common·mode voltage range includes gnd 

• Oifferential input voltage range equal to the 
power supply voltage 

• Low output 
saturation voltage 

250 mV at 4 mA 

• Output voltage compatible with TTL, OTL, 
ECL, MOS and CMOS logic systems 

Dual-In-Line and Flat Package 
OUTPUll OUTPUT4 GNP INPUT 4' tHPun· 

DUTl'UT2 ourpUTI '11" INPUT I, INPU11' INPU12· INPU12-

TOP\lI[W 

Order NUmber LM139J, LM139AJ, 
LM239J, LM239AJ, LM339J, 

LM339AJ, LM2901J or LM3302J 
See NS Package J14A 

Order Number LM339N, LM339AN. 
LM2901 N or LM3302N 
See NS Package N14A 

Driving TTL 
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Absolute Maximum Ratings 
LM139/LM239/LM339 

LM139A1LM239A1LM339A LM3302 
LM2901 

Supply Voltage, V+ 36 VOC or ±18 VOC 28 VOC or ±14 Voe 
Differential Input Voltage 36VOC 28VOC 
Input Voltage -0.3 VOC to +36 VOC -0.3 VOC to +28 VOC 
Power Dissipation (Note 1) -Molded OIP 570 mW 570 mW 

Cavity OIP 900 mW 
Flat Pack 800 mW 

Output Short·Circuit to GNO, (Note 2) c"ontinuous Continuous 
Input Current (VIN < -0.3 VOC), (Note 3) 50mA 50mA 
Operating Temperature Range 

LM339A O°C to +70°C -40°C to +8SoC 
LM239A -25°C to +85°C 
LM2901 -40° C to +85° C 
LM139A -55°C to +125°C 

Storage Temperature Range -6SoC to+150°C -65°C to +150°C 
lead Temperature {Soldering, 10 seconds} 3000 e 300°C 

Electrical Characteristics (v+ = 5 Voc , Note 4) 

LM139A LM239A, LM339A 
PARAMETER CONOITIONS 

MIN TYP MAX MIN TYP MAX 

Input Offset \toltage T A = 25°C, (Note 91 ±1.0 ±2.0 ±1.0 ±2.0 

Input Bias Current IIN(+I or IIN(-) with Output in 25 100 25 250 

Linear Range, T A = 2SoC. (Note 51 

Input Offset Current IIN(+I-IIN(-I, TA=25°C ±3.0- ±25 ±S.O ±50 

Input Common·Mode Voltage T A = 25° C, (Note 61 0 V+-1.5 0 V+-1.5 

Range 

Supply Current RL =: 00 on all Comparators, TA = 2SoC 0.8 2.0 0.8 2.0 

RL =00, v+ =30V.-TA = 25°C 

Voltage Gain RL;:: 15 krl, v+ = 15 Vec (To 50 200 50 200 

Support Large Va Swing), TA-= 2SQC 

Large Signal Response Time VIN = TTL Logic Swing, VREF = 300 300 

1.4 VOC, VRL = 5 VOC, RL = 5.1 krl, 

TA = 25°C 

Response Time 'VRL = 5 VOC, RL =5.1 krl, 1.3 1.3 

T A = 25°C, INote 7) 

Output Sink Current VIN(-I;:: 1 Vec, VIN(+I = 0, 6.0 16 6.0 16 

VO"'; 1.5 VDC, TA = 25°C 

Saturation Voltage VIN(-I;:: 1 VDC, VIN(+I = 0, 250 400 250 400 

ISINK"'; 4 mA, TA = 25°C 

Output Leakage Current VIN(+I;:: 1 Vec, VIN(-I = 0, 0.1 0.1 

Vo = 5 Voc, TA =25°C 

----

LM139/LM239/LM339, 
LM139AJLM239AJLM339A, LM2901, LM3302 

. 

-~ 

LM139 LM239, LM339 LM2901 LM3302 
UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

±2.0 ±5.0 ±2.0 ±5.0 ±2.0 ±7.0. ±3 ±20 mVOC 

25 100 25 250 25 250 25 500 nAOC 

±3.0 ±25 ±5.0 ±50 ±5 ±50 ±3 ±100 nAoc 

0 V+-1.5 0 V+-1.5 0 V+-l.5 0 V+-1.5 Vec 

0.8 2.0 0.8 2.0 0.8 2.0 0.8 2 mAoc 
1 2.5 mAoc 

200 200 25 100 2 30 V/mV 

300 300 300 300 ns 

1.3 1.3 1.3 1.3 ~s 

6.0 16 6.0 16 6.0 16 6.0 16 ~mAoc 

1 

250 400 250 400 400 250 500 mVOC 

0.1 0.1 0.1 0.1 nAoc i 
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Electrical Characteristics (Continued) 
-

LM139A LM239A, LM339A LM139 LM239, LM339 LM2901 LM3302 
PARAMETER CONPITIONS UNITS 

MIN TYP MAX MIN TYP . MAX MIN TYP MAX MIN rvp MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (Not. 9) 4.0 4.0 9.0 9.0 9 15 

40 I mVOC 

Input Offset Current IIN(+) -IIN(-) ±100 ±150 ±100 ±150 50 200 300 nAOC 

Input Bias Current IIN(+) or IIN(-) with Output in 300 400 300 400 200 500 1000 nAOC 
Linear Range 

Input Common-Mode Voltage 0 V+-2.0 0 V+-2.0 0 V+-2.0 0 V+-2.0 0 V+-2.0 0 V+-2.01 VOC 
Range 

Saturation Voltage VIN(-) ~ 1 VOC, VIN(+) = 0, 700 700 700 700 400 700 700 I mVOC 
ISINK~4mA 

Output Leakage Current VIN(+) ~ 1 VOC, VINH = 0, I 1.0 I 1.0 I 1.0 I 1.0 I 1.0 I 1.0 I pAOC 
Vo = 30 VOC 

Differential Input Voltage I K •• paIiVIN's~OVOC (orV-, 36 36 I 36 36 I 0 36 28 I VOC 
if us.d), (Not. B) 

Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125" C maximum junction temperature and a thermal resistance of 175" CIW which applies for 
the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated based on a 150°C maximum junction temperature. The low bias dissipation and the "ON
OFF" characteristic of the outputs keeps the chip dissipation very small (PO S 100 mW), provided the output transistors Bre allowed to saturate. 
Not8 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 20 rnA independent of the magnitude of V+. 
Note 3: This input current will only exist when the' voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the Ie chip. This transistor action can cause the output voltages of the comparators to go to the 
V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-estahlish when the input voltage, which was nega
tive, again returns to a value greater than -0.3 VOC (at 25" c). 

Note 4: These specifications apply for V+ = 5 VOC and -55·C ~ TA ~ +125·C, unless otherwise stateo, With the LM239/LM239A, all temperature specifications are limited to -25·C ~ TA ~ +85"C, the 
LM339/LM~39A temperature speCifications are limited to O·C ~ T A ~ +70·C, and the LM2901, LM3302 temperature range is -40"C ~ T A ~ +85"C. 
Note 5: The direction of the input current is out of the'le due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or 
input lines, 
Note 6: The input common*lTlode voltage or either input signal voltage shoUld not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V+ -1.SV. but either or both 
inputs can go to +30 VOC without damage (25V for LM3302). • 
Note 7: The response time specified is a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 
Nota 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low 
input voltage state must not be less than -0.3 VOC (or 0.3 VOC below the magnitude of the negative'power supply, if used) (at 25"CI. 

Note 9: At output switch point, Vo .. 1.4 VOC, AS = on with V+ from 5 VOC; and over the full input common-mode range (0 VOC to V+ -1.5 VOC). 

~O££V\ll '~06~V\ll '''6££V\ll'''6£~V\ll'''6£~V\ll 
'6££V\l1/6£~V\ll/6£~V\ll 



Typical Performance Characteristics LM139/LM239/LM339. LM139A/LM239A/LM339A. LM3302 
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Output Saturation Voltage 
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Application Hints 
The LM139 series are high gain, wide bandwidth 
devices which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed 
to capacitively couple to the inputs via stray 
capacitance. This shows up only during the output 
voltage transition intervals as the comparator chan
ges states. Power supply bypassing is not required 
to solve this problem. Standard PC board'layout 
is helpful as it reduces stray input-output coupling. 
Reducing the input resistors to < 10 kn reduces 
the feedback signal levels and finally, adding even 
a small. amount (1 to 10 m.V) of positive feedback 
(hysteresis) causes such a rapid transition that 
oscillations due to stray feedback are not possible. 
Simply socketing the IC and attaching resistors to 
the pins will cause input-output oscillations during 
the small transition intervals unless hysteresis is 
used. If the input signal is a pulse waveform, with 
relatively fast rise and fall times, hysteresis is not 
required. 

. All pins of any unused comparators should be 
grounded. 

The bias network of the LM 139 series establishes a 
drain current which is independent of the magni
tude of the power supply voltage over the range 
of from 2 Voe to 30 Voe. 

It is usually unnecessary to use a bypass capacitor 
across the power supply line. 

Typical Applications (v+ = 15 Voel 
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The differential input voltage may be larger than 
V+ without damaging the device. Protection should 
be· provided to prevent the input voltages from 
going negative more than -0.3 Voe (at 25°C). An 
input clamp diode can be used as shown in the 
applications section. 

The output of the LM139 series is the uncommitted 
collector of a grounded-emitter NPN output tran
sistor. Many collectors can be tied together to 
provide an output OR'ing function. An output 
pull-up resistor can be connected to any available 
power supply voltage within the permitted 'supply 
voltage range and there is no restriction on this 
voltage due to the magnitude of the voltage which 
is applied to the V+ terminal of the LM139A 
package. The output can also be used as a simple 
SPST switch to ground (when a pull-up resistor is 
not used). The amount of current which the 
output device can sink is limited by the drive 
available (which is independent of V+) and the ~ 
of this device. When the maximum current limit 
is reached (approximately 16 rnA). the output 
transistor will come out of saturation and the 
output voltage will rise very rapidly. The output 
saturation voltage is limited by the approximately 
60n r sat of the output transistor. The low offset 
voltage of the output transistor (1 mV) allows 
the output to clamp essentially to ground level 
for small load currents. ' 
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Typical Applications (Continued) (V+ ~ t5 Vocl 
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Typical Applications (Continued) (V+ ~ 5 Vod 
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Typical Applications (Continued) (V+ = 5 Vocl 
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~National 
~ Semiconductor 

Voltage Comparators 

LM160/LM260/LM360 High Speed Differential 
Comparator 
General Description 
The LM160/LM260/LM360 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the I1A7601l1A760C, for which it is a pln-for
pin replacement. The device has been optimized 
for greater speed, input impedance and fan-out, 
and lower input offset voltage. Typically delay 
varies only 3 ns for overdrive variations of 5 mV 
to 500 mV_ 

Complementary outputs having minimum skew 
are provided. Applications involve high speed 
analog to digital convertors and zero-crossing 
detectors In disc file systems. 

Features 
• Guaranteed high speed 20 ns max 

• Tight delay matching on both outputs 

• Complementary TTL outputs 

• High input impedance 

• Low speed variation with overdrive variation 

• Fan-out of 4 

• Low input offset voltage 

• Series 74 TTL compatible 

Schematic and Connection Diagrams Metal Can Package 
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" 

Order Number LM160H, LM260H or LM360H 
See NS Package HOSC 

Dual-In-Line Package 
11+ OLITI OUTZ GND 

rttI 
~ 

Ht Iti2 'N' ..,-

Order Number LM360N 
See NS Peckage NOSB 

Dual-In-Line Package 

Order Number LM360N-14 
See NS Package N14A 

Order Number LM160J-14. LM260J-14 
See NS Package J14A 
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Absolute Maximum Ratings 

PosItive Supply Voltage 
NegatIve Supply Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 

Electrical Characteristics 

PARAMETER 

Operating Conditions 

Supply Voltage Vee + 

Supply Voltage Vee -
Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Output Resistance (Either Output I 

Response Time 

Response Time Difference Between Outputs 

(tpd of +V IN,I - (tpd of -V IN21 

(tPd of+V,N21- (tpd of -V ,N,) 

(tpd of +V'N,I- (tpd of +V'N2) 

(tpd of -V IN' I - (tPd of -V IN21 

Input Resistance 

Input Capacitance 

Average Temperature Coefficient of Input 
Offset Voltage 

Average Temperature Coefficient of Input 
Offset Current 

Common Mode Input Voltage Range 

Oifferential Input Voltage Range 

Output High Voltage (Either Output) 

Output Low Voltage (Either Output) 

Positive Supply Current 

Negative Supply Current 

Operating Temperature Range 
LMl60 
LM260 
LM360 

Storage Temperature Range 

+BV 
-BV 

20mA 
±5V 

V+?,-V ,N ?,-V-
Lead Temperature (Soldering, 10 sec) 

(TMIN ~TA ~TMAX) 

CONDITIONS MIN TYP 

4.5 5 

-4.5 -5 

Rs:5 200n 2 

.5 

5 

VOUT = VOH 100 

T A : 25°C. Vs = ±5V (Note 11 13 

TA : 25"C. Vs = ±5V (Note 21 12 

T A = 25"C. Vs = ±5V (Note 31 14 

TA : 25"C. (Note 1) 2 

T A = 25"C. (Note 11 2 

T A = 25"C. (Note 11 2 

T A = 25"C. (Note 11 2 

f= 1 MHz 17 

f= 1 MHz 3 

Rs = 50n 8 

7 

Vs = ±6.5V ±4 ±4.5 

±5 

lOUT = -320"A. Vs = ±4.5V 2.4 3 

ISINK = 6.4 mA .25 

Vs = ±6.5V I 18 

Vs = ±6.5V -9 

-5S0C to +12SoC 
":'2SoC to +BSoC 

O°Cto+70°C 
-6SoC to +150°C 

300"C 

MAX UNITS 

6.5 V 

-6.5 V 

5 mV 

3 JlA 

20 JlA 

n 

25 ns 

20 ns 

ns 

ns 

ns 

ns 

ns 

kn 

pF 

Jlvt"C 

nAloC 

V 

V 

V 

.4 V 

32 rnA 

-16 rnA 

Note 1: Response time measured from the 50% point of a 30 mVp.p 10 MHz sinusoidal input to the 50% point of the output. 

Note 2: Response time measured from the 50% point of a 2 Vp_p 10 MHz sinusoidal input to the 50% point of the output. 

Note 3: Response time measured from the start of a 100 mV input step with 5 mV overdrive to the time when the output 
crosses the logic threshold. 
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Typical Performance Characteristics 
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LM161/LM261/LM361 High Speed Differential. 
Comparators 
General Description 
The LM1Eil/LM261/LM361 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the SE529/NE529 for which it is a pin·for·pin 
replacement. The device has been oPtimized for 
greater speed performance and lower input offset 
voltage .. Typically delay varies only 3 ·ns for 
over·drive variations of 5 mV to 500 mV. It may 
be operated from op amp supplies (±15V). 

Complementary outputs having minimum skew 
are provided. Applications involve high speed 
analog to digital converters and zero-crossing 
detectors in disc file systems. 

Features \ \ 

• I ndependent strobes 

• Guaranteed high speed 20 ns max 

• Tight delay matching on both outputs 

• Complementary TTL outputs 

• Operates from op amp supplies ±15V 

• Low speed variation with overdrive variation 

• Low input offset voltage 

• Versatile supply voltage range 

Schematic and Connection Diagrams 
Dual·ln·Line Package' 

Logic Diagram HIlOlEl Vee 
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-.r lilt IN'UT1 INPut! He 

rOl'VIE\t 

Order Number LM161J, LM261J 
or LM361J 

See NS Package J14A 

Order Number LM361N 
See NS Package N14A 

Metal Can PackaQ.~ 

v' 

Order Number LM161H, LM261H 
or LM361H 

See NS Package H10C 



r 
Absolute· Maximum Ratings Operating Conditions :s: ..... 

MIN TYP MAX ~ -lSV r-
lSV :s: 

-15V N 
-lSV ~ 

Positive Supply Voltage, V+ '16V Supply Voltage V+ 
Negative Supply Voltage, V- -16V LM161/LM261 5V 

Gate Supply Voltage, Vee .7V LM361 5V 
Output Voltage +7V Supply Voltage V-

Differential Input Voltage ±5V LM161/LM261 -6V 
Input Common Mode Voltage ±6V LM361 -6V -5.SV r-

S.25V :s: 
w 
'0) ..... 

Power Dissipation 600mW Supply Voltage Vee 
Storage Temperature Range -65°C to +150°C LM161/LM261 4.5V 5V 

Operating Temperature Range TMIN TMAX LM361 4.7SV 5V 

LM161 -5SoC to +12SQ e 
LM261 -2S'C to +8S'C 
LM361 oOe to +70°C 

Lead Temperature (Soldering, 10 sec) 300'C 
For Any Device Lead Below V O.3V 

Electrical Characteristics IV'· +IOV, Vee· +SV, V-· -10V, TM\N $TA $TMAX , unless notedl 

LIMITS 

PARAMETER CONDITIONS LM161/LM261 LM361 UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage 1 3 I 5 rnV 

',nput Bias Current TA =2S'C 5 10 pA 
20 3D pA 

Input Offset Current TA = 2S'C 2 2 pA 
3 5 pA 

Voltage Gain TA = 2S"C 3 3 V/rnV 

Input Re$inancf! T A = 2SoC. f:: 1 kHz 20 20 kU 

Logical "1" Output Voltage Vee = 4.7SV. 
2.4 3.3 2.4 3.3 V 

'SOURCE':" -,5 rnA 

Logical "0" Output Voltage Vc~ ". 4.75V, 
.4 .4 V 

'SINK 0:" 6.4 rnA 

Strobe Input "t" Current 
, Vee - S.2SV. 

200 200 pA 
VSTAOBE - 2.4V 

Strobe Input "0" Current Vee - 5.25V. ·1.6 -1.6 rnA 
VSTROSE - .4V 

Strobe Input "0" Voltage .vee - 4,75V 8 .8 V 

Strobe Input "1" Voltage Vee - 4.75V 2 2 V 

Output Short Circuit Current' , Vee - 5.25V, VOUT . OV 18 55 18 -55 rnA 

V' = 10V. V- = -IOV. 
Supply Curreot ,+ Vee = 5.2SV. 4.5 rnA 

-SS"C <;TA <; 12S'C 

V' = 10V. V·' = -lOV. 
Supply Current ,+ Vee = 5.Z5V, 5.J rnA 

O°C'5:TA 'S.70°C 

V' = 10V. V- = -IOV. 
Supply Current I - Vee = 5.ZSV. 10 rnA 

. SS"C<;TA <: 125"C 

V' = 10V. V- = -IOV. 
Supply Current r - Vee = S.ZSV, 10 rnA 

O'C$TA <{,70'C 

V' = 10V, V- = -lOV, \ 
Supply Current Icc Vee = 5.Z5V, 18 rnA 

-S5'C<;TA <; 12S'C 

V' = 10V, V- = -IOV, 
I Supply Current Icc Vee = S.2SV, ZO rnA 

O'C<TA $70'C 

TRANSIENT RESPONSE V IN = 50 m V Overdnve -
Propagation Delay Time (tPdIO') TA =2S'C 14 20 14 20 ns 

Propagation Delay Time h pdl1 ,) TA"'25Q C 14 20 14 ZO ns 

Delay Between Output A and B TA '" 25°C 2 S Z 5 ns 

Strobe Delay Ti~e (tpdIO,1 TA == 2SoC 8 B ns 

Strobe Delay Time (tpd,1,1 TA = 2S·C 8 8 ns 
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LM193/LM293/LM393, LM193A1LM293A1LM393A, LM2903 
. Low Power Low Offset Voltage Dual Comparators 
General Description. 
The LM193 series consists of two independent precision 
voltage comparators with an offset voltage specification 
as low as 2.0 mV max for two comparators which were 
designed specifically to operate from a single power 
supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power 
supply current drain is independent of the magnitude 
of the power supply voltage. These comparators also 
have a unique characteristic in that the input common
mode voltage range includes ground, even though 
operated from a single power supply voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and time 
delay generators; wide range VCO; MOS clock timers; 
multivibrators and high voltage digital logic gates. The 
LM 193 series was designed to directly interface with 
TTL and CMOS. When operated from both plus and 
minus power supplies, the LM193 series will directly 
interface with MOS logic where their low power drain 
is a distinct advantage over standard comparators. 

Advantages 
• High precision comparators 
• Reduced Vos drift over temperature 

Schematic and Connection Diagrams 

• Eliminates need for dual supplies 

• Allows sensing near ground 
• Compatible with all forms, of logic 
• Power drain suitable for battery operation 

Features 
• Wide single supply 

Voltage range 
or dual supplies 

• Very low supply current 
dent of supply voltage 
5.0 Vael 

2.0 Voc to 36 Voc 
±1.0 Voc to ±18 Voc 

drain (0.8 mAl-indepen
(1.0 mW/comparator at 

• Low input biasing current 
• Low input offset current 

and maximum offset voltage 

25 nA 
±5 nA 
±3 mV 

• Input common-mode voltage range includes ground 

• Differential input voltage range equal to the power 
supply voltage 

• Low output . 250 mV at 4 mA 
saturation voltage 

• Output voltage compatible with TTL, DTL, ECL, 
MOS and CMOS logic systems 

Dual·ln·line Package 

Metal Can Package 

v' 
OUTPUT A v' 

INVERTING INPUT A OUTPUTS 

NON INVERTING J 
INVERTLNG INPUT B 

OND 

TOPVIEW 

Order Number LM193H, LM193AH, 
LM293H, LM293AH, LM393H or LM393AH 

See NS Package HOSC 

INPUT A 

OND NON INVERTING 
INPUTS 

TCPVIEH 

Order Number LM393N, 
LM393AN, or LM2903N 
See NS Package NOSB 

Typical Applications (v+ = 5.0 Voel 

+5.GVtIC 

v' 

Vo 

Basic Comparator Driving CMOS Driving TTL 
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Absolute Maximum Ratings 
Supply Voltage, V+ 36 VOC or ±18 VOC 
Differential Input Voltage 36VOC 
Input Voltage -0.3 VOC to +36 VOC 
Power Dissipation (Note 1) 

Molded DIP 570mW 
Metal Can 830mW 

Output Short-Circuit to Ground, (Note 2) Continuous 

Input Current IV,N < -0.3 VOC). INote 3) 50mA 
Operating Temperature Range 

LM393/LM393A O°C to +70°C 
LM293/LM293A -25°C to +8SoC 
LM193/LM193A -5SoC to +12SoC 

LM2903 -40°C to +85°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering. 10 seconds) 300°C 

Electrical Characteristics (v+ = 5 VDC) (Note 4) 

'" ... 
'" 

LM193A LM293A, LM393A 
PARAMETER CONDITIONS 

MIN TVP MAX MIN TVP MAX 

Input Offset Voltage TA = 25°C, INote 9) ±1.0 ±2.0 ±1.0 ±2.0 

Input Bias Current 'IN+ or 'IN-with Output In Linear 25 100 25 250 

Range, TA = 25°C, INote 5) 

Input Offset Current IIN+ -IIN-, TA = 25°C ±3.0 ±25 ±5.0 ±50 

Input Common-Mode Voltage Range TA = 25°C, INote 61 0 V+-1.5 0 V+-1.5 

Supply Current RL = QO on All Co!'"parators, TA "" 25°C 0.4 1 0.4 1 

RL = 00 on All Amps, V+ = 30 VOC 1 2.5 1 2.5 

Voltage Gain, RL:::: 15 kn, TA = 25°C, V+: 15 VOC 50 200 50 200 

ITo Support Large Vo Swing) 

Large Signal Response Time V,N : TTL Logic Swing, VREF : 1.4 VOC 300 300 

VRL = 5 VOC, RL: 5.1 kn, TA: 25°C 

Response Time VRL = 5YOC. RL: 5.1 kn, TA: 25°C, 1.3 1.3 

(Note 7) 

Output Sink Current VIN-:::' 1 VOC, VIN+: 0, Va .:; 1.5 VOC, 6.0 16 6.0 16 

TA = 25°C 

Saturation Voltage V'N_:::: 1 VOC, VIN+ = 0, ISINK':;4 rnA, 250 400 250 400 

TA: 25°C 

Output Leakage Current VIN_:O, VIN+:::: 1 VOC, Va: 5 VOC, 0.1 0.1 

TA:25°C 

LM1931LM2931LM393, 
LM193A/LM293A/LM393A, LM2903 

LM193 LM293, LM393 LM2903 
UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

±1.0 ±5.0 ±1.0 ±5.0 ·±2.0 ±7.0 mVOC 

25 100 25 250 25 250 nAOC 

±3.0 ±25 ±5.0 ±50 ±5.0 ±50 nAOC 

0 V+-1.5 0 V+-1.5 0 V+-1.5 VOC 

0.4 1 0.4 1 0.4 1.0 mAoe 

2.5 2.5 1 2.5 mAOC 

50 200 50 200 25 100 V/mV 

300 300 300 ns 

1.3 1.3 1.5 /1S 

6.0 16 6.0 16 6 16 mAoc 

250 400 250 400 400 rnVOC 

0.1 0.1 0.1 nAOC 
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Electrical Characteristics (Continued) 

LM193A LM293A, LM393A LM193 LM293, LM393 LM2903 
PARAMETER CONOITIONS UNITS 

, MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Input Offset Voltage (Note 9) 4.0 4.0 9 9 9 15 mVOC 

Input Offset Current IIN+-IIN- ±100 ±150 ±100 ±150 50 200 nAOC 

Input Bias Current 'IN+ or IIN- with Output in linear Range 300 400 300 400 200 500 nAOC 

Input Common-Mode Voltage Range a V+-2.0 a V+-2.0 a V+-2.0 a V+-2.0 a V+-20 VOC 

Saturation Voltage VIN_ ~ 1 VOC, VIN+ = 0, ISINK ~ 4 rnA, 700 700 700 700 400 700 mVOe 
'. 

Output Leakage Current VIN- = 0, VIN+~ 1 VOC, Va = 30 Vae, 1.0 1.0 1.0 1.0 1.0 ILAOe 

Differential Input Voltage Keep All VIN'S~ a Voe (or V-, if Used), 36 36 36 36 28 VOC 
(Note B) 

Note 1: For operating at high temperatures, the LM393/LM393A and LM2~03 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 17SoC/W which applies for the 
device soldered in a printed circuit board, operating in a still air ambient. The LM193/LM193A/LM293/LM293A must be derated based on a 150°C maximum junction temperature. The low bias dissipation and 
the "ON-OF F" characteristic of the outputs keeps the chip.dissipation very smalt (PO ~ 100 mWl. provided the output transistors are allowed to saturate. 
Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 20 rnA independent of the magnitude of V+. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action. there is also lateral NPN parasitic transistor action on the Ie chip. This transistor action can cause the output voltages of the comparators to go to the 
V+ voltage Jevel (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re·establish when the input voltage. which was negative. 
again returns to a value greater than -0.3 VOC. 
Note 4: These specifications apply for V+ = 5 VOC and -55°C $ TA $ +125°C, unless otherwise stated. With the LM293/LM293A all.temperature specifications are limited to -25°C $ TA $ +85°C and the 
LM393/LM393A temperature specifications are limited to aOc $ TA $ +70°C. The LM2903 is limited to -40°C $ TA $ +B5°C. . 

Note 5: The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially constant. independent of the state of the output so no loading change exists on the reference or 
input lines. 
Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V+ -1.5V. but either or both 
inputs can go to 30 Voe without damage. 
Note 7: The response time specified is for a 100 mV input stej:) with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. see typical performance characteristics section. 
Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the comman-mode range, the comparator will provide a proper output state. The low 
input voltage state must not be less than -0.3 VOC (or 0.3 VOC below the magnitude of the negative power supply, if used). 
Note 9: At output switch point, Vo '" 1.4 VOC, RS = on with V+ from 5 VOC to 30 Voe; and over the full input common·mode range (0 VOC to V+ -1.5 VOCI. 

e06~lI\Il '"e6eIl\l1/"e6~lI\Il/"e6~lI\Il 
'e6eWl/e6~Wl/e6~Wl 



Typical Performance Characteristics LM193/LM293/LM393, LM193A/LM293A/LM393A 
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Application Hints 

The LM 193 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the 
output lead is inadvertently allowed to capacitively 
couple to the inputs via stray capacitance. This shows up 
only during the output voltage transition intervals as the 
comparator changes states. Power supply bypassing is 
not required to solve this problem. Standard PC board 
layout is helpful as it reduces stray input-output 
coupling. Reducing the input resistors to < 10 kn 
reduces the feedback signal levels and finally, adding 
even a small amount (1.0 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that oscilla· 
tions due to stray feedback are not possible. Simply 
socketing the IC and attaching resistors to the pins will 
cause input·output oscillations during the small transi· 
tion intervals unless hysteresis is used. If the input signal 
is a pulse waveform, with relatively fast rise and fall 
times, hysteresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the LM193 series establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 2.0 V DC to 
30 Voc. 

It is usually unnecessary to use a bypass capacitor. across 
the power supply line. 

The differential input voltage may be larger than V+ 
without damaging the device (see Note 8). Protection 
should be provided to prevent the input voltages from 
going negative more than -0.3 Voc (at 25°C). An input 
clamp diode can be, used as shown in the applications 
section. 

The output of the LM 193 series is the uncommitted col· 
lector of a grounded·emitter NPN output transistor. Many 
collectors can be tied together to provide an output 
OR'ing function. An output pull·up resistor can be 
connected to any available power supply voltage within 
the permitted supply voltage range and there is no 
restriction on this voltage due to the magnitude of the 
voltage which is applied to the V+ terminal of the 
LM 193 package. The output can also be used as a 
simple SPST switch to ground (when a pull·up resistor 
is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V+) and the f3 of this device. When the 
maximum current limit is reached (approximately 
16 mAl. the output transistor will come out of satura· 
tion and the output voltage will rise very rapidly. The 
output saturation voltage is limited by the approxi
mately 601'2 rS~T of the output transistor. The low 
offset voltage of the output transistor (1.0 mV) allows 
the output to clamp essentially to ground level for 
small load currents. 

Typical Applications (Continued) (V+ ~ 15 VDcl 

" 

~.' ';ru 
f'ICOkllz 

" 0-""'.-+ __ ..... _-' 

Squarewave Oscillator 

", 
FRUUfNCV 

CONTROL 
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INPUT 

V' ~ +30 VDe 
+250rnVoc :Vc +50Voc 

l00HI<lo<IODkHz 

" '" 
" '''114 

*ForlargerBtlosofRlIR2, 
01 can be omitted. 

Pulse Generator 
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v'/z 

Crystal Controlled Oscillator 

L..... __________ ..... ""'" OUTPUT 2 

/V'v 

Two-Decade High-Frequency veo 
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Typical Applications (Continued) (V+ = 15 Voel 
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Typical Applications (Continued) 
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Time Delay Generator 

1COPf T 

. One-Shot Multivibrator with I nput Lock Out 

Split-Supply Applications (v+ = +15 V DC and V- = -15 V DC) 

.... 

MOS Clock Dr;ver 
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Zero Crossing Detector (Single Power Supply) 

One-Shot Multivibrator 

Bi-Stable Multivibrator 

Zero Crossing Detector 

Comparator With a Negative Reference 



~National 
~ Semiconductor 

Voltage Comparators 

LM311 Voltage Comparator 
General Description 
The LM311 is a vo·ltage comparator that has input 
currents more than a hundred times lower than de
vices like the LM306 or LM710C. It is also de
signed to operate over a wider range of su pply 
voltages: from standard ±15V op amp supplies 
down to the single 5V supply used for Ie logic. Its 
outP.ut is compatible with RTL, DTL and TTL as 
well as MOS circuits. Further, it can drive lamps or 
relays, switching voltages up to 40V at currents as 
high as 50 mAo 

Features 
• Operates from single 5V supply 

• Maximum input current: 250 nA 
• Maximum offset current: 50 nA 

Auxiliary Circuits * * 
AZ , .. 

v' 

Offset Balancing 

Typical Applications * * 

INPUTS 

r-----.-----4~ V ..... 5.DV 

A' 
4.5k 

AZ 
I.Dk 

MAGNETIC 
PICKUP 

A' Z.Qk 

TIl 
OUTPUT 

Detector for Magnetic Transducer 

A, 
I."" 

TTL 
STROBE 

*Absarbsinduct~kickblck 
of relay Ind protectslC from 
SlVlI1evDlbgetrlnsientson 
V++line. 

Nat~. Do Not Grountl Strolle Pm. 

Relay Driver with-8trobe 

Strobing 

• Differenti~1 input voltage range: ±30V 

• Power consumption: 135 mW at ±15V 

Both the input and the output of the LM311 can 
be isolated from system ground, and the output 
can drive loads referred to ground, the positive 
supply or the negative supply. Offset balancing 
and strobe capability are provided and outputs can 
be wire OR'ed. Although slower than the LM306 
and LM710C (200 ns response time vs 40 nsl the 
device is also much I~ss prone to spurious oscilla
tions. The LM311 has the same pin configuration 
as the LM306 and LM710C. See the "application 
hints" of the LM311 for application help. 

TTl 
STROBE 

**:Note: Pin connections shown on schematic diagram 
and typical applications are for TO~5 package. 

·Incmlestypiealeommon 
mode slew from 7.0Vl/lS 
to 18V/,us. 

Increasing Input Stage Current* 

yt""s.Oy 

---I"':':~~-l~----1--1""'---''-V''=5.0V 

FADM 
TTL 

GATE 

5-4B 

ANALOG 
INPUT 

AZ 
'Dk 

Digital Tra~smission Isolator 

FROM DtA NETWORK 

·Tvpi~.' inp!!1 currlnt II' 
59 pA wl,h input5stTobed oH 

Note, Do Nat Grauml Stroh. Pm. 

Strobing off Both Input· 
and Output Stages 

06 
10k 

TTL 
OUTPUT 

TTl 
STROBE 



Absolute Maximum Ratings 

Total Supply Voltage (V84 ) 
Output to Negative Supply Voltage (V?4) 
Ground to Negative Supply Voltage (V 14) 
Differential I nput Voltage 
Input Voltage (Note 1) 
Power Dissipation (Note 2) 
Output Short Circuit Duration 
Operating Temperature Range 
Storage Temperatu re Range 
Lead Temperature (soldering, 10 sec) 
Voltage at Strobe Pin 

Electrical Characteristics (Note 3) 

PARAMETER 

Input'Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Voltage Gain 

Response Time (Note 5) 

CONDITIONS 

T A = 25°C, Rs S 50k 

TA = 25°~ 

T A = 25°C 

TA = 25°C 

T A = 25°C 

36V 
40V 
30V 

±30V 
±15V 

500mW 
10 sec 

DoC to 70°C 
_65°C to 150°C 

300°C 
V+-5V 

MIN 

40 

Saturation Voltage VIN S -10 mV, lOUT = 50. mA 

TA = 25°C 

Strobe ON Current 

Output Leakage Current 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Input Voltage Range 

Saturation Voltage 

Positive Supply Current 

Negative Supply Current 

TA =25°C 

VIN :;::: 10 mV, VOUT = 35V 

T A = 25°C, ISTROBE = 3 mA 

Rs S 5Dk 

V+:;::: 4.5V, V- '" 0 

VIN S -10mV, ISINK SB mA 

TA = 25°C 

TA = 25°C 

-14.5 

TYP 

2.0 

6.0 

10.0 -
200 

200 

0..75 

3.0 

0.2 

13.B,-14.7 

0..23 

5.1 

4.1 

MAX 

7.5 

50' 

250 

1.5 

50 

10 

70. 

30.0 

13.0 

0..4 

7.5 

5.0. 

UNITS 

mV' 

nA 

nA 

V/mV 

ns 

V 

mA 

nA 

mV 

nA 

nA 

v 
V 

mA 

mA 

Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temp~rature of the LM311 is 110°C. For operating at elevated temperatures, devices in the TO-S 
package must be derated based on a thermal resistance of 150°CIW, junction to ambient, or 4SoC/W. junction to case. The thermal 
resistance of the dual-in-line package is 100°CIW,junction to ambient. 

Note 3: These specifications apply for Vs = ±15V and the Ground pin at ground, and DoC < TA < +70°C, unless otherwise 
specified. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply 
up to ±15V supplies. 
Note 4: The offset voltages and offset curre~ts given are the maximum values required to drive the output within a volt of either 
supply with 1 rnA load. Thus. these parameters define an error band and take into account the worst-case effects of voltage gain 
and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
Note 6: Do not short the strobe pir'.l t~ ground; it should be current driven at 3 to 5 mAo 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

Supply Current Supply Current Leakage Currents 
10'" 

Vs = ±15V 
10 

Vs '" ±15V 

I I 
OUTPUT VOUT • 40~ " I I 

POSITIVE stiPPL ~--- OUTPUT LOW - r--I-- INPUT VIN = 15V 

POSITIVE AND 
NEGATIVE SUPPLY-
OUTPUT HIGH 

o I I 10-11 ~ I 
10 15 20 25 3D o w ~ ~ ~ ~ ~ ro ~ 25 35 45 55 65 75 

SUPPLY VOLTAGE IVI TEMPERATURE I'CI TEMPERATURE I'CI 

Typical Applications 

*TIL or DTL fanout of two. 

Zero CrOSSing Detector 
Driving MOS Switch 

100 kHz Free Running Multivibrator 

" , .. 

", 

" 100II01 ' 

'--..... -------.... -+------.- ~~::: 

"Adlustfol symmetncal square 
wave time when VIN =5mV. 

tMimmumcapacitanee2DpF 
Malumumfrequency5DkHz 

" ." 

10 Hz to 10 kHz Voltage Controlled Oscillator 

tMay be added to control 
speed and reducesunept1bdlty 
to noise spikes. 

TTL Interface with High Level Logic Crystal Oscillator 
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"Inputpolantyisreversed 
when usmgpin 1 IS output. 

Driving Ground-Referred Load 

Using Clamp Diodes to Improve Response 
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Comparator and Solenoid Driver 



Typical Applications (Continued) 
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Schematic Diagram 
BALANCE/STROBE 

6 

R3 
300 

BALANCE 

• 
R4 

300 

.---t---'-~--~---;----'----'--------~--'------------------i~.~ 

Connection Diagrams * 

Order Number LM311 N 
See NS Package NOBB 

Order Number LM311J-8 
See NS Package JOBA 

GROUND 1 

Order Number LM311 H 
See NS Packag. HOBe 

Dual-In-Lin. Package 

INPUT 2 -1"" .... ~ ..... 

INPUT 3 --+---17'· 

V-4 

TOP VIEW 

*Pin connections shown on schematic diagram 
and typical applications are for TO-S package. 

R11 
60 

R14 
2k 

Metal Can Package 

v· 

R16 
400 

Rl' 
450 

R9 
600 

017 

6 BALANCEI 
STROBE 

v
TQPVIEW 

R1D 
4k 

Dual-In-Line Package 

NC 1 
• v' 

GNO 2 

7 OUTPUT INPUT 3 

6 BALANCE INPUT 4 
STROBE 

Ne • 5 BALANCE 
v- 6 

BALANCE 1 

14 Ne 

13 NC 

12 Ne 

11 v+ 

10 Ne 

9 OUTPUT 

BALANCEI 
STROBE 

Note: Pin 6 connected to bottom of package. 
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Order Number LM311N-14 
See NS Package N14A 
Order Number LM311J 
Sa. NS Package J14A 



,.. 
~ Application tiints 
::E 
..J CIRCUIT TECHNIQUES FOR AVOIDING 

OSCILLATIONS IN COMPARATOR AP,PLlCATIONS 

When a high-speed comparator such as the LMll1 is 
used with fast input signals and low source impedances, 
the output response will normally be fast and stable, 
assuming that the power supplies have been bypassed 
(with 0.1 J.lF disc capacitors), and that the output signal 
is routed well away from the inputs (pins 2 and 3) and 
also away from pins 5 and 6. 

However, when the input signal is a· voltage ramp or a 
slow sine wave, or if the signal source impedance is high 
(1 kn to 100 kn), the comparator may burst into 
oscillation near the crossing-point. Tris is due to the 
high gain and wide bandwidth of comparators like the 
LMlll. To, avoid oscillation or instability in such a 
usage, several precautions are recommended, as shown 
in Figure 7 below. 

1. The trim pins (pins 5 and 6) act as unwanted auxil
iary inputs. If these pins are not connected to a trim
pot, they should be shorted together. If they are 
connected to a trim-pot, a 0.01 J.lA capacitor Cl 
between pins 5 and 6 will minimize the susceptibility 
to AC coupling. A smaller capacitor is used if pin 5 is 
used for positive feedback as in Figure 7. 

2. Certain sources will produce a cleaner comparator 
output waveform if a 100 pF to 1000 pF capacitor 
C2 is connected directly across the input pins. 

3. When the signal source is applied through a resistive 
network, Rs, it is. usually advantageous to choose an 
Rs' of substantially the same value, both for DC and 
for dynamic (AC) considerations. Carbon, tin-oxide, 
and metal-film resistors have all been used successfully 
in comparator input circuitry. Inductive wirewound 
resistors are not suitable. 

4. When comparator circuits use input resistors (eg. 
summing resistors), their value and placement are 
particularly important. In all cases the body of the 
resistor should be close to the device or socket. In 
other words there should be very little lead length or 
printed-circuit foil run between comparator and 
resistor to radiate or pick up signals. The same applies 
to capacitors, pots, etc. For example, if Rs = 10 kn, as 
little as 5 inches of lead between the resistors and the 
input pins can result in oscillations that are very hard 
to damp. Twisting these input leads tightly is the 
only (second best) alternative to placing resistors 
close to the comparator. 

5. Since feedback to almost any pin of a comparator 
can result in oscillation, the printed-circuit layout 
should be engineered thoughtfully. Preferably there 
should be a groundplane under the LM111 circuitry, 
for example, one side of a double-layer circuit card. 
Ground foil (or, positive· supply or negative supply 
foil) should extend between. the output and the 
inputs, to act as a guard. The(foil connections for the 
inputs should be as small and compact as possible, 

. and should be essentially surrounded by ground foil 
on all sides, to guard against capacitive coupling from 
any high-level signals (such as the output). If pins 5 
and 6 are not used, they should be shorted together. 
If they are connected to a trim-pot, the trim-pot 
should be located, at most, a few inches away from the 
LM 111, and the 0.01 J.lF capacitor should be installed. 
If this capacitor cannot be used, a shielding printed
circuit foil may· be advisable between pins 6 and 7. 
The power supply bypass capacitors should be located 
within a couple inches of the LM 111. (Some other 
comparators require the power-supply bypass to be 
located immediately adjacent to the comparator.) 

r---.-----------.-~15V 

3k 
82 

4.7k 

>.:~----.. -o OUTPUT 

-15V 

Pin connections shown are for LMlll H in S-Iead TO-5 hermetic package 

FIGURE 1. Improved Positive Feedback 
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Application Hints (Continued) 

6. It is a standard procedure to use hysteresis (positive 
feedback) around a comparator, to prevent oscillation, 
and to avoid excessive noise on the output because 
the comparator is a good amplifier for its own noise. 
In the circuit of Figure 2, the feedback from the 
output to the positive input will cause about 3 mV of 
hysteresis. However, if Rs is larger than lOOn, such 
as 50 kn, it would not be reasonable to simply 
increase the value of the positive feedback resistor 
above 510 kn. The circuit of Figure 3 could be used, 
but it is rather~ awkward. See the notes in paragraph 
7 below. 

7. When both inputs of the LMlll are connected to 
active signals, or if a high-impedance signal is driving 
the positive input of the LM111 so that positive feed
back would be disruptive, the circuit of Figure 1 is 

ideal. The positive feedback is to pin 5 (one of the 
offset adjustment pins). It is sufficient to cause 1 to 
2 mV hysteresis and sharp transitions with input 
triangle waves from a few Hz to hundreds of kHz. 
The positive-feedback signal across the 82n resistor 
swings 240 mV below the positive supply. This signal 
is centered around th"e nominal voltage at pin 5, so 
this feedback does not add to the Vos of the com
parator. As much as 8 mV of Vos can be trimmed 
out, using the 5 kn pot and 3 kn resistor as shown. 

8. These application notes apply specifically to the 
LMlll, LM211, LM311, and LFlll families of 
comparators, and are applicable to all high-speed 
comparators in general, (with the exception that not 
all comparators have trim pins) . 

...... _,-.----.... -oI5V 

3' 

4.7k 

.>.,.....-~~o OUTPUT 

-1SV' 

510k 

Pin connections shown are for LM111H in 8·Iead TO-6 hermetic package 

FIGURE 2. Conventional Positive Feedback 

,...._,-.----.... -o15V 

3' 

4.lk 

INPUT o-JII'>IIr .... - .... 

~,.....-_ ..... <l OUTPUT 

10 

lOOk 

FIGURE 3. Positive Feedback With High Source Resistance 
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~National 
~ Semiconductor 

Voltage Comparators 

LM710/LM710C . Voltage Comparator 
General Description 
The LM710 series are a high-speed voltage com
parators intended for·use as· an accurate, low-level 
digital level senspr or as a replacement for opera
tional amplifiers in comparator applications where 
speed is of prime importance_ The circuit has a 
differential input and a single-ended output, with 
saturated output levels compatible with practically 
all types of integrated logic_ 

The device is built on a single silicon chip which 
insures low offset and thermal drift. The use of 
a minimum number of stages along with minority
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifiers in 
saturating comparator applications. In fact, the low 

stray and .wiring capacitances that can be real ized . 
with monolithic construction make the device dif
ficult to duplicate with discrete components oper
ating at equivalent power levels. 

The LM710 series are useful as pulse height dis
criminators, voltage comparators in high-speed AID 
converters o~ go, no-go detectors in automatic test 
equipment. They also have applications in digital 
systems as an adjustable-threshold line receiver or 
an interface between logic types. In addition, the 
low cost of the units suggests it for appl ications 
replacing relatively simple discrete component 
circuitry. . 

Schematic * and Cormection Diagrams 
r----... --t-...... ~ V' .. .. 

III( UK 

l' -+-----1t:" 
INPUTS ' 

GROUND -~====t--.l-r! 

Typical Applications • 
Schmitt Trigger 

Pulse Width Modulator 

OCINI'UT 

*Pm connections shown are for metal can. 

.. ' 

'" 

" " 

Metal Can Package 

Note: Pin4 ctlnnectadta case. 

Order .Number LM710H 
. or LM710CH 

See NS Package HOBC 

Dual·ln·Line Package 

~O'VIE'II 

14NI: 

13/11C 

Order Number LM710N 
'or LM710CN 

See NS Package N 14A 

Line Receive With Increased 
Output Sink Current 

OUTPUT 

I 
" , .. 'M 

Level Detector With Lamp Driver 

" 

" >-W ..... -C~~2m 
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Absolute Maximum Ratings 
Positive Supply Voltage 
Negative Supply V,oltage 
Peak Output Current 
Output Short Circuit Duration 
Differential Input Voltage 
I "put Voltage 
Power Dissipation 

TO-99, (Note 1l 
Flat Package, (Note 2) 

+14V 
-7V 

10mA 
10 seconds 

±5V 
±7V 

300mW 
200mW 

Electrical Characteristics (Note 3) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Voltage Gain 

Output Resistance 

Output Sink Current 

Response Time 

Input Offset Voltage 

Average Temperature Coefficient 

of Input Offset Voltage 

Input Offset Current 

Average Temperature Coefficient 

of Input Offset Current 

Input Bias CUrrent 

Input Voltage Range 

Common-Mode Rejection Ratio 

Differential In'put Voltage Range 

Voltage Gain 

Positive Output Level 

Negative Output level 

Output Sink Current 

Positive Supply Current 

Negative Supply Current 

Power Consumption 

CONDITIONS 

RS $ 200n, VCM = OV, TA = 25'C 

VOUT = l.4V, TA = 25'C 

TA = 25'C 

TA = 2S'C 

TA = 25'C 

VOUT = 0, TA = 25'C 

L\VIN~ 5 mV 

L\VIN~ 10mV 

T A = 25'C, (Note 4) 

RS $ 200n, VCM = OV 

TMIN$TA$TMAX 
RS$50n 

TA = TA MAX 

TA=TAMIN 

25'C $TA $TMAX 

TMIN $TA $ 25'C 

TA = TMIN 

V- =-7V 

RS$200n 

-5 mA$IOUT$ 0 

VIN~5mV 

VIN~10mV 

VIN~5mV 

VIN~ 10mV 

VINI~ 5 mV, VOUT = 0 

TA = 125'C 

TA =-55°C 

VIN ~ 10 mV, VOUT = 0 

0'C$TA$+70'C 

VIN 2: 5 mV 

VIN2: 10 mV 

VIN 2: 5 mV 

VIN~ 10mV 

lOUT = 0 

VIN 2: 5 mV 
VIN 2: 10 mV 

MIN 

1250 

2.0 

±5.0 

80 

±5.0 

1000. 

2.5 

-1.0 

0.5 

1.0 

Operating Temperature Range 
LM710 
LM710C 

Storage Temperature Range 
Lead Temperature (Soldering, 60 seconds) 

LM710 

TVP 

0.6 

0.75 

13 

1700 

200 

2.5 

40 

3.0 

0.25 

1.8 

5.0 

15 

27 

100 

3.2 

-0_5 

1.7 

2.3 

5.2 

4.6 

90 

MAX 

2.0 

3.0 

20 

.3.0 

10 

3.0 

7.0 

25 

75 

45 

4_0 

o 

9_0 

7.0 

150 

MIN 

1000 

1.6 

±5.0 

70 

±5.0 

800 

2.5 

-1.0 

0.5 

LM710C 

TVP 

1.6 

1.8 

16 

1500 

200 

2.5 

40 

5.0 

15 

24 

25 

98 

3.2 

-{l.5 

5.2 

4_6 

TMIN TMAX 
-55'C to +125'C 

aOc to +70°C 
-65'C to +150'C 

300'C 

MAX 

5.0 

5.0 

25 

6.5 

20 

7.5 

7.5 

50 

100 

40 

4.0 

o 

9_0 

7.0 

150 

UNITS 

mV 

.n 

rnA 
mA 

ns 

mV 

p.A 

p.A 

nA/'C 

nAtC 

p.A 

V 

dB 

V 

V/V 

V 

V 

V 

V 

rnA 
mA 

mA 

mA 

mA 

mA 

rnA 

rnW 
rnW 

Note 1: Rating applies for case temperatures to 125'C for LM710 and to 70'C for LM710C;derate linearly at 5.6 mWfC for ambient tempera
tures above 105°C. 
Note 2: Derate linearly at 4.4 mW/"C for ambient temperatures above 100'C. 

Note 3: These specifications apply for V+ = 12V, V- = -6V, -55'C $ TA $ +125'C for LM710 and o"C S; TA S; +70'C for LM710C unless 
otherwise specified. The input offset voltage and input offset currant (see definitions) are specified for a logic threshold voltage of 1.8V at -55°C, 
l.4V at 25'C, and lV at 125'C for LM710 and 1.5V at O'C, 1.4V at 25'C and 1.2V at 7o"C for LM710C, -

Note 4: The response time specified (see definitions} is • 100 mV input step with' 5 mV overdrive (LM710} or a 10 mV overdrive (LM710Cl. 
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

Voltage Comparators 

LM711/LM711C Dual Comparator 
General Description 
The LM7 11 series contains two voltage comparators 
with separate differential' inputs, a common out
put and provision for strobing each side indepen
dently. Similar to the LM710, the device features 
low offset and thermal drift, a large input voltage 
range, low power consumption, fast recovery from 
large overloads and compatibility with most inte· 
grated logic circuits. 

With the addition of an external resistor network, 
the LM71 1 series can be used as a sense amplifier 
for core memories. The input thresholding, com· 
bined with the high gain of the comparator, 
eliminates many of the inaccuracies encountered 

with conventional sense amplifier designs. Further, 
it has the speed and accuracy needed for reliably 
detecting the outputs of cores as small as 20 mils. 

The LM71 1 series are also useful in other applica
tions where a dual comparator with OR'ed outputs 
is required, such as a double·ended limit detector. 
By using common circuitry for both halves, the 
device can provide high speed with lower power 
dissipation than two single comparators. The 
LM711 C is the commerciallindustrial version of the 
LM711. With operation specified over a O°C to 
+ 70°C temperature range. 

Schematic * '" and Connection Diagrams 
Metal Can Package 

" 

r-~~--------'---~--~---+~~--------~~~~--" 

Typical Applications** 
Sense Amplifier With Supply Strobing 
for Reduced Power Consumption* 

FROM 
SENSE 
LINES 

" '00 

R& 

'" 

01 
IN7SS 
75V 

lMJ11 " 11114032 

~~~i'~E""''''''I-_. 
'"S 

R1 
12K 

" '" 

STROBE 

Jl. 

OUTPUT 

"Standby dtsstpatlon Isabotlt 40 mW. 
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TOPVI(II 

Note: Prn5connectedtoca5e. 

Order Number LM711H or LM711CH 
See NS Package Hl0C 

Dual-ln·Line Package 

(.f IHPUY "A' 2 1] STROlE 'A" 

12 GROUND 

-YccISUPrlY14 11 .Yc;c.SUPPUI 

,-,INPUT"'" fI 10 OUTPUT 

(-I INPUT ".'. I , SlROII".'· 

Order Number LM711CN 
See NS Package N14A 

Oouble-Ended Limit Detector 
With Lamp Driver 

urnR 
LIMIT 
VOLTAGE 

LOWER 
LIMIT 
VOLTAGE 

"'*Pin connections shown are for metal can. 
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Absolute Maximum Ratings 
Positive Supply Voltage +14V Operating Temperature Range TMIN TMAX 
Negative Supply Voltage -7V LM711 --55°C to +125°C 
Peak Output Current 25mA LM711C . O°C to +70°C 
Differential Input Voltage ±5V Storage Temperature Range -65°C to +150°C 
Input Voltage ±7V Lead Temperature (Soldering, 10 seconds) 300°C 
Strobe Voltage Oto+6V 
Internal Power Dissipation (Note 1) 300mW 

Electrical Characteristics (These specifications apply for T A = 25°C, V+ = 12V, V- = -6V) 

PARAMETER 
LM711 LM711C 

CONDITIONS (Note 2) UNITS 
MIN TVP MAX MIN TVP MAX 

Input Offset Voltage RS $; 200n, VCM = 0 1.0 3.5 1.0 5.0 mV 

RS $; 200n, .-5V $; VCM $; +5V 1.0 5.0 1.0 7.5 mV 

I nput Offset Current 0.5 10.0 0.5 15 J1A 

Input Bias Current 25 75 25 100 J1A 

Voltage Gain 750 .1500 700 1500 

Response Time (Note 3) 40 40 ns 

Strobe Release Time 12 12 ns 

-Input Voltage Range V =7V ±5.0 ±5.0 V 

Differential Input Voltage ±5.0 Ao V 

Range 

Output Resistance 200 200 n 

Positive Output Level VIN~ 10mV 4.5 5.0 4.5 5.0 V 

Loaded Positive Output Level VIN ~ 10 mV,lOUT = -5 mA 2.5 3.5 2.5 3.5 V 

Negative Output Level VIN $;-10 mV -1.0 0 -1.0 -0.5 0 V 

Strobed Output Level VSTROBE $; O.3,V -1.0 0 -1.0 0 V 

Output Sink Current VIN $; -10 mV, VOUT ~ 0 0.5 0.8 0.5 0.8 mA 

Strobe Current VSTROBE = 100 mV 1.2 2.5 1.2 2.5 mA 

Positive Supply Current VIN $; -10 mV B.6 8.6 mA 

Negative Supply Current 3.9 3.9 mA 

Power Consumption 130 200 130 230 mW 

The following specifications apply for TMIN :::; T A:::; TMAX: 

I nput Offset Voltage RS S 200n, VCM = 0 4.5 6.0 mV 

RSS200n 6.0 10 mV 

I nput Offset Current 20 25 /lA 

I.nput Bias Current 150 150 J1A 

Average Temperature 

Coefficient of Input 

Offset Voltage 5.0 5.0 J1V/"C 

Voltage Gain 500 500 

Not. 1: Rating applies for case temperatures to 125°C; derate linearly at S.6 mWfC for ambient temperatures above 10S·C. 
Nota 2: Th. input offset voltag. and input offset current (see definitions) are specified for a logic threshold voltage of 1.BV at -SS·C, 1.4Vat 
2S·C, and IV at 12S·C. 
Not.3: The response time specified is for a 100 mV input step with S mV overdrive (see definitions). 
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Typical Performance Characteristics 
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~National . 
~ Semiconductor 

Voltage Comparators 

LM15141LM1414 Dual Differential Voltage Comparator 

General Description 

The LM1514/LM1414 is a dual·differential voltage 
comparator intended for applications requiring 
high accuracy and fast response times. The device 
is constructed on a single monolithic silicon chip. 

The LM1514/LM1414 is useful as a vari·able thresh
old Schmitt trigger, a pulse height discriminator, 
a voltage comparator in high·speed A-D converters, 
a memory sense amplifier or a high noise immunity 
line receiver. The output of the comparator is 
compatible with all integrated logic forms. The 
LM 1514/LM1414 meet or exceed the specifications 
for the MC1514/MC1414 and are pin·for-pin re
placements. The LM1514 is available in the ceramic 
dual·in·line package. The LM1414 is available in 
either the ceramic or molded dual·in·line package. 

The LM1514 is specified for operation over the 
_55°C to +125°C military temperature range. The 
LM 1414 is specified for operation over the O· C 
to + 70°C temperature range. 

Features 

• Two totally separate comparators per package 

• Independent strobe capability 

• High speed 30 ns typ 
• Low input offset voltage and current 

• High output sink current over temperature 

• Output compatible with TTLlDTL logic 

• Molded or ceramic dual·in-line package 

Schematic and Connection Diagrams 
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Dual·ln·Line Package 

Order Number LM1414J Dr LM1514J 
See NS Package J14A 

Order Number LM1414N 
See NS Package N14A 



Absolute Maximum Ratings (No~e 1) 

Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 
Power Dissipation (Note 2) 
Operating Temperature Range LM1514 

LM1414 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

+14.0V 
-7.0V 

10mA 
±5.0V 
±7.0V 

600mW 
-55°C to +125°C 

O°C to +70°C 
-65°C to +150°C 

300°C 

Electrical Characteristics for TA = 25°C, V+ = +12V, V- = -6V, unless otherwise specified 

lM1514 LM1414 
PARAMETER CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Rs ~ 200n. V CM ;; av, VOUT = 1.4V 0.6 2.0 1.0 5.0 

Input Offset Current V CM ;; av, VOUT :: 1.4V O.B 30 1.2 5.0 

Input Bias Current 20 25 

Voltage Gain 1250 1000 

Output Resistance 200 200 

Differential Input Voltage Range ±S.O ±5.0 

Input Voltage Range V- = -7.0V ±5.0 ±S.O 

Common Mode Rejection Ratio Rs"; 20011. V- = -7.0V BO 100 70 100 

Positive Output Voltage VIN ;=::.; 0 mV, 0 $IOUT $-5.0 rnA 2.5 3.2 4.0 2.5 3.2 4.0 

Negative Output Voltage VIN $-7.0 mV -1.0 -0.5 0 -1.0 -0.5 0 

Strobed Output Voltage VSTA09E <;;' O,3V -1.0 -0.5 0 -1.0 -0.5 0 

Strobe "0" Current VSTROSE = toO mV -1.2 -2.5 -1.2 -2.5 

Positive Supply Current VIN '$-7 mV 18 18 

Negative Supply Current VIN $-7 mV -14 -14 

Power Consumption 180 300 180 300 

Response Time (Note 31 30 30 

LM1514/LM1414: The following apply for T L ~ T A < T H (Note 41 unless otherwise specified 

Input Offset Voltage Rs ~ 200n, VOUT = 1.8V for TA '" T L 3.0 6.5 
VCM '" OV, VOUT = 1.0V forTA = TH 3.0 6.5 

Input Bias CUirenr 45 40 

Temperature Coefficient of 3.0 5.0 
Input Offset Voltage 

Input Offset Current VCM = OV, VOUT = 1.8V, TA '" T L 7.0 7.5 
VCM =OV. VOUT '" 1.0V. TA =TH 3.0 7.5 

Voltage Gain 1000 800 

Output Sink Current VIN S-9.0mV. Your ~OV 2.8 4.0 1.6 2.5 

UNITS 

mV 

~A 

~A 

n 
V 

V 

dB 

V 

V 

V 

mA 

mA 

mA 

mW 

ns 

mV 
mV 

~A 

l1V/oC 

~A 

~A 

mA 

Nota 1: Voltage values are with respect to network ground terminal. Positive current is defined as current into the referenced 
pin. 

Nota 2: LM1514 ceramic package: The maximum junction temperature is +150°C, for operating at elevated temperatu~es. 
devices must be derated linearly at 12.5 mwtC. lM1414 ceramic package: The maximum junction temperature is +95°C for 
operating at elevated temperatures, devices must be derated linearly at 12.5 mwtC. LM1414 molded package: The maximum 
junction temperature is +115°C, for operating at elevated temperatures, devices must be derated linearly at 6.7 mWfC. 
Note 3: The response time specified (see definitions) for a 100 mV input step with 5 mV overdrive. 

Note 4: For LM1514, TL = -55°C, TH = +125°C. For LM1414, TL = O°C, TH = +70°C. 
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Analog Switches 

Section Contents 

Analog Switches/Multiplexers Selection Guide ......................................... 6·3 
Definition of Terms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4 
AH5009, AH5010, AH5011, AH5012 Monolithic Analog Current Switches .................... 6·5 
. LF11331/LF13331 4 Normally Open Switches With Disable ............................. " 6·17 
LF11332/LF133324 Normally Closed Switches With Disable. . . . . . .. . . . . . . . . . . . . . . . . . . . . .. 6-17 
LF11333/LF133332 Normally Closed Switches and 2 Normally 

.Open Switches With Disable ......................... ! . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6·17 
LF11201/LF132014 Non;nally Closed Switches ............................... , ..... , . . .. 6-17 
LF11202/LF132024 Normally Open Switches. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6·17 
LF11508/LF13508 8·Channel Analog Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6·27 
LF11509/LFi3509 4·Channel Differential Analog Multiplexer ............ : . . . . . . . . . . . . . . . .. 6·27 

Note. For additional information on analog switches, see National Semiconductor's Hybrid Products Databook 
and FET Databook. 
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RON VAil Pari Logic 
Vs 

tON/tOFF 
(0)' (V)t Number Input 

(V) 
Typ 

Typ 

QUADSPST 

100 15mA AH5011 15V TTL. CMOS 150/300 ns 
150 5mA AH5012 TTL. CMOS 150/300 ns 
200 :!:10 LF11201 TTL ±15 901500 ns 
200 :!:10 LF11202 TTL :!: 15 90/500 ns 
200 ±10 LF11331 TTL :!:15 90/500 ns 
200 ±10 LF11332 TTL ±15 90/500 ns 
200 :!:10 LF11333 TTL ± 15 90/500 ns 
250 :!:10 LF13201 TTL ±15 90/500 ns 
250 :!: 10 LF13202 TTL ±15 90/500 ns 
250 ±10 LF13331 TTL ± 15 90/500 ns 
250 :!:10 LF13332 TTL ± 15 90/500 ns 
250 :!:10 LF13333 TTL ±15 90/500 ns 
280 :!: 7.5 CD4066 CMOS ±7.5 50/50 ns 
850 ±7.5 CD4016 CMOS ±7.5 20/20 ns 

TRIPLE SPOT 

280 I :!: 7.5 I CD4053 I CMOS I ±7.5 I 150/150 ns 

4·CHANNEL '. 

100 15mA AH5009 15V TTL. CMOS 150/300 ns 
150 5mA AH5010 TTL. CMOS 150/300 ns 

4·CHANNEL DIFFERENTIAL 

280 ±7.5 CD4052 CMOS ±7.5 150/150 ns 
350 12. -15 LF11509 TTL :!:15 1/0.2".s 
270 ±7.5 CD4529B CMOS ±7.5 50/50 ns. 

a·CHANNEL 

250·400 ±5 AM3705 TTL -15.5 300/600 ns 
350 12. -15 LF11508 TTL ±15 1/0.21'5 
270 ±7.5 CD4529B CMOS ±7.5 50/50 ns 
280 ±7.5 CD4501 CMOS ±7.5 150/150 ns 

"RON max @TA=25'C 
tVA" = maximum voltage or current to be safely switched 

. 
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Definition of Terms 
RON: Resistance between the output and the input of an 
addressed channel. 

Is: Current' at any switch input. This is leakage current 
when the switch is ON. 

10: Current at any switch Input going into the switch. This 
is leakage current when the switch is OFF. 

e s: Capacitance between any open terminal "S" and 
ground. 

eo: Capacitance between any open terminal "D" and 
. ground. 

6·4 

Analog Switches 

lo-Ig: Leakage current that flows from the closed switch 
into the body. this leakage is the difference between the 
current 10 going into the switch and the current Is going 
out of the switch. 

tRAN: Delay time when switching from one address state 
to another. 

tON: Delay time between the 50% points of an enable in· 
put and the switch ON condition. 

tOFF: Delay time between the 50% points of the enable in· 
put and the switch OFF condition . 
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Analog Switches 

AH5009, AH5010, AH5011,AH5012 Monolithic Analog 
Current Switches 
General Description 
A versatile family of monolithic JFET analog switches 
economically fulfills a wide variety of multiplexing 
and analog switching applications. 

Even numbered switches may be driven directly from 
standard 5V logic, whereas the odd numbered switches 
are intended for applications utilizing 10V or 15V logic. 
The monolithic construction guarantees tight resistance 
match and track. 

Applications 
• AD/DA converters 
• Micropower conve'rters 

• Industrial controllers 

• Position controllers 

• Data acquisition 

• Active filters 
• Signal multiplexers/demultiplexers 

Connection and Schematic Diagram.s 
Dual-In-Line Package 

• Multiple channel AGC 
• Quad compressors/expanders 

• Choppers/demodulators 
• Programmable gain amplifiers 
• High impedance voltage buffer 

• Sample and hold 
For voltage switching applications see LF13331, LF13332, 
and LF13333 Analog Switch Family. 

Features 
• Interfaces with standard TTL and CMOS 

• "ON" resistance match 

• Low "ON" resistance 

• Very low leakage 
• Large a'nalog signal range 

• High switching speed 
• Excellent isolation between 

channels 

2 ohms 

100 ohms 

50pA 

±10V peak 

150 ns 
SOdB 

at 1 kHz 

Dual-In-Line Package 

LOGIC DRIVE 
4 CHANNEL 4SPST 

5VTTL 
15VTTL 

TOP VIEW 

AH5009C and AH5010C 
MUX Switches 

(4-Channel Version Shown) 

Order Number AH5009CN or 
AH5010CN 

NS Package Number N14A 

100--+---' 

120-.... ---' 

COMMON DRAINS 

MUX 
AH5010CN 

AH5009CN 

Note: All diode cathodes are internallv connected to the substrate. 
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SWITCHES 

AH5012CN 
AH5011CN 

TOP VIEW 

AH5011C and AH5012C 
SPST Switch .. 

(Quad Version Shown) 

Order Number AH5011CN,or 
AH5012CN 

NS Package Number N16A 

120--+---' 

" 
130-.... ---' 

UNCOMNlrnD DRAINS 



-

Absolute Maxi,mum Ratings 

Input Voltage 
AHS009/AHS010/AHS011/AHS012 30V 

Positive Analog Signal Voltage 30V 
Negative Analog Signal Voltage -lSV 
Diode Current 10mA 
Drain Current 30mA 
Power Dissipation 500mW 
Operating Temperature Range -2SD C to +8SoC 

Storage Temperature Range -£5°C to +150°C 
Lead Temperature (Soldering, 10 seconds) . 300D C 

Electrical Characteristics 
AHS010 and AHS012 (Notes 1 and 2) 

PARAMETER CONDITIONS TYP MAX UNITS 

IGsx Input Current "OFF" 4.5V ~ VGO ~ llV, Vso = 0.7V 0.01 0.2 nA 

TA = 8SoC 10 nA 

1010FF) Leakage Current "OFF" Vso = 0.7\!, VGS = 3.8V 0.01 0.2 nA 

TA = 85°C 10 nA 

IGION) Leakage Current "ON" VGO = OV, Is = 1 mA 0.08 1 nA 

TA =8SoC 200 nA 

IGION ) Leakage Current "ON" VGO = OV,ls = 2 mA 0.13 5 nA 

TA = 85°C 10 JlA 

IGION) Leakage Current I'ON" VGO =OV,ls =-2mA 0.1 10 nA 

TA = 8SoC 20 JlA 

rOSION) Drain·Source Resistance VGS = 0.35V, Is = 2 mA gO lS0 n 
TA =+85°C 240 n 

VOIOOE Forward Diode Drop 
! 

10 =0.5mA 0.8 V 

rOSION) Match V GS = 0, 10 = 1 mA 4 20 n 

TON Turn "ON" Time See ac Test Circuit 150 500 ns 
-

TOFF Turn "OFF" Time See ac Test Circuit 300 500 ns 
, 

CT Cross Talk See ac Test Circuit 120 dB 

Note 1: Test conditions 25°C unless otherwise noted. 
Note 2: "OFF" and "ON" notation refers to the conduction state of the FET switch. 

! 
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Electrical Characteristics AH5009 and AH5011 

PARAMETER CONDITIONS TYP MAX UNITS 

IGSX Input Current "OFF" llV ~ VGO ~ 15V, Vso = O.7V 0.Q1 0.2 nA 

T A = 8SoC 10 nA 

10(OFF) Leakage Current "OFF" Vso = 0.7V, VGS = 10.3V 0.01 0.2 nA 

TA =8SoC 10 nA 

IG(ON) Leakage Current "ON" VGO = OV, Is = 1 mA 0.04 0.5 nA 

TA = 85°C 100 nA 

IG(ON) Leakage Current "ON" VGO = OV, Is = 2 mA 2 nA 

TA = 85°C 1 /JA 

IG(ON) Leakage Current "ON" VGO = OV, Is = -2 mA 5 nA 

TA = 85°C 2 /JA 

rOS(ON) Drain·Source Resistance VGS = 1.5V, Is = 2 mA 60 100 n 
TA =8SoC 160 n 

VOIOOE Forward Diode Drop 10 =0.5mA 0.8 V 

rOS(o,:!) . Match V GS = 0, 10 = 1 mA 10 n 

TON Turn "ON" Time See ac Test Circuit 150 500' ns 

TOFF Turn "OFF" Time· See ac Test Circuit 300 500 ns 

CT Cross Talk . See ac Test Circuit 120 dB 
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~ Test Circuits and Switching Time Waveforms 

::x: « 

Cross Talk Test Circuit 

+15V' 

10k 

-
6 

VOUT 
10k 

O.1ILF 

10k - ~ _. 
-1.5V 

Y,N 
20Vp .p 

+5Vor +15V 

Be Test Circuit 

+5V or+15V 

. VA =±10V 

OV 

VA = +10V VOUT ..... --+--0 (CL ~ 10 pF) 

OV 

D OV 

VA = -10V 
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Typical Performance Characteristics 

Parameter Interaction 

1000 =-~~~~~-~~~ .... 
VGStOfFI@VOS;;-15V,lo:::;-1 nA 
ros @lID =-1 mA, VGs =OV 
U,,@Vos;;-15V, Vas;; OV PULSED 

200 -ul..;:p IDSS+-t+++ttll 

100 'X" 

I---+--+JI-I-ttfltoo" 'DS 

20 1---+4-H-ttffl--t-H+I-++H 

10 

10 L.........lL..L/J...LJLilll_.J....JL..l..Jc.L.WI 1.0 
1.0 5 10 100 

·VGS GATE SOURCE CUTOFF VOLTAGE IV) 

"ON" Resistance, 'OS(ON) 
vs Temperature 

150 r-,--,--.-.,.-,--, 

OL.......~--'_~~_L-~ 

25 35 45 55 65 15 B5 

TEMPERATURE rc) 

Leakage Current vs 
Drain-Gate Voltage 

DRAIN·GATE VOLTAGE (V) 

Drain Current vs Bias 
Voltage 

-25 1'<1\-'--'--'--'--'---''---' 
~\-\t--+-+-7f-~:~~;:OV-

-20 TA ' 25°C -

1 ~\~-+-+-~-4-+--4 
~ ~1\~~+--+_~~~-1 ~ -15 \ \ 

~ \ 
2: -10 1\ 
~ \. \.. " -5 .... 

~I'.. 

1.0 2.0 • 3.0 

GATE-5DURCE VOLTAGE (V) 

10 

Leakage Current, IO(OFF) 
vs Temperature 

25'3545556515 

TEMPERATURE (OC) 

B5 

Cross Talk, CT vs Frequency 

-120 .-rTT11I1111'"OTrnn",rrrmrr-,-rmrm 
-lID H'fiIiIttI-+l-Httllf--Htit"V~A -.IOY 

-100 HffilHtk:ttHtffHfttHtftf-H-
;;; -90 H+HffiII--l'l.Hllllf--H+lIIIII--I+ 
:!! 
t; -BO HtHiIttI-+l-Htllll..:+ttitllll-tt 
~ -10 HtHiIttI-+I-Httllf-1'I.oolll-tt 
~ -60 HtHiIttI-+l-Httllf--H-HIlktt1f1ffit1 
~ -50 HtHiIttI-+l-Httllf-+t 
fi -40 HtHiIttI-+l-Httllf-+t 
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-3D H-ttltllll-ttl-lllIlI-+tHfHll-ttltllIIf 
-20 H-ttltllll-ttl-lllIlI-+tHfHll-ttltllIIf 
-10 L..J. ........ LWL...J....LJ..WJIL-LJ..I.ww. ....... J..W1W 

100 Ik 10k lOOk 

FREQUENCV 1Hz) 

Transconductance vs 
Drain Current 

1M 

100 [ffi2~11~~~HII 
TA ·25°C 
veG '" -5V 
f"1 kHz 

10~. 5~'-2V 
1 M.J4a,i ...... VGSlOFFI· 5V 

I 
~~~tOFFI=7.5V I 

-0.1 -1.0 

DRAIN CURRENT (mA) 

Normalized Drain 
Resistance vs Bias 
Voltage 

0.2 OA 0.6 O.B 

-10 

1.0 

IVGSIVGSIOFFII- NORMALIZED GATE
TO·SOURCE VOLTAGE (V) 
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Applications Information 

The,?ry of Operation 

The AH series of analog switches are primarily intended 
for operation in current mode switch applications; i.e., 
the drains of the FET switch are held at or near ground 
by operating into the summing junction of an opera
tional amplifier. Limiting the drain voltage to un'der a 
few hundred millivolt~ eliminates the need for a special 
gate driver, allowing the switches to be driven directly 
by standard TTL (AH50101. 5V-l0V CMOS (AH5010), 
open collector 15V TTL/CMOS (AH5009). 

Two basic switch configurations are available: 4 inde
pendent switches (SPST) and 4 pole switches used .for 
multiplexing. (4 PST-MUX). The MUX versions such as 
the AH5009 offer common drains and include a series 
FET operated at VGS = OV. The additional FET is 
placed in the feedback path in order to compensate for 
the "ON" resistance of the switch FET as shown in 
Figure 1. 

The closed-loop gain of Figure 1 is: 

AVCL 
R2 + rOSION)02 

Rl + rOSION)OI 

. For R 1 = R2, gain accuracy. is determined by the 
rOSION) match between 01 and 02. Typical match 
between 01 and 02 is 4 ohms resulting in a gain 
accuracy of 0.05% (for Rl = R2 = 10 kn). 

Noise Immunity 

The switches with the source diodes grounded exhibit 
improved noise immunity for positive analog signals' in 

ANALOG V 
INPUT A 

Al 
10k 

the "OFF" state. With V1N = 15V and the VA = 10V, 
the source of 01 is clamped to about 0.7V by the diode 
(VGS = 14.3V) ensuring that ac signals imposed on the 
l.OV will not gate the FET "ON." 

Selection of Gain Setting Resistors 

Since tl'le AH series of analog switches are operated 
current mode, it is generally advisable to make the signal 
current as large as possible. However, current through 
the FET switch tends to forward bias the source to gate 
junction and the signal shunting diode resulting in 
leakage through these junctions. As shown in Figure 2, 
IGION ) represents a finite error in the current reaching 
the summing junction of the op amp. 

Secondly, the rOSION) of the FET begins to "round" as 
Is approaches loss. A practical rule of thumb is to 
maintain Is at 'less than 1/10 of loss. 

Combining the criteria from the above discussion yields: 

or: 

VAIMAX) AD 
R1IMIN) > -----

- IGION ) 

> VAIMAX) 

- loss/10 

whichever is larger. 

A2 
10k 

>----"'-0 ANALOG 
OUTPUT 

(2a) 

(2b) 

FI GURE 1. Use of Compensation FET 

..... --, + IGIONI 

ID = Is - IGION) --

FIGURE 2. On Leakage Current. IG(ON) 
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Applications Information (Continued) 

Where: VA(MAX) Peak amplitude of the analog 
input signal 

Ao Desired accuracy 

IG(ON) leakage at a given Is 

loss Saturation current of the FET 
switch 

20 mA 

In a typical application, V A might = ±10V, Ao = 0.1 %, 
O°C S T A S 85°e. The criter.ion of equation (2b) 
predicts: 

10V 
Rl(MIN) ~ 

20 mA 
5 kn 

10 

For R 1 = 5k, Is ~ 1 OV 15k or 2 mAo The electrical 
characteristics guarantee an IG(oN) S l.uA at 85°e for 
the AH5010. Per the criterion of equation (2a): 

(10V)(10-3 ) 
Rl(MIN) ~ ~ 10 kn 

1 x 10-6 

Since equation (2a) predicts a higher value, the 10k 
resistor should be used. 

The "OFF" condition of the FET also affects gain 
accuracy. As shown in Figure 3, the leakage across Q2, 
IO(OFF) represents a finite error in the current arriving 
at the summing junction of the op amp. 

Accordingly: 

VA(MIN) Ao 
Rl(MAx) S 

(N) IO(OFFI 

Where: V A(MIN) 

Ao 

N 

IO(OFF) 

Minimum value for the analog 
input signal 

Desired accuracy 

Number of channels 

"OFF" leakage of a given FET 
switch 

As an example, if N = 10, Ao = 0.1%, and IO(OFF) 
:;;; 10 nA at 85°e for the AH5009. Rl(MAX) is: 

(IV)(10-3 ) 
Rl (MAX) < = 10k 

- (10)(10 x 10-ll) 

Selection of R2, of course, depends on the gain desired 
and for unity gain R 1 = R2. 

lastly, the foregoing discussion has ignored resistor 
tolerances, input bias current and offset voltage of the 
op amp-all of which should be considered in setting the 
overall gain accuracy of the circuit. 

TTL Compatibility 

Two input logic drive versions of AH series are avail· 
able: the even numbered part types are specified to be 
driven from standard 5V TTL logic and the odd num· 
bered types from 15V open collector TTL. 

10 '" Is + 10IOFF) ---

RI 
Q2 

"OFF" 

I~ 

FIGURE 3. 
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Applications Information (Continued) 

Standard TTL gates pull·up to about 3.5V (no load). 
In order to ensure turn·off of the even numbered switches 
such as AH5010, a pull·up res,istor, REXT' of at least 
10 kn should be placed between the 5V Vee and the 
gate output as shown in Figure 4. 

both cases, t(OFF) is improved for lower values of REXT 
at the expense of power dissipation in the low state. 

Definition of Terms 

Likewise, the open·collector, high voltage TTL outputs 
should use a pull·up resistor as shown in Figure 5. In 

The terms referred to in the electrical characteristics 
tables are as defined in Figure 6. 

r----------, 
I 
I 
I 
I 
I 
I 

I 
I 

I ' I 
I _ . .....: I 
~~~_' '_-_...:.J 

+5V 

ANALOG 
INPUT (VA) 

REXT 
12k 
TO 
10k) 

lOGIC 
INPUT 
IVIN) 

FIGURE 4. Interfacing with +5V TTL 

+5V OR +15V 

r-------, 
I I 
I I 
I I 
I I 
I I 

+15V 

ANALOG 
INPUT IVA) 

REXT 
12k TO 
10k) 

LOGIC 
INPUT 

IV;.) 

FIGURE 5. Interfacing with +15V Open Collector TTL 
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>-..... ~D ANALOG 
OUTPUT 

10k 
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OUTPUT 



Applications Information (Continued) 

R; 

SHUNT --'" 
ELEMENT 

Is 

ROSIONI COMPENSATING 
ELEMENT 

FIGURE 6. Definition of Terms 

Typical Applications 

De~Glitched Switch for Noiseless Audio Switching 

OFF 
5V R 

AUDIO RIN 
SIGNALQ---I\M_-........... 

INPUT 

6·13 

RC TVPICALL V 
(1 ms-10msl 

Rf 

> .... ~-oOUT 

» 
:::r:: 

~ ... 
» 
:::r:: g 
o ... 
» 
:::r:: 
en 
9 .... ... 
» 
:::r:: 
en 
9 
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C\I o Typical Applications (Continued) 
, II) 

::I: 
<C 30Channel Multiplexer with Sample and Hold 

\ 

ANALOG 
INPUTS 

10k 

10k I 
I 
I 

11 

L __ --. 

I 
I 

10k 

4 

_____ -1 
12 1 14 

I '-' ~~ 
CHANNEL 
·SELECT SAMPLEIHOLO 

SELECT 

CHARACTERISTICS: TYPICAL OUTPUT 
VOLTAGE DRIFT 
<5mVlIIC 

8·Bit Binary (BCD) Multiplying D/A Convertor' 

12.5k ,-------, 

I 
I 

26k I 

50k 

lOOk 

12.5k 

26k 

60k 

IDOl< 

20 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I -=- G8 I 
L_~5!!!!._.J 

FULL-SCALE ADJUSTMENT 
2. 

* Recommended resistor array connection for D/A .pplication 

v. 

1 16 r 
,.,......... 

40R B 

30R7 

SWITCH 
2 OR 6 CONNECTION 

8 9 

1 DRS 

2 Beckman rtlsistor amys 
Part#S9S·l·R lOOk 8 ncommandtd 

A, IGil1 +G212+G313+G4IC +" 

Mis + Gil. + G717 + Gila 
16 16 16 16 

Note: The switch is "ON" Men G illt OV 
ILogi,"0'1 
, .. VR 

R 

6·14 



Typical Applications (Continued) 

10k 

I 
I 
116 

elN 12 o-"M~>--"""--, 
I I 
I 13 I I.". 15 
L _____ .J 

I 
I 
I 8 

I 
I 
19 

6-15 

EOUT 

CHARACTERISTICS: ERROR = O.4"V TYPICAL@25°C 
lO"V TYPICAL @ 10°C 

Note: The analog switch between the op amp and the 16 input 
switches reduces the errors due to leakage. 

All resistors are 10k 

» 
:t 
CJ1 g 
P 
» :c: 
CJ1 g ... 
'" » :c: 
CJ1 o ... 
I\) 



Typical Applications (Continued) 
Gain Programmable Amplifier 

r 
I 
I 
I 
I 
I 
I 
I 
I 
I 

11 

I L_ 

IIIk 

GAIN SELECT '::" 

6-16 

>--"",-0 EOUT 

10k 

6 lOOk 

9 1M 

10M 

I 
~ CHARACTERISTICS: GAIN '" -E, OUT = Rn 

IN 

12 
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Quad SPST J FET Analog Switches 
LF11331/LF13331 4 Normally Open Switches with Disable 
LF11332/LF13332 4 Normally Closed Switches with Disable 

Analog Switches 

(~~000!/ ~ ~ ""'l~~' 

BI·FET Technologv 

LF11333/LF13333 2 Normally Closed Switches and 2 Normally Open Switches with Disable 
LF11201/LF13201 4 Normally Closed Switches 
LF11202lLF13202 4 Normally Open Switches 

General Description 
These devices are a monolithic combination of bipolar 
and JFET technology producing the industry's first 
one chip quad JFET switch. A unique circuit technique 
is employed to maintain a constant resistance over the 
analog voltage range of ±10V. The input is designed to 
operate from minimum TTL levels, and switch operation 
also ensures a break·before·make action. 

Features 
• Analog signals are not loaded 
• Constant "ON" resistance for signals up to ±1 OV and 

100 kHz 
• Pin compatible with CMOS switches with the advan· 

tage of blowout free handling 

• Small signal analog signals to 50 MHz 

• Break·before·make action tOFF < to N 

• High open switch isolation at 1.0 MHz -50 dB 

• Low leakage in "OFF" state' <1.0 nA 

• TIL, DTL, RTL compatibility 

• Single disable pin opens all switches in package on 
LF11331, LF11332, LF11333' 

• LF11201.is pin compatible with DG201 

These devices operate from ±15V supplies and swing a 
±10V analog signal. The JFET switches are designed for 
applications where a dc to medium frequency analog 
signal needs to be controlled. 

Connection Diagrams (Dual·ln·Line Packages) (All Switches Shown are For Logical "0") 

LFl1331/LF13331 LFl1332/LF13332 LFl1333/LF13333 
IN4 04 54 DISABLE+V;;;c 53 OJ IN J 

IN, 01 81 VR -VE~ 

TOPI/IEW 

IN, 01 51 V'" -Vn S2 Dl IN~ 

TOP VIEW 

LFl1201lLF13201 
54 +Vcc Ne S3 D3 

Order Number LF11201D, 
LF13201D, LFl1202D, 
LF13202D, LF11331D, 
LFl3331D, LFl1332D, 
LF13332D. LFl1333D. 

or LF13333D 
Se. NS Package D16C 

Order Number LF13201N, 
LF13202N,LF13331N,LF13332N, 

or LF13333N 
IN, 01 51 -\In V" SZ IN, See NS Package N16A 

TOP VIEW 

Test Circuit and Schematic Diagram 

J ... r-------, 
ANALOG-- Is DI _.~':. 

INPUTIV .... I 0 I ~ 1""* 
'~I ".Irl LDGrC------- __ ..J~ ':" 

INPUT V ____ _ 

(LOGIC ''0'' D.8~~ I, I IA 
IlOGIC"," 2.OVI I I 

L--fV!!.ri~-~ 
IUt_ISV Ict +15V • 

LOGIC 
IN 

"' 

TOP VIEW 

LF11202/LF13202 

IN, 01 SI -Vn V'" 52 02 IN, 

lOP VIEW 

R3 

VR -Vu 

FIGURE 1. Typical Circuit for One Switch FIGURE 2. Schematic Diagram (Normally Open) . 
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Absol ... te Maximum Ratings 
Positive Supply - Negative Supply (Vee-VEE) 36V Opera,ting Temperature Range 
Reference Voltage VEE:5:VR:5:Vee LFl1201, 2 and LFl1331, 2, 3 -55°C to -f125°C 
Logic Input Voltage VR -4.0V:5: V,N :5: VR +6.0V LF13201,2 and LF13331, 2, 3 O°C to +70·C 
Analog Voltage VEE :5: V A:5: Vee +6V; V A:5: VEE +36V Storage Temperature -55·C to +150·C 
Analog Current II AI<20mA Lead Temperature (Soldering, 10 seconds) 300·C 
Power Dissipation (Note 1) 

Molded DIP (N Suffix) 500mW 
Cavity DIP (0 Suffix) 900mW 

Electrical Characteristics (Note 2) 

, 
LF11331/2/3 LF13331/2/3 

SYMBOL PARAMETER CONDITIONS LF11201/2 LF13201/2 UNITS 

MIN TYP MAX MIN TYP MAX 

RON "ON" Resistance VA == 0,1 0 = 1 rnA TA =2SQ C 150 200 150 2S0 n 
200 300 200 3S0 n 

RON Match "ON" Resistance Matching TA =2SQ C 5 20 10 SO n 
VA Analog Range ±10 ±11 ±lO tIl V 

'StONI + Leakage Curre:nt in "ON" 'Condition Switch "ON," Vs ;;:: Vo = ±10V TA = 2SoC 0,3 S 0.3 10 nA 

IOION) 3 100 3 30 nA 

'SIOFF) Source Current in "OFF" Con'dition Switch '''OFF,'' Vs = +10V. TA = 25°C 0.4 S 0.4 10 nA 

Vo = -10V 3 100 3 30 nA 

IOCOFF) Drain Current in "OFF" Condition Switch "OFF," Vs = +lOV,. TA = 2SOC 0.1 S 0.1 10 nA 
, Vo = -10V 3 100 3 30 nA 

V1NH logica' "1" Input Voltage 2.0 2.0 V 

VINL Logical "0" Input Voltage 0.8 0.8 V 

IINH Logical "1" Input Current VIN =. 5V TA =25°C 3.6. 10 3.6 40 pA 

25 100 pA 

IINL Logical "0" Input Current VIN =0,8 TA = 2SoC 0.1 0.1 pA 

1 1 pA 

tON Delay Time "ON" Vs '" ±10V, (Figure 3) T A'" 25"C sao 500 ns 

tOFF Delay Time "OFF" Vs = ± lOV, (Figure 3) TA " 2SoC 90 90 ns 

tON -tOF F Break-Before·Make Vs =.:!.lOV, (F;gure3) TA "2S"C 80 80 ns 

CS(OFF) Source Capacitance Switch "OFF," Vs = ±10V TA=2SoC 4.0 4.0 pF 

COIOFFI Drain Capacitance Switch "OFF," VD = ±10V TA " 2SoC 3.0 3,0 pF 

CsIONI + Active Source and Drain Capacitance Switch "ON," Vs = Va = OV TA ·25·C 5.0 5.0 pF 

COIONI 

ISOIOFFI "OFF" Isolation (Figure 4), (Note 3) TA ·2SoC -50 -50 dB 

CT Crosstalk (Figure 4), (Note 3) TA =2S"C ~5 -66 dB 

SR Analog Slew Rate (Note 41 T~ = 2SoC 50 50 Vips 

loIS Disable Current (Figure 5J, {Note 51 TA =2S"C 0.4 1.0 0.6 1.5 rnA 

0.6 1.5 0.9 2.3 rnA 

lEE Negative Supply Current All Switches "OFF," Vs "" ±10V TA = 2SoC 3.0 S.O 4.3 7.0 rnA 

4.2 7.S 6.0 10.S rnA 

IA Reference Supply Current All Switches "OFF," Vs = ±lOV TA = 2SoC 2.0 4.0 2.7 SO rnA 

2.8 6.0 3.8 7.S rnA 

Icc Positive Supply Current All Switches "OFF," Vs = ±10V TA ·2SoC 4.5 6.0 7.0 9.0 rnA 

6.3 9.0 9.8 13.S rnA 

Note 1: For operating at high temperature the molded DIP products must be derated based on a +10a'C'maximum junction temperature and a 
thermal resistance of +150°C/W, devices in the cavity DIP are based on a +150°C maximum junction temperature and are, derated at +1,OO°C/W. 

Note 2: Unless otherwise specified, Vee = +15V, VEE = -15V, VR = OV, and limits apply for -55·C ::: TA ::: +125·C for the LFl1331, 2, 3 and 
the LF11202, 2,-2S·e::: TA::: +8S·C for the LF13331, 2, 3 and the LF13201, 2. . 

Note 3: These parameters are limited by the pin to pin capacitance of the package. 

Note 4: This is the analog signal slew rate above which the Signal is distorted as a result of finite internal slew rates. 

Note 5: All switches in the device are turned "OFF" by saturating a transist,,?r at the disable node as shown in Figure 5. The delav times will be 
approximately equal to the tON or tOFF plus the delay introduced by the external transistor. 
Note 6: This graph indicates the analog current at which 1% of the analog current is lost when the drain is positive with respect to the source. 

6-18 



Test Circuit and Typical Performance Curves 
Delay Time, Rise Time, Settling Time, and SWitching Transients 
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FIGURE 3. tON, tOFF Test Circuit and Waveforms for a Normallv Open Switch 
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Application Hints 

GENERAL INFORMATION 

These devices are monolithic quad JFET analog switches 
'with "QN" resistances which are essentially independent 
of analog voltage or analog current. The leakage currents 
are typically less than 1 nA at 25°C in both the "OFF" 
and "ON" switch .states and introduce negligible errors 
in most applications. Each switch is controlled by mini
mum TTL logic levels at its input and is designed to turn 
"OFF" faster than it will turn "ON." This prevents two 
analog sources from being transiently connected together' 
during switching. The switches were designed for appli· 
cations which require break:before-make action, no 
analog current loss, medium speed switching times and 
moderate analog currents. 

Because these analog switches are JFET rather than 
CMOS, they do not require special handling. 

LOGIC INPUTS 

The logic input (IN), of each switch, is referenced to two 
forward diode drops (1.4V at 25°C) from the reference 
supply (V R) which makes it compatible with DTL, RTL, 
and TTL logic families. For normal operation, the logic 
"0" voltage can range from O.BV to -4.0V with respect 
to VR and the logfc "1" voltage can range from 2.0V to 
6.0V with respect to V R, provided V IN is not greater 
than (Vee - 2,5V). If the input voltage is greater than 
(V ce - 2.5VI. the input current will increase., If the 
input voltage exceeds 6.0V or -4.0V with respect to 
V R, a resistor in series with the input should be used to 
limit the input current to less than 1001lA. 

ANALOG VOLTAGE AND CURRENT 

Analog Voltage 

Each switch has a constant "ON" resistance (RON) for 
analog voltages from (VeE + 5V) to (Vee - 5V). For 
analog voltages greater than (Vee - 5vi, the switch will 
remain ON independent of the logic input voltage. For 
analog voltages less than (VeE + 5V), the ON resistance 
of the switch will increase. Although the switch will not 
operate normally when the analog voltage is out of the 
previously mentioned range, the source voltage can go to 
either (Vee + 36V) 'or' (Vee + 6V), whichever is more 
positive, and can go as negative as Vee without destruc· 
tion. The drain (D), voltage can also go to either 
(Vee + 36V) or (Vee + 6VI. whichever is more posi
tive, and can go as negative as (Vee - 36V) without 
destruction, 

Analog Current 

With (he source (S) positive with respect to the drain 
(D), the RON is constant for low analog currents, but 
will increase at higher currents (>5mA) when the FET 
enters the saturation region, However, if the drain is 
positive with respect to the source and a small analog 
current loss at high analog currents (Note 6) is tolerable, 
a low RON can be maintained for analog currents greater 
than 5 mA at 25°C. 
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LEAKAGE CURRENTS 

The drain and ·source leakage currents, in both the ON 
and the OFF states of each switch, are typically less than 
1 nA at 25°C and less than 100 nA at 125°C. As shown 
in the typical curves, these leakage currents are depend· 
ent on power supply voltages, analog voltage, analog cur· 
rent and the source to drain voltage. ' 

DELAYTIMES 

The delay time OFF (tOFF) is essentially independent of 
,both the analog voltage and temperature. The delay time 
ON (tON) will decrease as either (Vee - V A) decreases 
or the temperature decreases. 

POWER SUPPLIES 

The voltage between the positive supply (Veel and 
either the negative supply (Vee) or the reference supply 
(V R) can be as much as 36V, To accommodate varia· 
tions in input logic reference voltages, V R can range 
from Vee to (Vee - 4.5Vl. Care should be taken to 
ensure that the power supply leads for the device never 
become reversed in polarity or that the device is never 
inadvertantly installed backwards in a test socket. If one 
of these conditions occurs, the supplies would zener an 
interal diode to an unlimited current; and result in a 
destroyed device. 

SWITCHING TRANSIENTS 

When a switch is turned OFF or ON, transients will 
appear at the load due to the internal transient voltage at 
the gate of the switch JFET being coupled to the drain 
and source by the junction capacitances of the JFET. 
The magnitude ,of these transients is dependent on the 
load. A lower value RL produces a lower transient volt· 
age. A negative transient occurs during the delay time 
ON, while a positive transient occurs du(ing the delay 
time OFF. These transients are relatively small when 
compared to faster switch families. 

DISABLE NODE 

This node can be used, as shown in Figure 5, to turn all 
the switches in the unit off independent of logic inputs. 
Normally, the node floats freely at an internal diode 
drop ('" 0.7V) above VR' When the external transistor in 
Figure 5 is saturated, the node is pulled very close to V R 
and the unit is disabled. Typically, the current from the 
node will be less than 1 mA. This feature is not availa· 
ble on the LF11201 or LF11202 series. 

FIGURE 5. Disable Function 
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Typical Applications (Continued) 
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Typical Applications (Continued) 
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~National 
~ Semiconductor 

Analog Switches 

BI-FET Technology 

LF11508/LF13508 8-Channel Analog Multiplexer 
LF11509/LF135094-Channel Differential Analog Multiplexer 
General Description 
The LFl1508/LF13508 is an 8-channel analog multi
plexer which connects the output to 1 of the 8 analog 
inputs depending on the state of a 3-bit binary address_ 
An enable control allows disconnecting the output, 
thereby providing a package select function_ 

This device is fabricated with National's BI-FET tech
nology which provides- ion-implanted JFETs for the 
analog switch on the same chip as the bipolar decode 
and switch drive circuitry_This technology makes 
possible low constant "ON" resistance with analog 
input voltage variations_ This device does not suffer 
from latch-up problems or static charge blow-out 
problems associated with similar CMOS parts_ The 
digital inputs are designed to operate from both TTL 
and CMOS levels while always providing a definite 
break-before-make action_ 

The LFl1509/LF13509 is a 4-channel differential analog 
multiplexer_ A 2-bit binary address will connect a pair 

Functional Diagrams and Truth Tables 

of independent analog inputs to one of any 4 pairs of 
independent analog outputs_ The device has all the 
features of the LFl1508 series and should be used 
whenever differential analog inputs are required_ 

Features 
• JF ET switches rather than CMOS 

• No static discharge blow-out problem 

1!1 No SCR latch-up problems 

• Analog signal range 11 V, -15V 

• Constant "ON" resistance for analog signals between 
-11V and l1V 

• "ON" resistance 380 n typ 

• Digital inputs compatible with TTL and CMOS 

• Output enable control 

• Break-before-make action: tOFF ~ 0_2 /lS; tON 
2 /lS typ 

• Lower leakage devices available 

LFl150B/LF1350B 

EN A2 AI AD 

EN A2 Al AD 
SWITCH 

ON 

-VEE H L L L 51 

H L L H 52 

H L H L 53 
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H L H H 54 

H H L L 55 
vee H H L H 56 

H' H H L 57 

H H H H 58 

S8 S1 S6 S5, S4 S3 S2 Sl 
L X X X NONE 

LFl1509/LF13509 

EN AI 

-VEE EN, Al AO 
SWITCH 
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L X X None 
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Vee H H L 53 
H H H 54 

D8 S4B S38 518 SIB S4A SJA 51A SIA DA 
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Absolute Maximum Ratings 

LF1150B, LF1350B, 

LF11509 LF13509 

Positive Supply - Negative Supply (Vee - VEE) 36V 36V 

Positive Analog Input Voltage (Note 1) Vee Vee 
Negative Analog Input Voltage (Note 1) -VEE -VEE 
Positive Digital Input Voltage Vee Vee 
Negative Digital Input Voltage -SV -SV 

Analog Switch eurrent 1151 < 10mA 1151< 10mA 

Power Dissipation (Po at 2So e) and Thermal 

Aesistance (OjA), (Note 2) 

Molded DIP (N) Po - SOOmW 

OjA - IS00e/W 

eavity DIP (D) .. Po 900mW \ 900mW 

°jA 1000e/W 1000e/W 

Maximum Junction Temperature (TjMAX) lSOoe 1000e 

Operating Temperature Range --<i5" e :s TA::; +12Soe O"e::;TA::;+700e 

Storage Temperature Range -6Soe to +lS00e -6Soe to +lS00e 

Lead Temperature (Soldering, 60 seconds) 3000e 30aOe 

Electrical Characteristics (Note 3) 

SYMBOL PARAMETER CONDITIONS 
LF11S08, LF11S09 LF13S08, LF13S09 

UNITS 

MIN TYP MAX MIN TYP MAX 

RON "ON" Resistance YOUTz OV,IS= 100pA TA = 25°C 380 SOD .380 650 n 
600 750 500 8S0 n 

"RON ARON with Analog Voltage -10V::; VOUT::; +10V, IS = 100 pA TA = 2Soc 0.01 1 0.01 1 % 
Swing 

RON Match RON Match Between Switches VOUT = OV,IS = 100pA TA = 2SoC 20 laO 20 1S0 n 
IS(OFF) I Source Current in "OFF" Switch "OFF", VS= 11, VO=-11, TA = 25°C 1 S nA 

Condition INote 4) 10 SO 0.09 SO nA 

IO(OFF) Drain Current in "OFF" Switch "OFF", Vs "" 11, VO"" -11. eTA· 25°C 10 20 nA 
Condition INote4) 25 SOD 0.6 500 nA 

IOION) Leakage Current in "ON" Switch "ON" Vo = l1V, INote4) TA = 25'C 10 20 nA 
Condition 35 500 1 500 nA 

VINH Digital "'" Input Voltage 2.0 2.0 V 

VINL Digital "0" Input Voltage 0.7 0.7 V 

IINL Digital "0" Input Current VIN = 0.7V TA = 25°C 1.5 20 1.5 30 pA 

40 40 pA 

IINLIEN) Digital "0" Enable Current VEN = 0.7V TA = 25·C 1.2 20 1.2 30 pA 

40 40 pA 

tTRAN Switching Time of Multiplexer (Figure 71, INote 5) TA = 25°C 2.0 3 1.8 ps 

tOPEN Break-Before·Make (Figure 31 TA = 25'C 1.6 1.6 ps 

tON(EN)' Enable Delay "ON" (Figure 21 TA = 25°C 1.6 1.6 ps 

tOFFIEN) Enable Delay "OFF" (Figure 21 TA = 25'C 0.2 0.2 ps 

ISOIOFF) "OFF" Isolation (Note 6) TA = 25°C --u6 --u6 dB 

CT Crosstalk LFl 1509 Series, INote 61 TA = 25'C --u6 --u6 dB 

CSIOFF) Source Capacitance ("OFF") Switch "OFF", VOUT = OV, TA = 25'C 2.2 2.2 pF 
Vs=OV 

COIOFF) Drain Capacitance ("OFF") Switch "OFF", Vo"UT = OV, TA = 25'C 11.4 11.4 pF 
VS=OV 

ICC Positive Supply Current All Digital Inputs urounded . TA=2SoC 7.4 10 7.4 12 rnA 

9.2 13 7.9 15 rnA 

lEE Negative Supply Current All Digital Inputs Grounded TA = 25°C 2.7 4.5 2.7 5 rnA 

2.9 5.5 2.8 6 rnA, 
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Notes 

Note 1: If the analog input voltage exceeds this limit, the input current should be limited to less than 10 mAo 
Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX, 0jA, and the 
ambient temperature, T A. The maximum available power dissipation at any temperature is PO= (TjMAX - TAI/OjA or the 25"C POMAX, which· 
ever is less. 
Note 3: These specifications apply for Vs = ±15V and over the absolute maximum operating temperature range (TL::; TA::5. TH) unless otherwise 
noted. 
Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11 V on the analog input may cause an "OF F" channel to 
turn "ON". 
Nota 5: Lots are sample tested to this parameter. The measurement conditions of Figure 1 insure worse case transition time. 

Note 6: "OFF" isolation is measured with all switches "OFF" and driving a source. Crosstalk is measured with a pair of switches "ON", driving 
channel A and measuring channel B. Rl = 200, Cl = 7 pF, Vs = 3 Vrms, f = 500 kHz. 

Connection Diagrams 

lF1150B/lF1350B 
Dual·ln·line Package 

LF11509/LF13509 
Dual-In-Line Package 
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AC Test Circuit and Switching Time Waveforms (Continued) 
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Typical Performance Characteristics 
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Application Hints 
The LF 11508 series is an 8-channel analog multiplexer 
which allows the connection of a single load to 1 of 8 
different analog inputs. These multiplexers incorporate 
JFETs in a switch configuration which insures a constant 
"ON" resistance' over the analog voltage ral')ge of the 
device. Four TTL compatible inputs are provided; a 
3-bit binary decode to. select a particlJlar channel and an 
enable input used as a package select. The switches 
operate with a break-before-make action preventing the' 
temporary .connection of 2 analog inputs during 
switching. Because these multiplexers are fabricated with 

· the BI-FET process rather than CMOS, they do not 
require special handling. 

The LF 11509 series is a 4-channel differential multi
plexer which allows two loads to be connected to 1 of 
4 different pairs of analog inputs. The LF11509 series 
also has all the features of the LF 11508. 

· ANALOG VOLTAGE AND CURRENT 

The "ON" resistance, RON, of the analog switches is 
constant over a wide input range from positive IVce! 
supply to negative I-VEE) supply. 

The analog input should not exceed either positive or 
negative supply . without I imiting the current to less 
than 10 mA; otherwise the multiplexer may get damaged. 
For proper operation, however, the positive analog 
voltage should be kept equal to or less than Vec - 4V 
as this will increase the switch leakage in both "ON" 
and "OFF" state and itmay also cause a false turn "ON" 
of a normally "OFF" switch. This limit applies over the 
full temperature range. 

The maximum allowable switch "ON" voltage Ithe drop 
across the switch in the "ON" condition) is ±O.4V over 
temperature. If this number is to exceed the input 
current should be limited to 10 mAo 

The "ON" resistance of the multiplexing switches 
varies slightly with analog current because they are 
JFETs running at OV gate to source. The JFET charac
teristics shown in Figure 4 indicates how RON tends 
to vary with current. A lower RON is possible when 
the source voltage is negative with respect to the drain 

· voltage because the JFET becomes ·enhanced. Caution 
should be used when operating in this mode as this 
may forward-bias an internal transistor and cause high 
currents to flow in the switches. Thus, the drain voltage 
should never be greater thaI') 0.4 V positive with respect 

s 
1.6 

~ 1.2 
-p 

ill 0 
a: 0.8 

V 
0.4 

". -
-2 -I 

VSD (VI 

to the source voltage without limiting the drain current 
to less than 1 0 mAo 

LEAKAGE CURRENTS 

Leakage currents will remain within the specified value 
as long as the drain and source remain within the speci
fied analog voltage range. As the switch terminals exceed 
the positive analog voltage range "ON" and "OFF" 
leakage curre'nts increase. The "ON" leakage increases 
due to an internal clamp required by the switch struc
ture. The "OFF" leakage increases because the gate to 
source reverse bias has been decreased to the point 
where the switch becomes active. Leakage currents vary 
slightly with analog voltage and will approximately 
double for every 10·C rise in temperature. 

SWITCHING TIMES AND TRANSIENTS 

These multiplexers operate with a break-before-make 
switch action. The tjJrn off time is much faster than 
the turn .on time to guarantee this feature over the full 
range of analog input voltage and temperature. Switching 
transients are introduced when a switch is turned "OFF". 
The ampl itude of these transients may be reduced by 
jncreasing the load' capacitance or decreasing the load 
resistance. T~e actual charge transfer in the transient 
may be reduced by operating on reduced power sup-

'plies. Examples of switching times and transients are 
shown in the typical characteristic curves. The enable 
function switching times are specified separately from 
switch-to-switch transition times and may be thought 
of as package-to-package transition times. 

LOGIC INPUTS AND ENABLE INPUT 

Switch selection in the LF11508 series is accomplished 
by using a 3-bit binary decode while the LF11509 series 
uses a 2~bit decode. These binary logic inputs are compa
tible with both TTL and CMOS logic voltage levels. 
The maximum positive voltage applied to these inputs 
may exceed VCC but should not exceed -VEE + 36V. 
The maximum negative voltage should not be less than 
4V below ground as this will cause an internal device to 
zener and all the ~witches will turn "ON". 

As shown in the schematic diagram, the logic low bias 
current will flow until the PNP input is raised above the 
3 diode reference I"" 2.1V). Above this voltage the input 
device becomes ~reverse 'biased and the input current 
drops to the leakage of the reverse biased junction 
I<O.Ip.A). . 

'j~~ l-
/' 

V 
0 / 

I 

-2 -I 

VSD (VI 

FIGURE 4. JFET Characteristics 
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Typical Applications 
DATA ACQUISITION SYSTEM 

A SIMPLIFIED SYSTEM DISCUSSION 

Analog multiplexers (MUX) are usually used for multi
channel Data Acquisition Units (DAU). Figure 5 shows a 
system in which 8 different analog inputs are sampled 
and converted into digital words for further processing. 
The sample and hord circuit is optional, depending on 

. input speed requirements and on A/D converter speed. 

Parameters characterizing the system are: 

System Channels: The number of multiplexer channels. 
Accuracy: The conversion accuracy of each individual 
sample with the system operating at the throughput rate. 

Speed or Throughput Rate: Number of samples/second/ 
channel the system can handle. ' 

For a discussion on system structure, addressing mode 
and processor interfacing, see application note AN-159. 

A. ACCURACY CONSIDERATIONS 

1. Multiplexer's Influence on System Accuracy (Fig
ure 6). 

a. The error, (El, caused by the finite "ON" resis
tance, RON, of the multiplexing switches 
is given by: 

100 
E(%) = where: 

1 + RIN/(RON + RS + ARON) 

RrN = following stage in.put impedance 
ARON = "ON" resistance modulation which is 
negligible for JFET switches like the LFl1508 

Example: Let RON ,= 450 n, ARON = 0, RS = 0, 
T A = 2SoC and allowable E = 0.01% which is 
equivalent to 1/2 LSB in a 12-bit system: 

RIN I _ RON (100-E)_ 
min ;- E - 4.5 Mn 

Note that if temperature effects are included, 
some gain (or full scale) drift will occur; but 
effects on linearity are small. 

b. Multiplexer settling time (ts): 

ts(ON): is the time required for the MUX output 
to settle within a predetermined accuracy, as 
shown in Table I. 

Cs (Figure 6): MUX output capacitance + fol
lowing stage input capacitance + any stray capaci
tance at this node. ' 

PRECONDITIONED 
ANALOG INPUTS } "BITOWORD 

TABLE I. 

ts(ON) ERROR % BrTS 
TO 1/2 LSB 

0.2 8 6.2t 
0.05 10 7.6t 
0.01 12 9t 
0.0008 16 11.8t 

t = Cs (RON + RS)IIRIN 

ts(OFF): is the time it takes to discharge Cs 
within a tolerable error. The "OFF" settling time 
should be taken into account for bipolar inputs 
where its effects will appear as a worse case 
doubling of the ts(ON). 

2. Sample and Hold Influence on System Accuracy 

The sample and hold, if used, also introduces 
errors into the system accuracy due to: 

• Offset voltage of sample and hold 

• Droop rate in the Hold mode 
• T A: Aperture time or time delay between the 

time of a digital Hold command and the actual 
Hold occurance 

• Taq: Acquisition time or time it takes to 
acquire an analog input and settle within a pre
determined error band 

• Hold step: Error created during the Sample to 
Hold mode caused by an undesirable charge 
injected into the Hold capacitor Ch. 

For more details on sample and hold errors, see 
the LF198/LF298/LF398 data sheet. 

3. A/D Converter Influence on System Accuracy 
The "a.ccuracy" of the A/D converter is the best 
possible system accuracy. In most data acquisi
tion systems, the A/D converter is the most expen
sive single component, so its error will often 
dominate system error. Care should be taken that 
MUX, S/H and input source errors do not exceed 
system error requirements when added to AID 
errors. For instance, if an 8-bit accuracy system 
is desired and an 8-bit AID converter is used, the 
accuracy of the MUX and S/H should be far 
better than 8 bits. 

For details on A/D converter specifications, see 
AN-156. 

V,N 

CONVERSION COMPLETE 

FIGURE 5. Random-Addressed, Multiplexed DAU FIGURE 6. B-Channel MUX 
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Typical Applications (Continued) 

B. SPEED CONSIDERATIONS 

In the system of Figure 5 with the S/H omitted, if n·bit 
accuracy is desired, the change of the analog input 
voltage should be less than ±1/2 LSB over the A/D con· 
version time TC. In other words, the analog input slew 
rate, (rate of change of input voltage), will cause a slew· 
induced error and its magnitude, with respect to the total 
system error, will depend on the particular application. 

AVIN I < ±112 LSB = VFS 

& 'TC ~xTC max , 

where VFS is the full scale voltage of the A/D. Note that 
slew induced errors are not affected by the MUX switch 
time since we can let the unit settle before starting 
conversion. 

Example:Let TC = 40 JlS (MM4357), VFS = 10V and 
n = 8. 

AVIN " At < 
max 

1 mV 

which is a very small number. Ala Vp·p sine wave of 
a frequency greater than 32 Hz will have higher slew 
rate than this. The maximum throughput rate of the 
above 8·channel system would be calculated using 
both the AID conversion time and the sum of MUX 
switch "ON" time and settling time, Le.: 

Th. R I = = 3k samples/sec/ 
max 8 (TC + TMux) channel 

TMUX = TON + TS(ON) 

Also notice that Nyquist sampling criteria would 
allow each channel to have a signal bandwidth of 
1.5 kHz max, while the slew limit dictates a maxi· 
mum frequency of 32 Hz. If the input signal has a 
peak·to·peak voltage less than 1 OV, the allowable 
maximum input frequency can be calculated by: 

(Slew Rate)max 
fMAX=----

rrVp·p 

On the other hand, if the input voltage is not band· 
limited a low pass filter with an attenuation of 30 dB or 
better at 1.5 kHz, should be connected in front of 
the MUX. 

1. Improving System Speed with a Sample and Hold 

The system speed can be improved by using the 
S/H shown in Figure 5. This allows a much greater 
rate of change of VIN. 

AVIN I VFS 
at < 

max 2n x TA 

6·34 

where T A is the aperture time of the S/H. This 
represents an input slew rate improvement by a 
factor: TCIT A .. Here again, the slew rate error is 
not affected by the acquisition time of the Sample 
and Hold since conversion will start after the S/H 
has settled. An important thing to notice is that 
the sample and hold errors will add to the total, 
system error budget; therefore, the inequality of 
the AV/N/At expression should become more 
stringent. 

Example: TC = 40 Jls,TA,:,O.5 JlS, n = 8: TCIT A = 80 

So the use of a S/H allows a speed improvement 
by nearly two orders of magnitude. 

The maximum throughput 'rate can be calculated by: 

Th. RI" 
, max 

Notice that TMUX does not affect the AVIN/At 
expression nor the throughput rate of the system since 
it may be switched and settled while the Sample and 

'Hold is in the Hold mode. This is true, provided that: 
TMUX<TA+TC· 

C. SYSTEM EXAMPLE (Figure 7) 

The LF398 StH with a 1000 pF hold capacitor, has an 
acquisition time of 4 Jls to 0.1% (1/4 LSB error for 8 
bits) and an aperture time of less than 200 JlS. On the 
other hand, after the hold command, the output will 
settle to ±0.05 mV in 1 Jls. This, together with t~e 
acquisition time, introduces approximately a ±1 /4 LSB 
error. Allowing another 1/4 LSB error for hold step 
and gain non·linearity, the maximum slew error (AVIN/ 
At) should not exceed 1/4 LSB or: 

AVIN 
-- < x -, x -- "" 5mV/Jls 

At -4 256 TA 

(which is the maximum slew rate of a 5 V peak sine 
wave. Also notice that, due to the above input slew 
restrictions, the analog delay caused by the finite BWof 
the S/H and the digital delay caused by the response 
time of the controller will be negligible. The maximum 
throughput rate of the system is: , 

Th, R I' - 1 - 2800 samples/sec/ 
max - 8 (5 + 40) 10--6 ch. 

If the system speed requirements are relaxed, but the 
A/D converter is still too slow, then an inexpensive S/H 
can be built by using just a capacitor and a low cost 
FET input op amp as shown in Figure 8. ' 



Typical Applications (Continued) 
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Typical Applications (Continued) 

D. DOUBLING THE SYSTEM CHANNEL CAPABI LlTY 

This is done in two different ways. First, we can use 
second level multiplexing with speed benefits, as shown 
in Figure 9. A fast 2-channel multiplexer, made by the 
dual analog switch AM 1 B2, accepts the outputs of -each 
8-channel MUX, LF13508, and then feeds them sequen
tially into an 8-bit successive approximation A/D conver
ter. With this technique, the throughput rate of the 
system can again be made independent of the the 
LF13508 speed. Looking at the timing diagram, when 
the A/D converter converts the analog value of an 
upper multiplexer channel, we switch channels in the 
lower multiplexer for the next conversion; This can be 
done provided that: . 

TMUX ~ TC + 1 CP 

The LF356 connected as unity. gain buffers are used 
because of the low input impedance of the AID; they 
are connected between multiplexers for speed optimi
zation. With a maximum clock frequency of 4.5 MHz: 

106 
Th. R = --- = 31.25k samples/sec/channel 

16 x 2 

and 

AAVtlN I < _'0 x -- --
max 256 21ls 

SAMPLE --, r
HOLO---W 

19.5 mV/lls for .10VFS 

15V -15V 

LF135D8 

EN AD Al A2 

CHANNEL SELECT 

An alternate way to increase the system channel is 
shown in Figure 10, where the enable pins are used to 
disable one MUX while the other is sampling. With this 
method, many B-channel multiplexers can be connected, 
but the parasitic capacitance at the common output 
node will keep increasing and will eventually degrade 
the settling time, ts(ON). Also, the MUX speed will now 
affect the system throughput. If, for instance, this 
method was used instead of second level multiplexing, 
the system of Figure 9 will lose half of its speed. If, 
however, speed is not the prime system requirement, 
the approach of Figure 10 is more cost effective. 

E. DIFFERENTIAL INPUT SYSTEMS 

Systems operating in industrial environments may 
require an instrumentation amplifier to separate the 
desired analog signal from any common-mode signal 
present. The LF 11509 was designed to provide 4 pairs of 
differential input signals to the input of an'instrumenta
tion amplifier for further process. A 4-channel precondi
tioning circuit is shown in Figure 11 and a complete 
system is shown in Figure 12. 

- - '-'TOA/O 

• The acquisi,tion time, T A, of the Sample,and Hold depends upon; RON, lOSS of switches, ZOUT of switches 

• lOSS'" 1.5 rnA, ZOUT = 40 kn 
• VIN = 10V, Ch = 1000 pF, TA = 20 I-IS to 0.1% 
• Error created bV charge iniection during Hold mode: aVE ~ 10 pF (14.5V-VIN)/Ch 

FIGURE 8. Inexpensive Sample and Hold 
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Typical Applications (Continued) 
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Typical Applications (Continued) 
15V -15V 
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FIGURE 10. A 16·Channel Multiplexer with Sequential Multiplexing 
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...... --4 .... 0-1.V 

• This scheme provides input offset adiust especially useful with high gain connections. The device, LF352, 
provides pins for output offset adjust. For more details, see LF352 data sheet. 

FIGURE 11. 4-Chartnel Differential Multiplexer with Auto Zeroed Instrumentetion Amplifier 
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Typical Applications (Continued) 
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• The LF352 instrumentation amplifier is auto zeroed during offset correction cycle of the LF13300 AID 
• The system accuracy will mostly depend on the instrumentation amplifier gain linearity 

FIGURE 12a. 4·Channel Differential Multiplexer Wit~ Auto Zeroed Instrumentation Amplifier and 12·8it AID Converter 
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FIGURE 12b. System Timing Diagram for Differential MUX 
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~ Schematic Diagrams 
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Schematic Diagrams (Continued) 
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LF198A LF398A LF198 LF398 

Accuracy (% Max) 0.01 0.Q1 0.02 0.02 
Gain/Offset Error 

Offset Voltage (mV Max) 2 3 5 10 

Droop Rate (mV/sec, 25°C) 
Cs =1000 pF 30 30 30 30 
Cs = 10000 pF 3 3 3 3 

Acquisition Time (,Ls, 25°C) 
Cs = 1000 pF 4 4 4 4 

Cs=10000 pF 20 20 20 20 

Aperture Time (ns, 25°C) 25 25 25 25 

Temperature Range (0C) -55to o to -55 to o to 
+ 125 +70 + 125 +70 

Comment Low Drift Low Drift General General 
Purpose Purpose 

\ 

-

j 
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LHOO23 LHOO23C 

0.01 0.02 

20 20 

100 100 
10 10 

10 10 
50 50 

150 150 

-55 to -25 to 
+ 125 +85 

Low Drift Low Drift 

LHOO43 

0.1 

40 

10 
1 

10 
50 

20 

-55 to 
+ 125 

Medium 
Speed 
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0.3 

40 
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Definition of Terms 
Acquisition Time: The time required to acquire a new 
analog input voltage with an output step of 1 OV. Note 
that acquisition time is not just the time required for 
the output to settle, but also includes the time required 
for all internal nodes to settle so that the output assumes 
the proper value when switched to the hold mode. 

Apenure Time: The delay required between "Hold" 
command and an input analog transition, so that the 
transition does not affect the held output. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time 
the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 
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Sample and Hold 

~ain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 

Hold Settling Time: The time required for the output 
to settle within 1 mV of final value after the "hold" 
logic command. 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold 
mode with a steady (dc) analog input voltage. Logic 
swing is 5V. 



~National 
~ Semiconductor 

Sample and Hold 

LF198/LF298/LF398, LF198A1LF398A 
Monolithic Sample and; Hold Circuits 
General Description 
The LF198/LF298/LF398 are monolithic sample and 
hold circuits which utilize BI-FET technology to obtain 
ultra-high dc accuracy with fast acquisition of signal and 
low droop rate. Operating as a unity gain follower, dc 
gain accuracy is 0.002% typical and acquisition time is 
as low as 61ls to 0.01 %. A bipolar input stage is used to 
achieve low offset voltage and wide bandwidth. Input 
offset adjust is accomplished with a single pin and does 
not degrade input offset drift. The wide bandwidth 
allows the LF 198 to be included inside the feedback 
loop of 1 MHz op amps without having stability 
problems. Input impedance of 1010n allows high 
source impedances to be used without degrading 
accuracy. 

P-channel junction FET's are combined with bipolar 
devices in the output amplifier to give droop rates as 
low as S mV Imin with a 11lF hold capacitor. The JFET's 
have much lower noise than MOS devices used in pre
vious designs and do not exhibit high temperature 
instabilities. The overall design guarantees no feed
through from input to output in the hold mode even 
for input signals equal to the supply voltages .. 

Functional Diagram OFFSET 

z 

Features 
• Operates from ±SV to ±18V supplies 

• Less than lOllS acquisition time 

• TTL, PMOS, CMOS compatible logic input 

• O.S mV typical hold step at Ch = O.OlIlF 

• Low input offset 

• 0.002% gain accuracy 

• Low output noise in hold mode 

•. Input characteristics do not change during hold mode 

• High supply rejection ratio in sample or hold 

II Wide bandwidth 

Logic inputs on the LF198 are fully differential with 
low input current, allowing direct connection to TTL, 
PMOS, and CMOS. Differential threshold is 1.4V. The 
LF198 will operate from ±SV to ±18V supplies. It is 
available in an 8-lead TO-S package. 

An "A" version is available with tightened electrical 
specifications. 
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Absolute Maximum Ratings 

Supply Voltage ±18V 
Power Dissipation (Package Limitation) (Note 1) SOOmW 
Operating Ambient Temperature Range 

LF198/LF198A -5SoC to ;t12SoC 

LF298 -25°C to +8SoC 

LF398/LF398A o"c to +70°C 

Storage Temperature Range -65°C to +lS0°C 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 
MIN 

Input Offset Voltage, (Note 6) Ti = 25°C 

full Temperature Range 

Input Bias Current, (Note 6) Ti = 25°C 
full Temperature Range 

Input Impedance Ti = 25°C 

Gain Error Ti = 25°C, RL = 10k 

full Temperature Range 

Feedthrough Attenuation Ratio, Ti = 25°C, Ch = O.D1ItF 86 

at 1 kHz 

Output Impedance Ti = 25°C, "HOLD" mode 

Full Temperature Rar:-ge 

"HOLD" Step, (Note 4) Ti = 25~C, Ch = O.D1I1F, VOUT = 0 

Supply Current, (Note 6) Tj<,:25°C 

Logic and Logic Reference Input Tj = 25°C 

Current 

Leakage Current into Hold Tj = 25°C, (Note 5) 

Capacitor (Note 6) Hold Mode 

Acquisition Time to 0.1 % AVOUT = 10V, Ch = 1000 pF 

Ch = O.OlI1F 

Hold Capacitor Charging Current VIN - VOUT = 2V 

Supply Voltage Rejection Ratio VOUT~O 80 

Differential Logic Threshold Tj = 2s"C 0.8 

7·6 

Input Voltage Equal to Supply Voltage 
Logic To Logie Reference Differential Voltage +7V,-30V 
(Note 2) 

< Output Short Circuit Duration Indefinite 
Hold Capacitor Short Circuit Duration 10 sec 
Lead Temperature (Soldering, 10 seconds) 300°C 

LF198/LF298 LF398 
UNITS 

TYP MAX MIN TYP MAX 

1 3 2 7 mV 

5 10 mV 

5 25 10 50 nA 

75 100 nA 

1010 1010 n 
0.002 0.005 0.004 0.01 % 

0.02 0.02 % 

96 80 90 dB 

0.5 2 0.5 4 n 
4 6 n 

0.5 2.0 1.0 2.5 mV 

4.5 5.5 4.5 6.5 rnA 

2 10 '2 10 IIA 

30 100 30 200 pA 

4 4 II' 
20 20 !IS 

5 5 rnA 

110 80 110 dB 

1.4 2.4 0.8 1.4 2.4 V 



Electrical Characteristics (Continued) (Note 3) 

LF198A LF398A 
UNITS PARAMETER CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage, (Note 61 Tj = 25'C mV 

Full Temperature Range 3 mV 

Input Bias Current, (Note 6) Tj = 25'C 25 10 25 nA 

Full Temperature Range 75 50 nA 

Input Impedance Tj = 25'C 1010 1010 n 
Gain Error Tj = 25'C, RL = 10k 0.002 0.005 0.004 .0.005 % 

Full Temperature Range 0.01 0.01 % 

Feedthroug~ Attenuation Ratio Tj = 25'C, Ch = O.D1"F 86 96 86 gO dB 

at 1 kHz 

Output Impedance Tj = 25'C, "HOLD" mode 0.5 0.5 n 
Full Temperature Range 4 n 

"HOLD" Step, INote 41 Tj = 25'C, Ch = O.D1"F, VOUT = 0 0.5 1.0 mV 

Supply Current, (Note 61 Tj:;:: 25'C 4,5 5.5 4.5 6.5 mA 

Logic and Logic Reference Input Tj = 25'C 10 2 10 "A 
Current 

Leakage Current into Hold Tj = 25'C, (Note 51 30 100 30 100 pA 

Capacitor IN.ote 61 Hold Mode 

Acquisition Time to 0.1 % l1VOUT = 10V, Ch = 1000 pF 4 6 4 lIS 

Ch = O.D1/.1F 20 25 20 25 ". 
Hold Capacitor Charging Current VIN - VOUT = 2V mA 

Supply Voltage Rejection Ratio VOUT=O gO 110 90 110 dB 

Differential Logic Threshold Tj = 25'C 0.8 1.4 2.4 0.8 1.4 2.4 V 

Not. 1: The maximum junction temperature of the LF198/LF198A is lS0'C, for the LF298, 115'C, and for the LF398/LF398A, 100°C. When 
operating at elevated ambient temperature, the power diSSipation must be derated based on a thermal resistance (9jA) of 150°CIW. 
Note 2: Although the differential voltage may not exceed the limits given, the common~mode voltage on the logiC pins may be equal to the 
supply voltages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below, 
the positive supply and 3V above the negative supply. 
Note 3: Unless otherwise specified, the following conditions apply. Unit is in "sample" mode, Vs = ±15V, Tj = 2S'C, -11.SV ~ VIN ~ +11.SV, 
Ch = O.Ol"F, and RL = 10 kn. Logic reference voltage = OV and logic voltage = 2.5V. 
Note 4: Hold step is sensitive to stray capacitive coupling between input logic Signals and the hold capacitor. 1 pF, for instance, will create an 
additional O.S mV step with a SV logic swing and a 0.01"F hold capacitor. Magnitude of the hold step is inve".ly proportional to hold capaci
tor value. 
Note 5: Leakage current is measured at a junction temperature of 25°C. The effects of junction temperature rise due to power dissipation or 
elevated ambient can be calculated by doubling the 2SQ C value for e8ch 11°C increase in chip temperature. Leakage is guaranteed over full input 
signal range. 
Note 6: These parameters guaranteed over a supply voltage range of ±5 to ±18V. 
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Typical Performance Chara~teristics (Continued) 

Output Droop Rate 

~ 

~ 10-2 

~ 
10-3 

10-4 

100 pF' 1000 pF O.01,.;F O.1/.!F 'jJF 

HOLD CAPACITOR 

Leakage Current into Hold 
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VOUT - 0 
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Application Hints 
Hold Capacitor 

Hold step, acquisition time, and droop rate are the 
major trade·offs in the selection of a hold capacitor 
value. Size and cost may also become important for 
larger values. Use of the curves included with this data 
sheet should be helpful in selecting a reasonable value 
of capacitance. Keep in mind that for fast repetition 
rates or tracking fast signals, the capacitor drive currents 
may cause a significant temperature rise in the LF 198. 

A significant source of error in an accurate sample and 
hold circuit is dielectric absorption in the hold capacitor. 
A mylar cap, for instance, may "sag back" up to 0.2% 
after a quick change in voltage. A long "soak" time is 
required before the circuit can be put back into the 
hold mode with this type of capacitor. Dielectrics with 
very low hysteresis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and polycarbonate 
are not nearly as good. Ceramic is unusable with> 1 % 
hysteresis. The advantage of polypropylene over poly· 
styrene is that it extends the maximum ambient tempera· 
ture from 85°C to 100°C. "NPO" or "COG" capacitors 
are now available for 125°C operation and also have low 
dielectric absorption. For more exact data, see the 
'curve labeled dielectric absorption error vs sample time. 
The hysteresis numbers on the curve are final values, 
taken after full relaxation. The hysteresis error can be 
significantly reduced if the output of the LF198 is 
digitized quickly afterthe hold mode is initiated. The 
hysteresis relaxation time constant in polypropylene, 
for instance, is 10-50 ms. If A·to·D conversion can be 
made within 1 ms, hysteresis error will be reduced by a 
factor of ten. 

DC and AC Zeroing 

DC zeroing is accomplished by connecting the offset 
adjust pin to the wiper of a 1 kn potentiometer which 
has one end tied to V+ and the other end tied through a 
resistor to ground. The resistor should be selected to 
give ",,0.6 mA through the 1 k potentiometer. 

I 

AC zeroing (hold step zeroing) can be obtained by 
adding an inverter with the adjustment pot tied input 
to output. A 10 pF capacitor from the wiper to the 
hold capacitor will give ±4 mV hold step adjustment 
with a O.Ol/lF hold capacitor and 5V logic supply. 
For larger logic swings, a smaller capacitor « 10 pF1 
may be used. 

Logic Rise Time 

For proper operation, logic signals into the LF 198 must 
have a minimum dV Idt of 1.0 V lits. Slower signals will 
cause excessive hold step. If a RIC network is used in 
front of the logic input for Signal delay, calculate the 
slope of the waveform at the threshold point to ensure 
that it is at least 1.0 V l/ls. 

Sampling Dynamic Signals 

Sample error due to moving input signals probably 
causes more confusion among sample·and-hold users 
than any other parameter. The primary reason for this 
is that many users make the assumption that the sample 
and hold amplifier is truly locked on to the input signal 
while in the sample mode. In actuality, there are finite 

7·9 

phase delays through the circuit creating an input·output 
, differential for fast moving signals. In addition, although 

the output may have settled, the hold capacitor has an 
additional lag due to the 300.0 series resistor on the chip. 
This means that at the moment the "hold" command 
arrives, the hold capacitor voltage may be somewhat 
different than the actual analog input. The effect of 
these delays is opposite to the effect created by delays 
in the logic which switches the circuit from sample to 
hold. For example, consider an analog input of 20 Vp·p 
at 10 kHz. Maximum dV Idt is 0.6 V l/ls. With no analog 
phase delay and 100 ns logic delay, one could expect 
up to (0.1/ls)(0.6VI/ls) = 60 mV error if the "hold" 
signal arrived near maximum dV Idt of the input. A 
positive·going input would give a +60 mV error. Now 
assume a 1 MHz (3 dB) bandwidth for the overall analog 
loop. This generates a phase delay of 160 ns. If the hold 
capacitor sees this exact delay, then error due to analog 
delay will be (0.16/ls)(0.6 VI/ls) = -96 mV. Total out· 
put error is +60 mV (digital) -96 mV (analog) for a 
total of -36 mV. To add t: the confusion, analog delay 
is proportional to hold capacitor value while digital 
delay remains constant. A family of curves (dynamic 
sampling error) is included to help estimate errors. 

A curve labeled Aperture Time has been included for 
sampling conditions where the input is steady during 
the sampl ing period, but ·may experience a sudden 
change nearly coincident with the "hold" cOrT]mand. 
This curve is based on a 1 mV error fed into the output. 

A second curve, Hold Settling Time indicates the time 
required for the output to settle to 1 mV after the 
"hold" command. 

Digital Feedthrough 

Fast rise time logic signals can cause hold errors by 
feeding externally into the analog input at the same 
time the amplifier is put into the hold mode. To mini· 
mize this problem, board layout should keep logic lines 
as far as possible from the analog input. Grounded 
guarding traces may also be used around the input 
line, especially if it is driven from a high impedance 
source. Reducing high amplitude logic signals to 2.5V 
will also help. 

GUARD TOP AND 
BOTTOM OF BOARD 

Guarding Technique 

BOTTOM VIEW 
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Use 10-pin layout. Guard around Ch is tied to output. 
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Logic Input Configurations 

Threshold = 1.4V 

Threshold = 0.6 (V+) + I.4V 

+13~ D :MPLE B.2k 

_13J-LHOLO 

Threshold'" +4 V 

4.7k 

Typical Applications (Continued) 

X1DDO Semple & Hold 

OFi::~ If .... -'\~,,~,..,.. ... ......;'"'' 
AOJUST~ 

-15V 

TTL & CMOS 
3V :::; VL (Hi Statel:::; 7V 

CMOS 

Threshold = 1.4V 
'Select for 2.BV at pin B 

Rl* 

2.BV 

R2 
5.6k 

7V :::; VL (Hi Statel:::; 15V 

20k 
20k 

n HOLO 

.-J LSAMPLE 30k 

Threshold = 0.6 (V+) - 1.4V 

OpAmp Drive 

+13VR
OLO -= B.2k 

-13~ - -~AM-P'-LE--VV'll--·4.7k 
Threshold = -4V 

Sample and Difference Circuit 
(Output Follows Input in Hold Model 

VOUT 

O.Ol/-1F 

VIN ~ .... "",..,.+--_ .... 
.n.RESET 

TRACK 

VOUT 

VOUT· vB + ~V!N (HOLD MODE) 

"For lower gains, the LM10B must be frequency compensated 
100 

Use 1'1::1' - pF from comp 2 to ground 
AV 
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Typical Applications (Continued) 

RESET 

Ramp Generator with Variable Roset Le.el 

RESET 
LEVEL 
INPUT 

-15V 

15V 
RI 

B.2k 

5V-" 
OV.....J L

RAMP 

AV 12V 
·Select for ramp rate - = 

R ;:: 10k AT (R2I!Ch) 

Output Holds at Average of 
S;ompled Input 

v+ 

INPUT OUTPUT 

1 
Select (Rh)(Ch) » 

. 2"f1N (Min) 

Reset Stabilized Amplifier (Gain of 1000) 
lk 1M' 
1%. 1% 

Integrator with Programmable 
Reset Level 

y+ 

01 
LMllJ RESET 
1.2V LEVEL OUTPUT 

INPUT 
OUTPUT 

RZ 

RESET::rL 
.2ook 

1% 
INTEGRATE 

Rl 

"",urn-I 1M 
INTEGRATING 1% 

INPUT 

RJ 
1M 
1% 

VOUT (Hold Mode) = 
[(R1 )l(Ch) J: VINd t] + [v ] 2:k R 1% 

Increased Slew Current 

c OZ 
h~'N457 , 

Fast Acquisition, Low Droop Sample & Hold 

OUTPUT 

>=-4 .... ----... -0 OUTPUT 

INPUT 

5V-" 
DV.....J L---l I-RESET PULSE 

;;::2ms 

ZOOk 
1% 

Vos 5. 20l'V (No trim) 

ZIN"'l Mil 
AVOS . 
-- '" 301'V/sec 

At 

AVOS 
--"'O.lI'VrC 

AT 

-15V 
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· Typical Applications (Continued) 

Synchronous CorMltor for Recovering 
Signals Below No_ Level 

.A .A. ~\GNAL 

.. -V V NPUT 

SYNCHRONOUS 
CLOCK INPUT 

.Jl..["" 

R4 
500 

TO SCOPE SWEEP 
OUTPUT. SCALE R3 

TO OBTAIN ~ 0 TO 3Y 
AT PIN 6. 

I 7 

5 10 

DC 8< AC Zeroing 

OC 
YOS 

ZERO 15V 

15Y 

R5 
12k 

R6 
20k 

C3 
470pF 

OUTPUT FREQUENCV 
SET BV SWEEP RATE 

~--~~~--"<>O~ 

1 2 8 1 

LM122H 
TIMER 

4 6 5 10 

NC 

--j rIO .. 
10k Jl 

4.7k 

'Select Cl to filter lowest frequency 
component of input noise 

"Select C2 @ '" 5 x 10-6/f IN 

RESET 
5Y-n 

.0y...J L-

CLOCK 

Rl 
4.1k 

2-<:hannel Switch 

"A" INPUT 

"A" SELECT 
5Y-n 

OY...J L
"8" SELECT 

Gain 

ZIN 
BW 

Crosstalk 
@ 1 kHz 

Offset 

15V 

A 

1 ±0.02% 
1010n 

~1 MHz 

-90 dB 

S6mV 

Staircase Generator 

15V 

"B"INPUT 

Ii 

1 ±0.2% 

47 kn 

"'400 kHz 

-90dS 

S75mV 

> ..... -"1'---.. -0 OUTPUT 

03 
LM113 
I.2V 

R6" 
50k 

::~'o-------.-~-.~~-t 

7-12 

RI 
12k 

R5 
11k 

.. oI\I'V'-.-4I .... O 16Y 

'Select for step height 
5Ok-+ ~ lV Step 



Typical Applications (Continued) 

Capacitor Hysteresis Compensation 

INPUT ;>."--..... -0 OUTPUT 

LOGIC 

Ch 

RZ 
ZOOk 

R1 
ZOOk 

to'Select for time constant Cl = ~ 
lOOk 

**Adjust for amplitude 

Definition of Terms 
Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold 
mode with a steady (de) analog input voltage. Logic 
swing is 5V. 

Acquisition Time: The time required to acquire a new 
analog input voltage with an output step of 10V. Note 
that acquisition time is not just the time required for 
the output to settle. but also includes the time required 
for all internal nodes to settle so that the output assumes 
the proper value when switched to the hold 'mode. 

Gain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a per cent 
difference. 

Connection Diagrams 

Dual·ln·Line Package 

v' LOGIC 

OFFSET Z 7 LOGIC 
ADJUST REFERENCE 

INPUT Ch 

V- OUTPUT 

TOP VIEW. 

Order Number LF398N or LF398AN 
Sea NS Package N08A 

( 
7·13 

...1.. 
Vs -=-

T 

Differential Hold 

JL 

:VSWHEN IN 
HOLD MDOE 

:IVS' VCMI WHEN IN 
SAMPLE MODE 

Hold Settling Time: The time required for the output 
to settle within 1 mV of final value after the "hold" 
logic command. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time 
the hold command is given. Error is expressed in m V 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 

Aperture Time: The delay requfred between "Hold" 
command and an input analog transition. so that the 
transition does not affect the held output. 

Metel.Can Peckage 

LOGIC 

OFFSET 
ADJUST 

v-

TOP VIEW 

Order Number LF198H. LF298H. LF398H. 
LF198AH or LF398AH 

. Sea NS Package H08C 
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Sample and Hold 

LH0023/LH0023C, LH0043/LH0043C Sample 
and Hold Circuits 
General Description 
The LHOO23/LHOO23C and LH0043/LH0043C 
are complete sample and hold circuits including 
input buffer amplifier, F ET output amplifier, 
analog signal sampling gate, TTL compatible logic 
circuitry and level shifting. They are designed to 
operate from standard ±15V DC supplies, but 
provision is made on the LH0023/LH0023C for 
connection of a separate +5V logic supply in 
minimum noise applications. The principal differ
ence between the LH0023/LHOO23C and the 
LH0043/LH0043C is a 10: 1 trade-off in perfor
mance on sample accuracy vs sample acquisition 
~ime. Device,s are pin compatible except that TTL 
logic is inverted between the two types. . 

The LH0023/LH0023C and LH0043/LH0043C 
are ideally suited for a wide variety of sample and 

Features 
LH0023/LH0023C 

• Sample accuracy-O.Ol% max 
• Hold drift rate-0.5 mV /sec typ 
• Sampie acquisition time-l 00 ps max for 20V 
• Aperture time-150 ns typ 
• Wide analog range-±10V min 
• Logic input-TTL/DTL 
• Offset adjustable to zero with single 10k pot 
• Output short circuit proof 

Block and Connection Diagrams 
LH0023/LH0023C 

hold applications including data acquisition, 
analog to digital conversion, synchronous demodu
lation, 'and automatic test setup. They offer 

. significant cost and size reduction over equivalent 
module or discrete designs. Each device is available 
in a hermetic TO-B package and are completely 
specified over both full military and instrument 
temperature ranges. 

The LH0023 and LH0043 are specified for opera
tion over the _55°C to +125°C military tempera
ture range. The LH0023C and LH0043C are 
specified for operation over the ~25°C to +B5°C 
temperature range. 

Features 
. LH0043/LH0043C 

• Sample acquisition time-15 ps max for 20V 
4 ps typ for 5V 

• Aperture time-20 nS typ 
• Hold drift rate-l mV /sec typ 
.• Sample accuracy-O.l% max 
• Wide analog range-±10V min 
• Logic input-TTL/DTL 
• Offset adjustable to zero with single 10k pot 
• Output short circuit proof 

LH0043/LH0043C . 

*Tie'oropef1tlon 
withY+"'15Vonlv 

Order Number LH0023G or 
LH0023CG or LH0043G or 

LH0043CG 
" l1N'V1EW 

See Package H 128 
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Absolute Maximum Ratings 

Supply Voltage (V' and V-I ±20V 
Logic S'upply Voltage (Vee) LH0023, LHOO23C +7.0V 
Logic Input Voltage (Vs ) +5.5V 
Analog Input Voltage (Vs ) ±15V 

Power Dissipation See graph 
Output Short Circuit Duration Continuous 

Operating Temperature Range LH0023, LHOO43 _55°C to +125°C 

LH0023C, LHOO43C _25° C to +85° C 

Storage Temperature Range _65°C to +150°C 

Lead Soldering (10 sec) 300°C 

Electrical Characteristics LH0023/LH0023C (Note 1 ) 

LIMITS 

PARAMETER CONDITIONS LHOO23 LHOO23C UNITS 

MIN TYP MAX MIN TYP MAX 

~ 

Sample (Logic "1 "I Vee = 4,SV 2.0 2.0 V 
Input Voltage 

Sample (Logic "1"1 V6 = 2AV, Vee = S.5V 5.0 5.0 p,A 

Input Current 

Hold (Logic "0" I Vee = 4,5V 0,8 0,8 V 

Input Voltage 

Hold (Logic "0" I V6 = OAV, Vee = 5.SV 0,5 0,5 mA 
Input Current 

Analog Input ±10 ±11 ±10 ±11 V 
Voltage Range 

Supply Current - 1'0 Vs "OV,V6 =2V, 4.5 6 4.5 6 mA 

V" = OV 
Supply Current - 1'2 Vs = OV. V. = OAV, 4.5 6 4.5 6 mA 

V" = OV 

Supply Current - la Va =5,OV, Vs =0 1.0 1.6 1.0 1.6 mA 

Sample Accuracy V OUT = ±10V (Full Scalel 0.002 0.01 0.002 0.02 % 

DC Input Resistance Sample Mode 500 1000 300 1000 kn 
Hold Mode 20 25 20 25 kn 

Input Current - Is Sample Mode 0.2 1.0 0,3 1.5 p,A 

Input Capacitance 3.0 3.0 pF 

Leakage Current - Vs = ±10V; V" = ±10V, 10.0 200 20.0 500 pA 

pin 1 TA = 25°C 
V~ = ±10V; V" =±lOV 2.5 2 nA 

-
Drift Rate VOUT = ±5V, Cs = 0,01 p,F, 0.5 0.5 mV/s 

TA = 25°C 

Drift Rate VauT = ±10V. 1.0 20 2.0 50 mV/s 

Cs = om p,F, T A = 25°C 

Drift Rate Vau': = ±10V, 0.50 0.2 mV/ms 

Cs " om p,F 

Aperture Time 150 150 ns 

Sampie Acquisition .c.VauT = 20V, 50 100 SO 100 p,s 

Time Cs = 0:01 p,F 

Output Amplifier 1.5 3.0 1.5 3.0 V/p,s 

Slew Rate 

Output Offset Voltage Rs:S; 10k, Vs = OV, ±20 ±20 mV 

(without nulll Va = 2.0V 

Analog Voltage RL ~ 1 k, T A = 2Soc ±10 ±11 ±10 ±11 V 

Output Range RL >2k ±10 ±12 '±10 ±12 V 

Note 1: Unless oth~rw;se noted, these specifications apply for V+ = +15V. Vee = +5V. V- = -15V, pin 9 grounded. a 
O.OlJ.lF capacitor connected between pin 1 and ground over the temperature range -5SoC to +12SoC for the LH0023, and 
-25°C to 'S5°C lor the LH0023C. All typical values are lor T A = 2SoC. 
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Electrical Characteristics LH0043/LH0043C: (Note 2) 

LIMITS 

CONDITIONS 
·LH0043 

PARAMETER 
LH0043C 

UNITS 
MIN TYP MAX MIN TYP MAX 

Hold (Logic "I") 2.0 2.0 V 
Input Voltage 

Hold (Logic "I") V6=2.4V 5.0 5.0 IJA 
Input Current 

Sample (Logic "0") 0.8 0.8 V 
Input Voltage 

Sample (Logic "0") V6 =0.4V 1.5 1.5 mA 
Input Current 

Analog Input ±10 :Ell ±10 ±11 .V 

Voltage Range 

Supply Current V5=OV,V6=2V,V" =OV 20 22 20 22 mA 
V5 = OV, V6 = OAV, 14 18 14 18 mA 
V" =OV 

Sample Accuracy VOUT = ±10V (Full Scalel 0.02 0.1 0.02 0.3 % 

DC Input Resistance Te = 25°C 10'0 10'2 10'0 10'2 n 
Input Current - 15 1.0 5.0 2.0 10.0 nA 

Input Capacitance 1.5 1.5 pF 

Leakage Current- V5 = ±10V; V" = ±10, 10 25 20 50 pA 
pin 1 T e = 25°C 

V5 = ±10V; V" = tl0V 10 25 2 5 nA 

Drift Rate VOUT = ±10V, Cs = 0.001 IJF, 10 25 20 50 mV/s 
Te = 2SoC 

Drift Rate VOUT = ±10V, Cs = O.OO1IJF 10 25 2 5 mV/ms 

Drift Rate VOUT = ±10V, Cs = O.OlIJF, 
Te = 25°C 

1 2.5 2 5 mV/s 

Drift Rate VOUT = ±10V, Cs = O.OlIJF 1 2.5 0.2 0.5 mV/ms 

Aperture Time 20· 60 20 60 ris 

Sample Acquisition ~VOUT = 20V, Cs = O.OOlIJF 10 15 10 15 IJS 
Time ~VOUT = 20V, Cs = O.OlIJF \ 30 50 30 50 IJS 

. ~VOUT= 5V, Cs = O.OOlIJF 4 4 IJs 

Output Amplifier VOUT = 5V, Cs = O.OOlIJF 1.5 3.0 1.5 3.0 V/lJs 
Slew Rate 

Output Offset Voltage Rs~ 10k, V5 =OV, V6 =OV ±40 ±40 mV 
(without null) . 

Analog Voltage RL 21k, TA = 25°C tl0 ±11 ±10 ±11 V 
Output Range RL22k ±10 ±12 ±10 ±12 V 

Note 2: Unless otherWise noted. these ·specifications apply for V+ = +15V, V- == -15V, pin 9 grounded, a 5000 pF capacitor 
connefted between pin 1 and ground over the temperature range -5SoC to +12SoC for the LH0043, and -25°C to +8SoC 
for the LH0043C. All typical values are for TC = 25°C. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Note 1: Cl IS polystyrene. 
Note 2: &2, C3, C4 IfII Clrmic: disc.. 
Note 3: Jumper 1-8 Ind C4 not nquirld for LH0D43. 
Note 4: R1 optionll ifnro trim is r!quired. 

How to Build a Sample and Hold Module 
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Typical Applications (Continued) 
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-See op amp selection guide for details. Mast popular tVpes Include LH0052, LM10~. LM112. LHD044. LHOO36. and LHOO38. 
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Schematic Diagrams 

u"",' tnn 

~:;~~ o· --014--..... -{ 

LH0043/LH0043C 

. 
no 

UWUHP'G 
""U1 

LH0023/LH0023C 

7·19 

" L_--+-..... -i>-<>CUTPUl 



i 
:::r::: 
..J 

~ o. 
:::r::: 
..J 

o 
C") 

8 
:::r::: 
..J 
c;; 

8 
:::r::: 
..J 

Applicati~ns Information 
1.0 Drift Error Minimization 

In order to minimize drift error, care in selection 
of Cs and layout of the printed circuit board is 
required. The capacitor should be of high quality 
Teflon, polycarbonate, or polystyrene construc· 
tion. Board cleanl iness and layout are critical 
particularly at elevated temperatures. See AN·63 
for detailed recommendations. A guard conductor 
connected to the output surrounding the storage 
node (pin 1) will be helpful in meeting severe 
environmental conditions which would otherwise 
cause leakage across the printed circuit board. 

2.0 Capacitor Selection 

The size of the capacitor is dictated by the reo 
quired drift rate and acquisition time. The drift is 
determined by the leakage current at pin 1 and 

dV IL 
may be calculated by Cit = Cs ' where I L is the 

total leakage current at pin 1 of the device, and 
Cs is the value of the storage capacitor . 

2.1 Capacitor Selection - LH0023 

At I room temperature leakage current for the 
LH0023 is approximately 100 pA. A drift rate of 
10 mV Isec would require a O.OlIlF capacitor. 

For values of Cs up to 0.01 IlF the acquisition 
time is limited by the slew rate of the input buffer 
amplifier, A 1, typically 0.5 V/lls. Beyond this 
point, current availability to charge Cs also enters 
the picture. The acquisition time is given by: 

where: R = the internal resistance in series with Cs 

.o.eo = change in voltage sampled 

An average value for R is approximately 
600 ohms. The expression for tA reduces to: 

tA :!O "';.o.eoCs 
20 

For a -10V to +10V change and Cs = .05 IlF, 
acquisition time is typically 50 IlS. 

2.2 Capacitor Selection-LH0043 

At 25°C case temperature, the leakage current for 
the LH0043G is' approximately 10 pA, so a drift 
rate of 5 mV/s would require a capacitor of 
Cs = 10 '10-1l /5 '10-3 = 2000 pF or larger. 

For values of Cs below about 5000 pF, the 
acquisition time of the LH0043G will be limited 
by the slew rate of the output amplifier (the 
signal will be acquired, in the sense that the voltage 

7·20 

will be stored on the capacitor, in much less time as 
dictated by the slew tate and current capacity of 
the input amplifier, but it will not be available at 
the output). For larger values of storage capaci· 
tance, the limitation is the current sinking capabil· 
ity of the input amplifier, typically 10 mAo With 
Cs = 0.01 IlF, the slew rate can be estimated by 
dV 10 .10-3 . . 
dt = 0.01 '10-6 = 1 Vllls or a slewmg time for a 

5 volt signal change of 51ls. 

3.0 Offset Null 

Provision is made to null both the LH0023 and 
LHOO43 by use of a 10k pot between pins 3 and 4. 
Offset null should be accomplished in the sample 
mode at one half the input voltage range for 
minimum average error. 

4.0 Switching Spike Minimization-LH0043 

A capacitive divider is formed by the storage 
capacitor and the capacitance of the internal F ET 
switch which causes a small error current to be 
injected into the storage capacitor at the termina· 
tion of the sample interval. This can be considered 
a negative DC offset and nulled out as described in 
(3.0), or the transient may be nUlled by coupling 
an equal but opposite signal to the storage 
capacitor. This may be accomplished by connect· 
ing a capacitor of about 30 pF (or a trimmer) 
between the logic input (pin 6) and the storage 
capacitor (pin 1). Note that this capacitor must be 
chosen as carefully as the storage capacitor itself 
with respect to leakage. The LH0023 has switch 
spike minimization circuitry built into the device. 

5.0 Elimination of the 5V Logic Supply-LHOO23 

The 5V logic supply may be eliminated by 
shorting pill 7 to pin 8 wh ich connects a 10k 
dropping resistor between the +15V and Vc' 
Decoupling pin 8 to ground through 0.1 IlF disc 
capacitor is recommended in order to minimize 
transients in the output .. 

6.0 Heat Sinking 

The LH0023 and LH0043G may be operated 
without damage throughout the military tempera· 
ture range of -55 to +125°C (-25 to +85°C for 
the LH0023CG and LH0043CG) with no explicit 
heat sink, however power dissipation will cause the 
internal temperature to· rise above ambient. A 
simple clip·on heat sink such as Wakefield 
#215-1.9 or equivalent will reduce the internal 
temperature about 20°C thereby cutting the leak· 
age current and drift rate by one fourth at max. 
ambient. There is no internal electrical connection 
to the case, so it may be mounted directly to a 
grounded heat sink. 

7.0 Theory. of Operatiori-LH002"3 

The LH0023/LH0023C is comprised of input 
buffer amplifier, A 1, analog switches, 51 and 52, a 



Applications Information (Continued) 

TTL to MOS level translator, and output buffer 
amplifier, A2. In the "sample" mode, the logic 
input is raised to logic "1" (Vs ~ 2.0V) which 
closes S1 and opens S2. Storage capacitor, Cs , is 
charged to the input voltage through S1 and the 
output slews to the input voltage. In the "hold" 
mode, the logic input is lowered' to logic "0" 
(Vs ~ 0.8V) opening S1 and closing S2. Cs 
retains the sample voltage which is applied to the 
output via A2. Since Sl is open, the input signal 
is overridden, and leakage across the MOS switch is 
therefore minimized. With Sl open, drift is prima
rily determined by input bias current of A2, 
typically 100 pA at 25°C. 

7.1 Theory of Operation-LH0043 

The LH0043/LH0043C is comprised' of input 
buffer amplifier A 1, FET switch Sfoperated by a 
TTL compatible level translator, and output buffer 
amplifier A2. To enter the "sample" mode, the 
.logic input is taken to the TTL logic "0" state 
(Vs = 0.8V) which commands the switch S1 

ANALOG 
INPUT 

LOGIC 
.INPUT 

ANALOG 
OUTPUT 

~----------~~---------T---I' 
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closed and allows A 1 to make the storage capaci· 
tor voltage equal to the analog input voltage. In 
the "hold" mode (Vs = 2.0V), Sl is opened 
isolating the storage capacitor from the input and 
leaving it charged to a voltage equal to the last 
analog input voltage before entering the hold 
mode. The storage capacitor voltage is brought to 
the output by low leakage amplifier A2. 

8.0 Definitions 

The voltage at pin 5, e.g., the analog 
input voltage. 
The voltage at pin 6, e.g., the logic 
control input signal. 
The voltage at pin 11, e.g., the output 
signal. 
The temperature of the ambient air. 
The temperature of the device case at 
the center of the bottom of the header. 

Acquisition Time: 
The time required for the output (pin 11) to settle 
within the rated accuracy after a specified input 
change is applied to the input (pin 5) with the 
logic input (pin 6) in the low state. 

Aperture Time: 
The time indeterminacy when switching from 
sample mode to hold including the delay from the 
time the mode control signal (pin 6) passes 
through its threshold (1.4 volts) to the time the 
circuit actually enters the hold mode. 

Output Offset Voltage: 
The voltage at the output terminal (pin 11) with 
the analog input (pin 5) at ground and logic input 
(pin 6) in the "sample" mode. This will always be 
adjustable to zero using a 10k pot between pins 3 
and 4 with the wiper arm retu rned to V-. 
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LHOO53/LHOO53C .High Speed 
Sample and Hold Amplifier 

..J General Description 
The LH0053/LHOO53C Is a high speed sample and hold 
circuit capable of acquiring a 20V step signal In under 
5.0,..s. 

The device Is Ideally suited for a variety of high speed 
data acquisition applications Including analog buffer 
memories for A to 0 conversion and synchronous de
modulation. 

Schematic and Connection Diagrams 
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Features 
• Sample acquisition time 10,..s max. for 20V signal 

• FEr switch for preset or reset function 
. • Sample accuracy null 

• Offset adjust to OV 

• DTL/TTl compatible rET gate 

• Single storage capacitor 
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Allsolute Maximum Ratings 
Supply Voltage (V+ and V-) ±18V 
Gate Input Voltage (Ve) ±20V. 
Analog Input Voltage (V4) ±15V 
Input Current (Ie and 15) ±10mA 
Power Dissipation 1.5W 
Output Short Circuit Duration Continuous 
Operating Temperature Range 

LH0053 -55°C to +125°C .' 
LH0053C -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

Limits 

Parameter Conditions LHOO53 LHOO53C Units 

Min. Typ. . Max. Min. Typ. Max. 

Sample (Gate "0") Input Voltage 0.5 0.5 V 

Sample (Gate "0") Input Current Ve = 0.5V, TA = 25°C -5.0 -5.0 IlA 

Ve=0.5V -100 .,..100 IlA 

Hold (Gate "1") Input Voltage 4.5 4.5 V 

Hold (Gate "1") Input Current Vs = 4.5V, TA = 25°C 1.0 nA 

Va = 4.5V 1.0' IlA 

Analog Input Voltage Range ±10 ±11 ±10 ±11 V 

Supply Current V4=OV, Ve=0.5V 13 18 13 18 mA 

Input Bias Current (14) V4 =OV, TA=25°C 120 250 150 500 nA 

Input Resistance 5.0 10 15 5.0 10 15 kQ 

Analog Output Voltage Range . RL=2.0kQ ±10 ±12 ±10 ±12 V 

Output Offset Voltage V4=OV, Va=0.5V, TA = 25°C 5.0 7.0 5.0 10 mV 

V4=OV, Va=0.5V 10 15 mV , 
Sample Accuracy (Note 2) V4 = ±10V, Ve = 0.5V, TA = 25°C 0.1 0.2 0.1 0.3 % 

Aperture Time AVe = 4.5V, TA = 25°C 10 25 10 25 ns 

Sample Acquisition Time V4 = ±10V, TA = 25°C, 5.0 10 8.0 15 Ils 
CF=1000pF, Vs=OV 

Sample Acquisition Time V4 =±10V, TA = 25°C, 4.0 4.0 IlS 
CF=100pF, Va=OV 

Output Slew Rate AVIN = ±10V, TA = 25°C, 20 20 VlIlS 
CF=100pF, Vs=OV 

Large Signal Bandwidth V4=±10V, TA=25°C, 200 200 kHz 
CF=1000pF 

. Leakage Current (Pin 5) V4 =±10V, TA=25°C, 6.0 50 10 100 pA 

V4=±10V 30 30 nA 

Drift Rate V4=±1,oV, TA = 25°C, 6 . .0 50 10 100 mVis 
CF=1000pF 

Drift Rate V4=±10V, CF=1000pF 30 30 Vis 

Note 1: Unless otherwise noted, these specifications apply for Vs = ",15V, pin 9 grounded, a 1000 pF capacitor between pin S and pin 11, 
pin 3 shorted to pin 11, over the temperture range -SSoC to +12SoC for the LHOOS3 and -25°C to +8SoC for the LH0053C. All typical 
values are for TA = 25°C. 

Note 2: Sample accuracy may be nulled by inserting a potentiometer in the feedback loop. This compensates for source impedance 
and feedback resistor tolerances. 

I \ 
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Sample and Hold 

Applications Information 
Source Imp!,dance Compensation 

The gain accuracy (linearity) of the LH0053/LH0053C Is , 
set by two Internal precision resistors. Circuit applica
tions In which the source Impedance Is non-zero will 
result in a closed loop gain error, e.g. If Rs = 10Q, a gain 
error of 0.1% results. Figures 1 and 2 show methods for 
accomodating non-zero source impedance. 

Drift Error Minimization 

In order to minimize drift error, care In selecting CF and 
layout of the printed circuit board are required. The capa
citor should be of high quality teflon, polycarbonate, or 
polystyrene construction. Board layout and clean lines 
are critical particularly at elevated temperature. 

A ground guard (shield) surrounding pin 5 will minimize 
leakage currents to and from' the summing junction, 
arising from extraneous signals. See AN-63 for detailed 
recommendations. 

Capacitor Selection 

The size of the capacitor is determined by the required 
drift rate usually at the expense of acquisition time. 

7-25 

The drift is dictated by leakage current at pin ,5 and is 
given by: 

dv _ .!b.. 
dt - CF 

Where IL Is the leakage current at pin 5 and CF is the 
value of the capacitance. The room temperature leakage 
of the LHoo53 Is typically 6.0pA, and a 100~pF capacitor 
will yield a drift rate of 6.0mV per second. 

For values of CF below 1000 pF acquisition for the LH0053 
is primarily governed by the slew rate of the input ampli
fier (20Vl,..s) and the setting time of the output amplifier 
(~1.0,..s). For values above CF=1000pF, acquisition 
time Is given by: 

Where: 

CF = The value of the capacitor 

IN = The magnitude of the input step, e.g. 20V 

, loss=The ON current of switch Q1 ~ 5.0mA 

tS2 = The setting time of output amplifier ~ 1.0,..s 
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Figure 1. Non·Zero Source Impedance Compensation 

Figure 2. N""on·Zero Source Impedance Buffering 

Gate Input Considerations 

5.0V TTL Applications 

The LH0053 Gate Input (pin 6) will Interface directly with 
5.0V TTL. However, TTL gates typically pull up to 2.5V In 
the. logic "1" state. It Is therefore advisable to use a 
10 kQ pull·up resistor between the 5.0V, Vee, and the 
output of the gate as shown In Figure 3. 

To obtain the highest speed and fastest acquisition time, 
the gate drive shown In Figure 6 Is recommended. 

-IlI.DV 

GATE 54174 10 112 
& 

LHDD53 

Figure 3. TTL Logic Compatibility 

CMOS Applications 

The LH0053 gate input may be Interfaced directly with 
74C, CMOS operating off of Vee's from 5.0V to 15V. How
ever, transient currents of several milliamps can flow on 
the rising and falling edges of the Input signal. It Is, there· 
fore, advisable to parallel the outputs of two 54C/74C 
gates as shOwn In Figure 4. 

7·26 

It should be noted that leakage at pin 51n the hold mode 
will be Increased by a factor of 2 to 3 when operating 
In.to 15V logic levels. 

Vee 5.0V TO 15V 

A INPUT 

Figure 4. CMOS Logic Compatibility 

Heat Sinking. 

The LH0053 may be operated over the military tempera· 
ture range, -55·C to +125·C, without Incurring damage 
to the device. However, a clip on heat sink such as the 
Wakefield 215 Series or Thermalloy 2240 will reduce the 
internal temperature rise by about 20·C. The result is a 
two-f9ld improvement in drift rate at temperature. 



Applications Information (Continued) 

Since the case of the device Is electrically Isolated from 
the circuit, the LH0053 may be mounted directly to a 
grounded heat sink. 

Power Supply Decoupllng 

Amplifiers A1 and A2 within the LH0053 are very wide 
band devices and are sensitive to power supply Induct· 
ance. It Is advisable to bypass V+ (pin 12)·and V- (pin 10) 
to ground with 0.1"F disc capacitors In order to prevent 

200kll 

oscillation. Should this procedure prove Inadequate, the 
disc capacitors should be paralleled with 4.7"F solid 
tantalum electrolytic capacitors. 

DC Offset Adjust 

Output offset error may be adjusted to zero using the 
circuit shown In Figure 5. Offset null should be accom· 
plished In the sample mode (VS';; 0.5V) and analog input 
(pin 4) equal to zero volts. 

+15V~ 200kQ 

3 12 1 2 r - R2- - - - - -l 
I 

I I 
I O~M 

I 

L-,or---- ~ 
+15V 

Figure 5. Offset Null Circuit 

+5V 

3kll 
2kQ 

TO PIN 6 

Figure 6. High Speed Gate Drive Circuit 

Definition of Terms 
Voltage, V4: The voltage at pin 4, i.e., the analog input 
voltage. 

Voltage, Ve: The voltage at pin 6, i.e., the logic control 
signal. A logic "1" Input, Ve';; 4.5V, places the LH9053In 
the HOLD mode; a logic "0" Input (Ve';; 0.5V) places the 
device In sample mode. 

Acquisition TIme: The time required for the output (pIn 11)' 
to setlie within the rated accuracy after a specified Input 
change is applied to Analog Input 1 (pin 4) with logic 
Input, (pin 6) in the logic "0" state. 
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Aperture Time: The time indeterminacy when switching 
from the "sample" mode to the HOLD mode measured 
from the time the logic Input passes through Its thresh· 
old (2.0V) to the time the device actually enters the 
HOLD mode. 

Sample Accuracy: Difference between Input voltage and 
output voltage while in the sample mode, expressed as 
a percent of the Input voltage. 
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Part Resolution 
Absolute 

Conversion 
Input Output 

Accuracy Voltage Logic 
No. (Bits) 

(Max) 
Time 

Range Levels 

AID CONVERTER 

ADC0800 8 ±2 LSB 5Ol's ±5V TTL, 
TRI·STATE'" 

ADC0801 8 ±1/4 LSB 1101'5 5V TTL, 
TRI·STATE 

ADC0802 8 ±1/2 LSB 1101'5 5V TTL, 
TRI·STATE 

ADC0803 8 ±1/2 LSB 1101's 5V TTL, 
TRI·STATE 

ADC0804 8 ±1 LSB 1101's 5V TTL, 
TRI·STATE 

ADC0805 8 ±1 LSB 1101's 5V TTL, 
TRI·STATE 

ADC0808 8 ±1/2 LSB 1001's 5V TTL, 
TRI·STATE 

ADC0809 8 ±1 LSB 1001's 5V TTL, 
TRI·STATE 

ADC0816 8 ±1/2 LSB 100,,5 5V TTL, 
TRI·STATE -

ADC0817 8 ±1 LSB 1001's 5V TTL, 
TRI·STATE 

tADC0831B 8 ±1/2 LSB 801'5 5V TTL 

tADC0831C 8 ±1 LSB 801'5 5V TTL 

tADC0832B 8 ±1/2 LSB 801'5 5V TTL 

tADC0832C 8 ±1 LSB 801'5 5V TTL 

ADC0833B 8 ±1/2 LSB 801'5 5V TTL 

ADC0833C 8 ±1 LSB 801'5 5V TTL 

tADC0834B 8 ±1/2 LSB 801'5 5V TTL 

tADC0834C 8 ±1 LSB 801'5 5V TTL 

tADC0838B 8 ±1/2 LSB 801'5 5V TTL 

tADC0838C 8 ±1 LSB 801'5 5V TTL 

tADC1001B 10 ±1/2 LSB 2001's 5V TTL, 
TRI·STATE 

ADC1001C 10 ±1 LSB 2001'5 5V TTL, 
TRI-STATE 

tADC1021B 10 ±1/2 LSB 2001'5 5V TTL, 
TRI·STATE 

ADC1021C 10 ±1 LSB 2001's 5V TTL, 
TRI·STATE 

tADC1080 10 ±1/2 LSB 181'5 ±10V TTL 

8·3 

Supplies 
emperature 

Range" 
(V) 

M I C 

+5, -12 · · 
+5 · · · 
+5 · · · 
+5 • · 
+5 · 
+5 • • 

+5 · • · 
+5 · · 
+5 • · · 
+5 · · 
+5to +9 • · 
+5to +9 · · 
+5to +9 • · 
+5to +9 · · 
+5to +9 • · 
+5to +9 · · 
+5to +9 • · 
+5 to +9 • · 
+5 to +9 • · 
+5 to +9 • · 
+5 • · 
+5 • · 
+5 • · 
+5 · 
+5, ±12to ±15 · 

Package 

18-Pin DIP 

20·Pin DIP 

20·Pin DIP 

20·Pin DIP 

20·Pin DIP 

20·Pin DIP 

28·Pin DIP 

28·Pin DIP 

40·Pin DIP 

4().Pin DIP 

8·Pin DIP 

8·Pin DIP 

8·Pin DIP 

8·Pin DIP 

14·Pin DIP 

14·Pin DIP 

14·Pin DIP 

14·Pin DIP 

20·Pin DIP 

20·Pin DIP 

20·Pin DIP 

20·Pin DIP 

24·Pin DIP 

24·Pin DIP 

32·Pin DIP 

Comments 

Differential 
Input 

Differential 
Input 

Differential 
Input 

Differential 
Input 

Works with 
5V Reference 

8·Channel MUX 

8·Channel MUX 

16·Channel MUX 

16·Channel MUX 

Serial I/O 

Serial 110 

2·Channel MUX 
Serial 110 

2·Channel MUX 
Serial 110 

4·Channel MUX 
Serial 110 

4·Channel MUX 
Serial 110 

4·Channel MUX 
Serial 110 

4·Channel MUX 
Serial 110 

8·Channel MUX 
Serial 110 

8·Channel MUX 
Serial 110 

Differential 
Input 

Differential 
Input 

Differential 
Input 

Differential 
Input 

With Reference 
and Clock 

~ 
C 
o o 
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~ ... 
CD 
:::!. 
C 
< :s: 
en 
CD 
(j) 
Sl-
0" 
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C) 
C. 
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CD 
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Part Resolution Absolute Conversion' Input Output 
Supplies 

Temperature 

No. (Bits) Accuracy 
Time 

Voltage Logic (V) I 
Range· Package 

(Max) Range Levels M I C 

AID CONVERTER (Continued) 

ADB1200 12 
±1/2 LSB 36ms ±11V 

TTL, +5, -15 28·Pin DIP 
" LF13300 TRI·STATE ±15 18-Pin DIP 

ADC1210 12 ±1/2 LSB 26/Ls 10.2V CMOS +510 ±15 ' " " 24·Pin DIP 

ADC1211 12(10) ±1 LSB 30/Ls 10.2V CMOS +510 :f15 " " 24·Pin DIP 

tADC1280 12 ±1/2 LSB 22/Ls ±10V' TTL +5, ±12to ±15 " 32·Pin DIP 

ADC3511 31/2·Digit 0.05% 200ms 2V TTL, +5 " 24·Pin DIP 
TRI·STATE 

ADC3711 33/4·Digit 0.05% 400ms 2V TTL, +5 · 24·Pin DIP 
TRI·STATE 

LM131 V·F 0.01% N/A Vcc-2V N/A +5to +40 . . · 8·Pin DIPor 
TO-99 Can 

. DIGITAL VOLTMETER 

ADD3501 31/2·Digit 0.05% 200ms 2V 7-Segment +5 · 28-Pin DIP 
LED Drive 

ADD3701 ' 3 3/4·Digit 0.05% 400ms 2V 7·Segment +5 · 28·Pin DIP 
LED Drive 

·Temperature ranges are: "M" is -SS'C to + 12S'C ambient; "I" Is -40'C to + 85'C or - 25'C to + 8S'C; "c" Is O'C to 70'C. 

tproduct to be ,announced. 

, 

II 
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Comments 

-

Dual Slope 

With Reference 
and Clock 

Integrating 
/LP Compatible 

Integrating 
/LP Compatible 

Voltage·to· 
Frequency 
Converte~ 

100 kHz Max 

3 172-Digit LED 
DVM 

3 3/4-Digit LED 
DVM 



Part Resolution 
Linearity 

Intemal 
Output Settling 

No. (Bits) 
@25°C 

Reference 
Op Time 

(Max) Amp (+112 LSB) 

DACOBOO 8 0.19 100 ns 

DAC0801 8 0.39 100 ns 

DACOB02 B 0.10 100 ns 

DAC0806 8 0.78 150 ns 

DAC0807 8 0.39 150 ns 

DACOB08 B 0.19 150 ns 

DAC0830 8 0.05 1",s 

DAC0831 8 0.10 1",s 

DAC0832 8 0.20 1",s 

DAC1000 10 0.05 500 ns 

DAC1oo1 10 0.1 500 ns 

DAC1002 10 0.2 500ns 

DAC1006 10 0.05 500 ns 

DAC1oo7 10 0.1 500ns 

DAC100B 10 0.2 500 ns 

DAC1020 10 0.05 500 ns 

DAC1021 10 0.1 500 ns 

DAC1022 10 0.2 500 ns 

DAC1200 12 0.012 • • 300 ns-IOUT 
2.5 !'5 - VOUT 

DAC1201 12 0.049 • • 300 ns-IOUT 
2.5 ",S-VOUT 

DAC1208 12 0.012 1",s 

DAC1209 12 0.024 1!'5 
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Supplies 
Temperature 

(V) 
Range· 
M I C 

±5 to ±15 · · 
±5to ±15 · · 
±5to ±15 • · 
±5 to ±15 · 
±5 to ±15 • 
±5to ±15 • · 
5 to 15 · · · 
5t015 • • 

5 to 15 · · 
5 to 15 · · · 
5to 15 • • 

5 to 15 • · 
5 to 15 · · • 
5to 15 • · 
5to 15 • • 

5to 15 · • · 
5 to 15 • • • 

5to 15 • • • 

±15 • • 

±15 • · 
5to 15 • • 

5t015 • • 

Pack~ge 

16·Pin DIP 

16·Pin DIP 

16·Pin DIP 

16·Pin DIP 

16·Pin DIP 

16·Pin DIP 

20·Pin DIP 

20·Pin DIP 

20·Pin DIP 

24·Pin DIP 

24·Pln DIP 

24·Pin DIP 

20·Pin DIP 

20·Pin DIP 

2().Pin DIP 

16-Pin DIP 

16·Pin DIP 

16-Pln DIP 

24·Pin DIP 

24·Pin DIP 

24-Pin DIP 

24·Pln DIP 

Comments 

High Speed 
Multiplying 

High Speed 
Multiplying 

High Speed 
Multiplying 

Multiplying 

Multiplying 

Multiplying 

",p Compatible 
4·Quadrant 
Multiplying 

",p Compatible 
4·Quadrant 
Multiplying 

",p Compatible 
4.Quadrant 
Multiplying 

",p Compatible 
Double 
Buffered 

",p Compatible 
Double 
Buffered 

",p Compatible 
Double 
Buffered 

",p Compatible 
Double 
Buffered 

",p Compatible 
Double 
Buffered 

",p Compatible 
Double 
Buffered 

4·Quadrant 
Multiplying 

4-Quadrant 
Multiplying 

4·Quadrant 
Multiplying 

Current or 
Voltage Mode 

Current or 
Voltage Mode 

",p Compatible 
4-Quadrant 
Multiplying 

",P Compatible 
4-Quadrant 
Multiplying' 
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Part Resolution 
Linearity 

Internal 
Output Settling 

Supplies 
Temperatura 

@25°C Op Time Range· Package 
No. (Bits) 

(Max) 
Releranca 

Amp (+112 LSB) 
(V) 

M I C 

DAC1~10 12 0.05 1115 5to 15 • • 24·Pin DIP 

DAC1218 12 0.012 1 p.s 5to 15 • • 18·Pin DIP 

DAC1219 12 0.024 1 P.s 5 to 15 • • 18-Pln DIP 

DAC1220 12 0.05 500 ns 5 to 15 • • · 18-Pin DIP 

DAC1221 12 0.1 500 ns 5 to 15 • • • 18-Pln DIP 

DAC1222 12 0.2 500 (IS 5 to 15 • • • 18-Pin DIP 

DAC1230 12 0.012 1 p.S 5 to 15 • · · 20·Pln DIP 

.' 

DAC1231 12 0.024 1 P.s 5 to 15 • • 20·Pln DIP 

DAC1232 12 0.05 1 P.s 5 to 15 • · 20·Pln DIP 

tDAC1265A 12 0.006 • 200 ns ±15 • • 24·Pln DIP 

tDAC1265 12 0.012 • 200 ns ±15 • • 24·Pln DIP 

DAC1280 12 0.024 • · 300 ns-IOUT ±15 • 24·Pin DIP 

2.5115 - VOUT 

DAC1280A 12 0.012 • • 300 ns-IOUT ± 11.4 to ± 15.75 • 24·Pin DIP 
2.5p.s- VOUT 

DAC1285 12 0.012 · • 300 ns-IOUT ± 15 · • 24·Pin DIP 
2.5p.s- VOUT 

DAC1285A 12 0.012 · • 300 ns-IOUT ± 11.4 to ± 15.75 • • 24-Pin DIP 

2.5p.s- VOUT 

• Ambient temperature range for "M" Is - 55·C to + 125·C, "I" Is - 25·C to + 85·C or - 40·C to + 85·C, "C" Is O·C to 70·C. 
tProduct to be announced. 

Comments 

p.P Compatible 
4·Quadranl 
Multiplying 

4-Quadrant 
Multiplying 

4.Quadrant 
Multiplying 

i 4.Quadrant 
Multiplying 

4·Quadrant 
Multiplying 

4·Quadrant 
lVlultiplying 

p.P Compatible 
4·Quadrant 
Multiplying 

p.P Compatible 
4·Quadrant 
Multiplying 

p.P Compatible 
4.Quadrant 
Multiplying 

Hi·Speed 

Hi·Speed 

Current or 
Voltage Mode 

Current or 
Voltage Mode 

Current or 
Voltage Mode 

Current or 
Voltage Mode 



~National 
~ Semiconductor 

Definition of Terms 
Accuracy: Sum of all errors: non-linearity, zero-scale, full
scale, temperature drift, etc. Careful-this term Is some
times confused with resolution andlor non-linearity. 

Conversion Time: The time required for a complete meas
urement by an AID converter. 

Full-Scale Error: Deviation from true full-scale output 
when specified reference voltage is applied. 

Full-Scale Tempco: Change in scale error due to tempera
ture, usually expressed in parts per million per degree 
(ppm/·C). 

Monotonlclty: A DAC whose output always increases for 
increasing digital Input codes is said to be monotonic, i.e., 
does not decrease at any point. 

Non-Linearity: Worst-case deviation from the line between 
the endpoints (zero and full-scale). Can be expressed 
as a percentage of full-scale or in fractions of an LSB. 
± 1/2 LSB is a desirable specification. 

Power-Supply Sensitivity: The sensitivity of a convert
er to DC changes in power-supply voltages is normally ex
pressed in terms of percentage change in analog input 
value. Power-supply sensitivity may also be expressed in 
relation to a specified DC shift of the supply voltage. 

Quantizing Error: ± 1/2 LSB error inherent in all AID 
conversions. Cannot be eliminated. 

Ratlometrlc Converter: The output of an AID converter is a 
digital number proportional to the ratio of (some measure 
of) the Input to a reference. Most requirements for conver
sions call for an absolute measurement, i.e., against a 
fixed reference. In some cases, where the measurement is 

I 
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A to 0, 0 to A 

affected by a changing reference voltage, it is advanta
geous to use that same reference as the reference for the 
conversion, to eliminate the effect of variation. 

Resolution: The most important converter specification. 
This is the number of steps the full-scale signal can be 
divided into, and therefore the size of the steps. May be ex
pressed as the number of bits in the digital word, the size 
of a least significant bit (smallest step) as a percent of full
scale, or an LSB in millivolts (for a given full-scale). 

Bits Steps LSB Size LSBSize 
(2N) (% of Full-Scale) (10V Full~Scale) 

6 64 1.588% 158.8 mV 
8 256 0.392% 39.2 mV 
10 1,024 0.0978% 9.78 mV 
12 4,096 0.0244% 2.44 mV 
14 16,384 0.0061% 0.61 mV 
16 65,536 0.0015% 0.15 mV 

Settling Time: Time from change in input until output re
mains within ± 1/2 LSB (or some specified percentage) of 
final output. 

3 112 Digit BCD: Maximum output count or display is 
± 1.999 (± 2000 counts) - approximately 11 binary bits 
plus sign. 

3 314 Digit BCD: Maximum output count or display is 
±3.999 (±4000 counis)-approximately 12 binary bits 
plus sign. 



~National .. 
~ Semiconductor 

A to 0, D to A' 

AD7520/AD7530 10·Bit, AD7521/AD753112·Bit 
Binary Multiplying D/A Converters 
General Description 
The AD7520 and the AD7521 are, respectively, 10 and .. 
12·bit binary multiplying digital·to·analog converters. 
A deposited thin film R·2R resistor ladder divides 
the reference current and provides the circuit with ex· 
cellent temperature tracking characteristics (typically 
o.oOO2%fC linearity error temperature coefficient). The 
circuit uses CMOS current switches and drive circuitry 
to achieve low power consumption (30 mW max) and 
low leakages (200 nA max). The digital inputs are com· 
patible with DTLITTL logic levels as well as full CMOS 
logic level swings. This part, combined with an external 
amplifier and vol.tage reference, can be used as a standard 
D/A converter; however, it is also very attractive for 
multiplying application~ (such as digitally controlled 
gain blocks) since its linearity error is essentially inde· 
pendent of the voltage reference. 

This part is available with 10·bit (0.05%), 9·bit (O.1()"'('), 
and 8·bit (0.20%) non·linearity. The AD7520L, 
AD7520K, and AD7520J are direct replacements for 

the 1 a·bit resolution AD7520 and AD7530 family, and 
equivalent to AD7533 family. The AD7521 K, AD7521J 
and AD7521 L are direct replacements for the 12·bit 
resolution AD7521 and AD7531 family. For more 
information, see DAC1020 data sheet. 

Features 
• Linearity specified with zero and full·scale adjust only 

• Integrated thin film on CMOS structure 

• 10·bit or 12·bit resolution 

• Low power dissipation 10 mW @ 15V typ 

• Accepts variable or fixed reference -25V ~ VREF ~ 
+25V 

• 4·quadrant mUltiplying capability 

• Interfaces directly with DTL, TTL ard CMOS 

• Fast settling time-600 ns typ 

• Low feedthrough error-l/2 LSB @ 100 kHz typ 

Connection Diagrams Equivalent Circuit 

AD7520/AD7530 
Dual·ln·Line Package 

lour' 

IOUT2 

GND 

AI (MSBI 

AI 

AI .. 
AI 

lOUT' 

IOUy2 

GND 

At (MSB) 

AI 

A' 

A. 

AS 

AS 

TOP VIEW 

" RFEEDBACK 

15 VREF IN 

14 y+ 

13 AID (LSBI 

12 A9 

11 AI 

" A7 

• A6 

AD7521/AD7531 
Dual·ln·Line Package 

" RfEED8ACI( 
17 

VREFIN 

"". 
15 

AI2(LSIII .. 
All 

13 ." 
12 AD 

11 Ai 

10 
A7 

TOP VIEW 

.YREFIN 0-.......... """ .......... """-

I. 2. 

r 

1'---..... -
+t-4 ..... -++-.... +-~---It---o()IDUTI 
"""'~-+-++---++------If--.... o()IDUT I 

I 
I 
I 

b 
AI 

IMSBI 

I 
I 
I 

b 
AI 

I 
I 

b 
AIG 

(LSB) 

I 
I 
I 

I b b I 
LA:_~ __ .J "FEEDBACK 

Switches shown in digital high state 

Ordering Information* 
10·BIT D/A CONVERTERS 

TEMPERATURE RANGE DoC to 70°C -40°C to +8SoC -5S"C to +12SoC 

I 0.05% A07520LN I A07530LN A07520LO I A07530LO A07520UD 

ACCURACY 0.10% AD7520KN AD7530KN AD7520KD A07530KO AD7520TO 

0.20% A07520JN AD7530JN A07520JO I A0753OJO A07520S0 

PACKAGE OUTLINE NI6A D16C DISC 

12·BIT D/A CONVERTERS 

TEMPERATURE RANGE oOe to 70°C -4ooe to +85°C _55°C to +125°C 

I 0.05% A07521LN I A07531LN A07521 LO I AD7531 LO A07521UD 

ACCURACY 0.10% AD7521KN AD7531KN AD7521KD A07531KO A07521TD 

0.20% AD7521JN AD7531JN A07521JO AD7531JD AD7521S0 

PACKAGE OUTLINE N18A 018A 018A 

'Note: Devices ordered using the .. PIN's will be marked with AD7520 series and 
DAC102X series numbers. 
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Operating Temperature Range 
l> 

Absolute Maximum Ratings C 
MIN MAX UNITS ....... 

AD7520LN, AD7520KN, AD7520JN 0 +70 "c CJ1 
v+ to Gnd 17V 

AD7521 LN, AD7521 KN, AD7521JN 0 +70 "C 
I\) 

VREF to Gnd ±25V 
AD7530LN, AD7530KN, AD7530JN 0 +70 "C 0 -Digital Input Voltage Range V+ to Gnd 
AD7531 LN, AD7531 KN, AD7531JN 0 +70 "C l> DC Voltage at Pin 1 or Pin 2 (Note 3) -100 mV to V+ 
AD7520LD, AD7520KD, AD7520JD ":40 +85 "C C Storage Temperature Range -65"C to +150"C 
AD7521 LD, AD7521 KD, AD7521JD -40 +85 "C 

Lead Temperature (Soldering, 10 seconds) 300"C 
AD7530LD, AD7530KD, AD7530JD -40 +85 "C ....... 

CJ1 
AD7531 LD, AD753IKD, AD7531JD -40 +85 "C W " 
AD7520UD, AD7520TD, AD7520SD -55 +125 "C 0 
AD7521 UD, AD7521TD, AD7521 SO -55 +125 "C ~ 

Electrical Characteristics (v+ ~ 15V, VREF ~ 10.000V, TA ~ 25°C unless otherwise specified) 
l> 
C 

AD7520L, AD7520K, AD7521L, AD7521K, ....... 
AD7520J AD7521J CJ1 PARAMETER CONDITIONS UNITS I\) 

MIN TYP MAX MIN TYP MAX ..... 
Resolution 10 12 Bits l> 
linearity Error TMIN::; TA::; TMAX, C -lOV::; VREF::; +10V, ....... 

(Note 1) End Point Adjustment Only CJ1 
(See Linearity Error in Definition of Terms) W 

lO-bit Parts AD7520L, AD7520U, AD7521 L, AD7521 U, AD7530L, AD7531 L 0.05 0.05 % FSR ..... 
g-bi! Parts AD7520T, AD7520K, AD7521T, AD7521 K, AD7530K, AD7531 K 0.10 0.10 % FSR 
S-bit Parts AD7520S, AD7520J, AD7521S, AD7521J, AD7530J, AD7531J 0.20 0.20 % FSR 

linearity Error Tempco -10V::; VREF::; +10V, 0,0002 0.0002 % Fsfc 
(Notes 1 and 2) 

Full-Scale Error -10V::; VREF::; +10V, 0.3 0.3 % FS 
(Notes 1 and 2) 

Full-Scale Error Tempco TMIN<TA<TMAX, 0.001 0.001 % FStC 
(Note 21 

Output Leakage Current 

IOUTl All Digital Inputs Low, TMtN:::; TA ~ TMAX 200 200 nA 
IOUT2 All Digital Inputs High, TMIN:::; TA":; TMAX 200 200 nA 

Power Supply Sensitivity All Digital Inputs High, 0.005 0.005 % FSIV 
14V::; V+::; 16V 

(Figure 2 of DAC1020 data sheet) 

VREF Input Resistance 10 15 20 10 15 20 Hl 

Full-Scale Current Settling RL = lOon from 0 to 99,95% 
Time FS 

All Digital Inputs Switched 500 500 n, 
Simultaneously 

VREF Feedthrough All Digital Inputs low, , 10 10 mVp·p 

VREF = 20 Vp'p @ 100 kHz 
D Package INote 4) 6 9 6 9 mVp-p 
N Package 2 5 2 5 mVp·p 

Output Capacitance 

lOUT! All Digital Inputs low 40 40 pF 
All Digital Inputs High 200 200 pF 

loun All Digital Inputs low 200 200 pF 
All Digital Inputs High 40 40 pF 

Digital Input (Note 11 
low Threshold TMIN<TA<TMAX, 0.8 0.8 V 
High Threshold TMIN<TA<TMAX 2.4 2.4 V· 

Digital Input Current TMIN::;TA::;TMAX 
Digital Input High 1 100 1 100 pA 
Digital Input low -50 -200 -50 -200 pA 

Supply Current All Digital Inputs High 0.2 '1.6 0.2 1.6 rnA 
All Digital Inputs Low 0.6 2 0.6 2 rnA 

Operating Power Supply Range 5 15 5 15 V 

Note 1: VREF = ±10V and VREF = ±lV, 

Note 2: Using internal feedback resistor, 

Note 3: Both IOUTl and IOUT2 must go to ground or the virtual ground of an operational amplifier. ~or every 'millivolt offset between IOUT1 
or 'OUT2. 0,005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in D_package. the user must ground the metal lid. 
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~National A to D, D to A 
~ Semiconductor 

ADB1200 12-Bit Binary AID Building Block 

General Description Features 

• 12-bll binary output 

• Parallel or serial output 

• TRI-STATE output 

• Polarity indication 

• Overrange Indication 

The AOB1200 is the digital controller for the LF133000' 
analog building block. Together they form an integrating 
12-bit AlO converter. The AOB1200 provides all the 
necessary control functions, plus features like auto 
zeroing, polarity and overrange Indication, as well as 
continuous conversion. The 12-bit plus sign paralle! and 
serial outputs are TRI-STATE® TTL level' compatible. 
The device also includes output latches to simplify data 
bus Inter,facing. 

• Continuous conversion capability 

• 100% overrange capability 

• 5V, -15V power requirements 

• TTL compatible 
'See LF133000 data sheet for more information • Clock frequenC"y to 1 MHz 

Circuit Diagram/Typical Applications 

12·8it AID Converter 

15V 0------------..... 

25 VSS 24 

VR VR COMP OUT COMP POL 

17 
OR 

22 
Vx Vx RU- RU- MSB 

ANALOG lB 21 

GNO 
AG PO/RU+ PO/RU+ 

'::" 
1M 15 20 DC DC 

14 
RR 

19 
RR AOB1200 12·BIT LFlll00 BINARY 

O.OI.F 

POLYPROPYLENE { 13 OP AMP 18 
DG GNO 

CAPACITOR OUT 

28 
PIS 

SCLK 
DE 

'::" END OF 
DIGITAL CONVERSION 

GNO 

250 kHz START 
CLOCK CONVERSION 
INPUT 
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TRI·STATE 
DATA OUTPUT 



Absolute Maximum Ratings 

Supply Voltage (Vssl 5.25V 
Supply Voltage (VGGl -16.5V 
Voltage at Any Input 5.25V 
Operating Temperature aOc to +70°C 
Storage Temperature -40°C to +150°C 
Lead Temperature (Soldering, 10 secondsl 300°C 

Electrical Characteristics 

VSS = 5V, VGG = -15V, o°c to +70°C, unless otherwise specified. 

PARAMETER ~ONDITIONS MIN TYP MAX UNITS 

Power Supply Voltage (VSSl 4.75 5.00 5.25 V 

Power Supply Voltage (VGGl -13.5 -15.00 -16.5 V 

Power Supply Current (lssl 28 mA 

Power Supply Current (IGGl 
, 

34 mA 

Logic "1" Input Voltage 3.4 V 

Logic "0" Input Voltage 0.8 V 

Logic "1" Output Voltage VSS = 4.75V, IOH = 100 IlA 3.8 V 

Logic "0" Output Voltage VSS = 5.25V, IOL = -1.6 mA 0.4 Ii 

Width of EOC Auto Cycle 5/f sec 

Prop. Delay COMP to EOC 4/f 5/f+l Ils sec 

Output Enable Time OE to Any Data Output, 1.0 Ils 

SC = 1, PIS = 0 

Output Disable Time OE to Any Data Output, 2.4 IlS 

SC= 1, PIS = 0 

Output Enable Time Pis to Any Data Output 0.9 IlS 

Except Polarity, SC = 1, 

OE = 0 

Output Disable Time PIS to Any Data Output 2.2 Ils 

Except Polarity, SC = 1, 

OE= O· 

Output Enable Time SC to Any Data Output, 1.0 (ls 

OE = 0, PIS = 0 

Output Disable Time SC to Any Data Output, 2.4 IlS 

OE = 0, PIS = 0 

Prop. Delay Serial Clock SCLK to POL/SDO 0.6 IlS 

Conversion Time Full Scale 8966/f sec 

Conversion Time 100% Overrange 13062/f sec 

Maximum Clock Frequency CLK, Pin 27 500 1000 kHz 

Maximum Serial Clock Frequency SCLK, Pin 1 500 10qO kHz 
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Block Diagram 

Digital Control Integrated Circuit 

Vr 
' ~ I ADBIZOO 

X 
CLOCK 

GENERATOR 

~t 
OVERRANGE ~ 

I(ClK) 

DETECTOR 

13-BIT 
COUNTER 

~ 
-y OUTPUT ,... 

lATCHES -
SERIAL CLOCK 

tRI,STATE" BI-FET ANALOG (SClK) 
INTEGRATED CIRCUIT BUFFERS 
lFI3300 CONTAINING COMPARATOR IN (COMP) f 

OP AMP, SWITCHES, 
COMPARATOR AND 

RELATED CIRCUITRY 

! .. 
4LINES 

SWITCH CONTROL 
lOGIC .. 

START CONV_ (SC) 

OUTPUT ENABLE (!il!) 

PARALlEllSERIAl (PIS) 

Connection Diagram 

(SClK) SERIAL ClDCK 

(SC) START CDNVERSIDN 

urn OUTPUT ENABLE 

SIGN\~~~~~;~~~ Z-12 

PARALtEL DATA 
OUTPUT LINES 

2-11 

Dual·. n·line Package 

TOP VIEW 

+ 
POLARITY r+ LATCH 

t 

TRI,STATE 
ENABLE 

28 (~IS) PARALlEllSERIAl 
SELECT 

27 (CLKIINPUT CLOCK 

26 (COMP) COMPARATOR 
INPUT 

2' VGG 

24 Vss 

23 (EOC) END OF 
CONVERSION 

22 (RU-) RAMP NEGATIVE 

21' (POJI!.U+) PQlARIIY 
DETECT/RAMP UNKNOWN 

20 (DC) OFFSET 
CORRECTION 

(RR) RAMP REFERENCE 

GND 

17 (POLlSDO) POLARITYISERIAl 
DATA OUTPUT 

16 (DR) OVERRANGE 

15 2-1 (MSB) MOST 
SIGNIFICANT BIT 

Order Number ADB1200PCN 
Sae NS Package N2BA 
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Functional Description 

OPERATION 

The ADB1200 is designed for use with the LF13300 
analog front end. Four control signals are supplied to 
the LF13300 and 1 control signal is required from the 
LF13300. The conversion cycle is composed of 5 
distinct phases. They are: Phase I - Offset Correct; 
Phase II - Polarity Detect; Phase III - Initialization; 
Phase IV - Ramp Unknown; Phase V - Ramp Reference. 

Phase I - Offset Correct (256 Clock Periods) 

This phase is initiated by taking the Start Conversion 
(SC) and the Output Enable (OE) lines to a logic "1". 
At this time, Offset Correct (OC) wil.1 be a logic "1". 
The LF13300 requires this phase to correct any intrinsic 
offset voltage errors prior to the polarity detect phase. 

Phase II - Polarity Detect (256 Clock Periods) 

This phase is used to determine polarity of the analog 
input. At the midpoint of this phase, COMP from the 
LF13300 is examined for polarity. If COMP ~ logic 
"1", then the input voltage is positive. If COMP ~ 
logic "0", then the input is negative. The Polarity 
Detect signal (PD/RU+) will be at a logic "1" during 
this entire phase. The above operation is also necessary 
to determine which integrator input (positive or negative) 
of the LF13300 should be used for proper AID conver· 
sion (see LF13300 data sheet). 

Pha~e III - Initialization (256 Clock Periods) 

This phase is identical. to Phase I and is used by the 
LF13300 to eliminate any offsets induced as a result of 
the Polarity Detect Phase. Offset Correct (OC) will be at 
a logic Hl". 

Phase IV - Ramp Unknown (4096 Clock Periods) 

The unknown input voltage is integrated for a fixed 
time, 4096 clock periods, during this phase. The result 
of the Phase II Polarity Detect Cycle determines whether 
PD/RU+ or RU- will be at logic "1". If Phase II indicates 
a positive input, the PD/R U+ signal will be a logic "1". 
If phase II indicates a negative input, Ramp Negative 

Truth Table 

INPUT SC OE PIS LSB 

100% Full Scale 1 0 0 1 1 1 'I 1 

.Full Scale 1 0 0 1 1 1 1 1 

Zero 1 0 0 0 0 0 0 0 

Zero 1 0 0 0 0 0 0 0 

-Full Scale 1 0 0 1. 1 1 1 1 

-100% Full Scale 1 0 0 1 1 1 1 1 

Any 1 1 X Z Z Z Z Z 

Any 1 0 1 Z Z Z Z Z 

Any 0 X X Z Z Z Z Z 

1 ~ High 

0= Low 
Z = High Impedance 
X = Don't Care 

8-13 

(RU-) will be a logic "1". These 2 signals will never be 
at logic "1" simultaneously. 

Phas'l V - Ramp Reference 

This phase is a vari~ble length phase depending .on the 
magnitude of the analog input voltage. During this time, 
Ramp Reference (RR) will be in the logic "1" state. 
When COMP goes to a logic "0" state, or when the 
internal counter reaches 100% of full scale (8192 clock 
periods), the Ramp Reference (RR) signal goes to the 
logic "0" state, the counter output is loaded into the 
output register, and the End of Conversion (EOC) 
signal goes to a logic "1". The Polarity Bit will reflect 
whatever value was determined during Phase II. The 
output register will hold the data until a new conversion 
is completed and new data is loaded into the register. 
The OE line must be low in the logic "0" state and SC 
must be high in the logic "1" state to enable the outputs. 

DATA OUTPUTS 

Both serial and parallel outputs are available. In either 
case, OE must be low and SC must be high to enable 
the outputs. For parallel output, the PIS line must be 
low in the logic "0" state. F~r serial outputs, the PIS 
line must be high. In the serial mode, the data is shifted 
out of the Polarity/Serial Output (POL/SDO) line and all 
other data outputs are in the high impedance state. 
Each Serial Clock (SCLK) will right shift the output 
register one bit. Thus, 13 clock pulses are required to 
fully·shift out the data. The data will be shifted out in 
the following order: Polarity, Overrange, MSB, 2SB, 
3SB, ... , LSB. If OE and PIS are in the logic "0" state 
and SC in the logic "1" state, all outputs will momen· 
tarily go to the logic "1" state for 1 clock period 
immediately preceding EOC. 

CONTINUOUS CONVERT MODE 

In this mode, the End of Conversion (EOC) output is 
connected to the OE input. As long as SC is in the 
logic "1" state, then each EOC will initiate a new con
version. The data outputs will be disabled for the first 
5 clock cycles after EOC goes high. 

MSB 
OVER· 

POLARITY 
RANGE 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 0 1 

0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 0 0 

1 1 1 1 1 1 1 1 0 

Z Z Z Z Z Z Z Z Z 

Z Z Z Z Z Z Z Z Serial Output 

Z Z Z Z Z Z Z Z Z 

, , 



Timing Diagrams 

MORPIS 

DATA OUTPUT 

SCLK 

POL/SOD 

SC 

Output Enable/Disable Time 

DISABLE 
DELAY 

TRI-sTATE" 

Serial Clock Delay 

Output Enable/Disable Time 

4.0 
DATA ---+-~I\-0:::;A:....-____ !-_.....J 

FIGURE 1. Parallel ~ata 

Serial Output 

DISABLE 
DELAY 

EOCmE}~~ ___________________________ ___ 

I 
SCLK 1 

POL/SOD 

I 

1 

I 
I 
I 
I~--------------------------------

PIS --J 
1,-----------------------------------SC~ 
I 

FIGURE 2. Serial Data 
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Timing Diagrams (Continued) 
» 
C 
aI ..a. 

Positive Input N 
0 

I I 
0 

PHASE I PHASE II PHASE III PHASE IV I PHASE V I OFFSET POLARITY INITIAL· RAMP RAMP 
CORRECT DETECT IZATION UNKNOWN REFERENCE 

·1 1/1 1 
ClK n...ru-

SC 

OC 256 XI/I 256 XI/I r-
PD/RU+ 256 XI/I 4096 XI/I 

RR ~B192X1I1 L-
COMP 

EOC (DE) r5iil f5iiL 
OUTPUT n< DATA FROM PREVIOUS CONVERSION >-C DATA 

lTRI-STATE® 

Negative Input 

OC 256 X III 256 XI/I .--
PD/RU+ 256 XI/I 

RU- 4096 X III 

RR I ~B192X1I1 L-
COMP ~)I ~ ~ 

EOC (liE) I5iil f5iIL 
F IGU RE 3. Continuous Conversion Mode 

seNO.i~l1--------I 

. 0E~1l-------------
EOe NO. i I L _______ -' 

OATABUS-----~T~R~I.S~T~AT~E~·"-----~ 

FIGURE 4. ith A/D Converter Data Retrieval Sequence 
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~ Typical Applications (Continued) ,.. 
(£0 
C 
<C 

Multi AID Convertor System on Common Bus 

ith AID Converter 

TRI·STATE'" OUTPUTS TO DATA BUS . 

ADB1200 

LF13300 

VXi 

VXm 

25 

PG~I~_-+_. 

V-1-'4 __ • 

, 
CONTROL AND POWER BUS 

*May be common or separate. Care should be taken to avoid ground currents 
**Oirect or multiplexed 'access to the processor 

Note. This application is, related to Figure 4 of timing diagrams 
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SC~2~ ____ .., 

EDCIo=2~3 __ ...., 

CLK 27 

Vss iii! 
, 24 

5V liE 250 kHz EOC* * SC** 
CLOCK NO. i NO. i 



~National 
~ Semiconductor 
ADcoaoo a·Bit AID Converter 
General Description 
The ADC0800 is an B-bit monolithic AID converter 
using P·channel ion·implanted MOS technology. It 
contains a high input impedance comparator, 256 
series resistors and analog switches, control logic and 
output latches. Conversion is performed using a succes· 
sive approximation technique where the unknown 
analog voltage is compared to the resistor tie points 
using analog switches. When the appropriate tie point 
voltage matches the unknown voltage, conversion is 
complete and the digital outputs contain an 8·bit com· 
plementary binary word corresponding to the un· 
known. The binary output is TRI·STATE@ to permit 
bussing on common data lines. 

The ADC0800PD is specified over -55°C to +125°C 
and the ADC0800PCO is specified over O°C to 70°C. 

Block Diagram 

R·NElWORK 
TOP 

15 

1,...-+--, -- -- -- -P-'RE-SI-ST-OR

N·BOOY 

L 

:~ ... :::1d-450 

300 

I ANALOG I 
SWITCH+ .-J _ 

... --1I-----f--

300 

150 

R·NElWORK 
~OTTDM 

VIN 
ANALOG 

INPUT 
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Features 
• Low cost 
• ±5V, 10V input ranges 
• No missing codes 
• Ratiometric conversion 
• TRI·STATE outputs 

• Fast 
• Contains output latches 

• TT.L compatible 
• Supply voltages 
• Resolution 
• Linearity 
• Conversion speed 

• Clock range 

VSS 
(PMOS 
BODY) 

10 

A to D, D toA 

TC= 50llS 

5 VOC and -12 VOC 
8 bits 

±1 LSB 
40 clock periods 

50 to 800 kHz 

.... ___ ~II_o CLOCK 

SELECTION 
AND 

CONTROL 
LOGIC 

8·BIT 
LATCH 

END OF 
1--+-0 CONVERSION 

(EOC) 

L...--L._O -VGG 

-.J DIGITAL GROUND 

13 

MSB LSB 

COMPLEMENTARY 
DIGITAL OUTPUT 

(00000000 = +full·scale) 

l> 
c 
(") 

I 
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Absolute Maximum Ratings 
Supply Voltage (VDO) VSS-22V 
Supply Voltage (VGG) VSS-22V 
Voltage at Any Input VSS + 0.3V to VSS-22V 
Storage Temperature lS0°C 
Operating Temperature 

ADC0800PD -SSoC to +12SoC 

AOC0800PCD O°C to +70°C ' 
Lead Temperature (Soldering, 10 seconds) . 300°C 

Electrical Characteristics 
These specifications apply for VSS = 5.0 VDC, VGG = -12.0 VDC, VDD = 0 VOC, a reference voltage of 10.000 VOC across 
the on-chip R-network (VR-NETWORK TOP = 5.000 VDC and VR-NETWORK BOTTOM = -5.000 VDC), and a clock fre-
quency of 800 kHz. For all tests, a 475n resistor is used from pin S to ground. Unless otherwise noted, these specifications apply 
over an ambient temperature range of _55°C to +125°C for the ADC0800PD and OoC to +70°C for the AOC0800PCD. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Non-Linearity T A = 25°C, (Note 1) ±1 LSB 

Over Temperature, (Note 1) ±2 LSB 

Differential Non-Linearity ±1/2 LSB 

Zero Error ±2 LSB 

Zero Error Temperature Coefficient (Note 2) 0.01 %fC 

Full-Scale Error ±2 LSB 

Full-Scale Error Temperature Coefficient (Note 2) 0.01 %fC 

Input Leakage 1 pA 

Logical "1" Input Voltage AII·lnputs VSS-l.0 VSS V 

Logical "0" Input Voltage All Inputs VGG VSS-4.2 V 

Logical I nput Leakage T A = 25°C, All Inputs, VI L = 1 pA 

VSS -lOY 

Logical "I" Output Voltage All Outputs, IOH = 100 pA 2.4 V 

Logical "0" Output Voltage All Outputs, IOL = 1.6 mA 0.4 V 

Disabled Output Leakage T A = 25°C, All Outputs, VOL = 2 pA 

VSS@IOV 

Clock Frequency O°C~TA ~+70°C 50 800 kHz 

-55°C ~ TA ~ +125°C 100 500 kHz 

Clock Pulse Duty Cycle 40 60 % 

TRI-STATE Enable/Disable Time 1 ps 

Start Conversion Pulse (Note 3) 1 31/2 Clock 

Periods 

Power Supply Current TA = 25°C 20 mA 

Note 1: Non-linearity specifications are based on best straight line. 
, 

Note 2: Guaranteed by design only. 
Note 3: Start conversion pulse duration greater than 31/2 clock periods will cause conversion errors, 

8-18 



Timing Diagram 

CLOCK 
INPUT 

+svJUUU 

nv 

+sv-n 
START 

CONVERSION nv~ ~·~l-------------------------------
Enc 

+sv, 
\-_. ---- 40 x 111f1-----/ 

OV \,\.------1111-----..1. 
+sv 

OUTPUT 
ENABLE 

OV 
IIs0% I\SO% 

/ 

+SV 90% 
DATA 

/,90'10 
- - - - - rrRI-STATEi - - - - ~ --

\10% 10% OV 
E~:~~~_ I~ DISABLE I~ DELAV-

Data is complementary binary (full scale is all "O's" output). 

Application Hints 
OPERATION 

The ADC0800 contains a network with 256·300n 
resistors in series. Analog switch taps are made at the 
junction of each resistor and at each end of the net· 
work. In operation, a reference (10.00V) is applied 
across this network of 256 resistors. An analog input 
(VIN) is first compared to the center point of the 
ladder via the appropriate switch. If V IN is larger than 
VREF/2, the internal logic changes the switch points 
and now compares VIN and 3/4 VREF. This process, 
known as successive approximation, continues until the 
best match of VIN and VREF/N is made. N now defines 
a specific tap On the resistor network. When the conver
sion is complete, the logic loads a binary word corres
ponding to this tap into the output latch and an end of ' 
conversion (EOC) logic level appears. The output latches 
hold this data valid until a new conversion is completed 
and new data is loaded into the latches. The data transfer 
occurs in 'about 200 ns so that valid data is present 
virtually all the time. Conversion requires 40 clock 
periods. The device may be operated in the free run· 
ning mode by connecting the Start Conversion line to 
the End of Conversion line. However, to ensure start-up 
under all possible conditions, an external Start Conver
sion pulse is required during power up conditions. 

REFERENCE 

The reference applied across the 256 resistor network 
determines the analog input range. VREF = 10.00V 
with the top of the R-network connected to 5V and the 
bottom connected to -5V gives a ±5V range. The 
reference can be level shifted between VSS and V GG. 
However, the voltage, which is applied to the top of the 
R·network (pin· 15). must not exceed VSS to prevent 
forward biasing the on·chip parasitic silicon diode 
which exists between the P·diffused resistors (pin 15) 
and the N·type body (pin 10, VSS). Use of a standard 
logic power supply for VSS can cause problems, both 
due to initial voltage tolerance and changes over tem
perature. A solution is to power the VSS line (15 mA 
max drain) from the output of the op amp which is 
used to bias the top of the R·network (pin 15). The 
analog input voltage and the voltage which is applied 
to the bottom of the R·network (pin 5) must be at 
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least 7V above the -VDD supply voltage to insure 
adequate voltage drive to the analog switches. 

Other reference voltages may be used (such as 10.24V). 
.If a 5V reference is used, the analog range will be 5V 
and accuracy will tie reduced by a factor of 2. Thus, for 
maximum accuracy, it is desirable to operate with at 
least a 10V reference. For TTL logic levels, this requires 
5V and -5V for the R·network. CMOS can operate at 
the 10 VDC VSS level and a single 10 VDC reference 
can be used. All digital voltage levels for both inputs and 
outputs will be from ground to VSS. 

ANALOG INPUT AND SOURCE RESISTANCE CON
SIDERATIONS 

The lead to the analog input (pin 12) should be kept as 
short as possible. Both noise and digital clock coupling 
to this input can cause conversion errors. To minimize 
any input errors, the following source resistance consid· 
erations should be noted: 

For Rs ~ 5k No analog input bypass capacitor 
required, although a 0.1 /LF input 
bypass capacitor will prevent pick· 
up due to unavoidable series lead 
inductance. 

For 5k < Rs ~ 20k A 0.1 /LF capacitor from the input 
(pin 12) to ground should be used. 

For Rs > 20k I nput buffering is necessary. 

If the overall converter system requires lowpass filtering 
of the analog input signal, use a 20 kn or less series 
resistor for a passive RC section or add an op amp RC 
active lowpass filter (with its inherent low output 
resistance) to insure accurate conversions. 

CLOCK COUPLING 

The clock lead should be kept away from the analog 
input line to reduce coupling. 

LOGIC INPUTS 

The logical "1" input voltage swing for the Clock, Start 
Conversion and Output Enable should be (VSS - 1.0V). 
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Application Hints (Continued) 

CMOS will satisfy this requirement but a pull·up resistor 
should be used for TTL logic inputs. 

RE-START AND DATA VALID AFTER EOC 

The EOC line (pin 9) will be in the low state for a maxi
mum of 40 clock periods to indicate "busy". A START 
pulse which occurs while the AID is BUSY will reset the 
SAR and start a new conversion with the EOC signal 
remaining in the low state until the end of this new 
conversion. When the conversion is complete, the EOC 
line will go to the high voltage state. An additional 4 
clock periods must be allowed to elapse after EOC goes 
high, before a new conversion cycle is requested. Start 
Conversion pulses which occur during this last 4 clock 
period interval may be ignored (see Figures 1 and 2 for 
high speed operation). This is only a problem for high 
conversion rates and keeping the number of conver
sions per second less than (1/44) x fCLOCK automati
cally guarantees proper operation. For example, for an 
800 kHz clock, 18,000 conversions per second are 
allowed. The transfer of the new digital data to the 
output is initiated when EOC goes to the high voltage 
state. 

POWER SUPPLIES 

Standard supplies are VSS = 5V, VGG = -12V and 
VDD = OV. Device accuracy is dependent on stability 
of the reference voltage and has slight sensitivity to 
VSS - VGG. VDD has no effect on accuracy. Noise 
spikes on the VSS and VGG supplies can cause improper 
conversion; therefore, filtering each supply with a 
4.7 JlF tantalum capacitor is recommended. 

IL.. __ ----Ir 
IFROM:~~ ~------i 

START 
CONVERSION _--..--.... 

C 
CLEAR 

CONTINUOUS CONVERSIONS AND LOGIC CON
TROL 

Simply tying the EOC output to the Start Conversion 
input will allow continuous conversions, but an oscilla
tion on this line will exist during the first 4 clock periods 
after EOC goes high. Adding a 0 flip-flop between EOC 
(0 input) to Start Conversion (Q output) will prevent 
the oscillation and will allow a stoplcontinuous control 
via the "clear" input. 

To prevent missing a start pulse which may occur after 
EOt goes high and prior to the required 4 clock 
period time interval, the circuit of Figure 1 can be used. 
The RS latch can. be set at any time and the 4-stage 
shift register delays the application of the start pulse 
to the AID by 4 clock periods. The RS latch is reset 
1 clock period after the AID EOC signal goes to the low 
voltage state. This circuit also provides a Start Conver· 
sion pulse to the AID which is 1 clock period wide. 

A second control logic application circuit is shown in 
Figure 2. This allows an asyn'chronous start pulse of
arbitrary length less than TC, continuously converts for 
a fixed high level and provides a single clock period 
start pulse to the AID. The binary counter is loaded with 
a count of 11 when the start pulse to the AID appears. 
Counting is inhibited until the EOC' signal from the AID 
goes high. A carry pulse is then generated' 4 clock 
periods after EOC goes high and is used to reset the 
input RS latch. This carry pulse can be used to indicate 
that the conversion is complete, the data has transferred 
to the output buffers and the system is ready for a new 
conversion cycle. 

MM14C175 

START CONVERSION 
ITO A/D) 

FIGURE 1.'Delaying an Asynchronous Start Pulse 

JL 
START 

CONVERSION ~::[)c~-------r"""')O--tt=.:!....!::~~ START CONVERSION 
(lOA/D) 

+------ICARRV MM14C161 

{FROM!~~I ~+-----i 

READY FOR 
NEXT CONVERSION 

INPUTS 
CLOCK 

GND Vcc Vcc GNU Vee 
1 1 0 1 

ADCOl1l0 
CLOCK 

FIGURE 2. AID Control Logic 
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Application Hints (Continued) 

ZERO AND FULL·SCALE ADJUSTMENT 

Zero Adjustment: This is the offset voltage required at 
the bottom of the R·network (pin 5) to make the 
11111111 to 11111110 transition when the input 
voltage is 1/2 LSB (20 mV for a 10.24V scale). In most 
cases, this can be accomplished by having a 1 kn pot on 
pin 5. A resistor of 475n can be used as a non·adjustable 
best approximation from pin 5 to ground. 

Typical Applications 
General Connection 

.'v'-t---, ov -12V CLOCK 

OUTPUT ENABLE 

sc 
E.C 

Hi-Voltage CMOS Output Levels 
"lOV 

ADCOIQO 

OV to IOV VIN range 
OV to IOV output levels 

Full·Scale Adjustment: This is the offset voltage required 
at the top of the R·network (pin 15) to make the 
00000001 to 00000000 transition when the input 
voltage is 1 1/2 LSB from full·scale (60 mV less than 
full·scale for a 10.24V scale). This voltage is guaranteed 
to be within 2 LSB for the ADC0800. In most cases, 
this can be accomplished by having a 1 kn pot on pin 
15. 

Ratiometric Input Signal with Tracking Reference 

'5V 

10 

ADCD8DO 

-12V 

Level Shifted Zero and Full·Scale for Transducers 

Level Shifted Input Signal Range 

",.----------
g 

~ 
~ 
~ 

~ 
i:! 

t5 

'00 
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10.DOV 
VREF 

R2 , .. 

.,v 

., 
14. 

lk FULL SCALE 

15 ,. 

ADC0800 

Rl and R2 change the effective input range 
-IZV by IV/IO kn 
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Typical Applications (Continued) 

VREF = 10 VOC With TTL Logic Levels 

2.7k 

IA' 1% 

5Voc 

4.99Jr ,. 

t 15VOC 
ANALOG 

INPUT 

::e-
n':'" 

EOC 

OUTPUT 
ENABLE 

*s~e application hints 

A 1 and A2 = LM358N dual op amp 

VREF = 10 VOC With 10V CMOS Logic Levels 
2.711 &.9Voc 

16 "ocO-""'"..,. .... --, 

" 
lM329DZ 

3i.n ,'" 

16" 

ANALOG 
INPUT 

EOC 

ENABLE 
OUTPUT 

4.7pF 

"¥ *See application hints 
- 1Voc 

Input Level Shifting 
16" 

-5V TO 5V INPUT 
TO AOCGBIO 

-12V 

LM:J3& LM33& 

"' ADJUST FOR -5V 
OUT WITH av INPUT 

MICROPROCESSOR INTERFACE 

Figure 3 and the following sample program are included 
to illustrate both hardware and software requirements to 
allow output data from the ADC0800 to be loaded into 
the memory of a 'microprocessor system. For this exam
ple, National's I NS8060, SC/MP II, microprocessor has 
been used~ 
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• Permits TTL compatible outputs with 
OV to 10V input range (OV to -10V 
input range achieved by reversing 
polarity of zener diodes and returning 
the S.8k resistor to V-I. 

The sample program, as shown, will start the converter, 
load the converter's output data into the accumulator, 
keep track of the number of data bytes entered, com
plement the data and store this data into sequential 
memory locations. After 256 bytes havE! been entered, . 
the control jumps to the user's program where proces-



Typical Applications (Continued) 

sing of the data entered will be implemented. A more 
practical program whereby each data byte entered will 
be processed before another entry· is made can easily be 
done by jumping back to the user's program at the end 
of the interrupt routine (where the data is loaded into 
the accumulator and stored in memory). The end of 
the user's program should provide a jump back to the 
INITIALIZE statement to start a new conversion and 
generate a new data entry. 

The following arbitrarily chosen addresses and pointer 
assignments are used in this example: 

Pointer 1 - WORD COUNT (ADDR:Ol00) 
Also used to point to the A/D converter at 
address 0500 for this example when data is 
to be entered. 

Pointer 2 - ENTERED DATA (ADDR's: 0200 .... 02FF) 
Data is stored in 2's complement binary 
form, i.e, 01111111 -> +full-scale and 
10000000 -> - full-scale. 

Pointer 3 - LOAD DATA SUBROUTINE (starts at 
ADDR:0300) 
Executed when an EOC signal generates an 
interrupt request via sense A' after an I EN 
(interrupt enable) instruction. . 

The address for the converter (0500) is unique for this 
particular sampI~ program but may not be in a user's 
system so a different converter address must be used. 
Note that in Figure 3 ADX and ADY for the address 
decode circuitry would be address bits ADB 1 0 and 
ADB8 (pins 35 and 33 on the SC/MP 11 package) for 
converter address 0500. 

SAMPLE PROGRAM TO LOAD DATA INTO MEMORY WITH SC/MP II. 

0001 08 
0002 C401 
0004 35 
0005 C400 
0007 31 
0008 C402 
OOOA 36 
0008 C400 
0000 C900 
OOOF 32 
0010 C403 
0012 37 
0013 08 
0014 C400 
0016 33 
0017 C401 
0019 07 
001A Cl00 
001C F4 FF 
001E 9805 

0020 05 
0021 08 
0022 90FE 
0024 OB 

START: NOP 
LDIX'OI 
XPAH 1 
LDIX'OO 
XPAL 1 
LDIX'02 
XPAH 2 
LDIX'OO 
ST(Pl) 
XPAL 2 
LDIX'03 
XPAH 3 

;Pl =0100 

; Zero word count (Pl) 
; P2· 0200 

INITIALIZE: NOP 
LDIX'OO 
XPAL3 
LDIX'OI 

; P3 = 0300 

CAS ; Starts converter via flag 0 
LD (PI) 
XRIX'FF 
JZ DTA IN ; Test to see if word count is FF. 

if so, iump to DTA IN 
lEN ; Enables INTERRUPT 

LOOP: NOP 
JMP LOOP ; Loop until EOC 

DTA IN: NOP 

; User program to process data 

:DATA ENTRY SUBROUTINE 
0300 OB DATA IN SR: NDP 
0301 A900 ILO (PI) ; Increment word count 
0303 C405 LDIX'05 
0305 35 XPAH 1 ; Pl will point to converter 
0306 Cl00 LD(Pl) ; Converter data'ioaded into 

a~cumulator 

030B F47F XRIX7F ; Put data in 2'5 complement form 
030A CE 01 ST@ 1(P2) ; Store data 
030C C400 LDIX'OO 
030E 07 CAS ; Resets flag 0 
030F C401 LDIX'OI 
0311 35 XPAH 1 ; Resets Pl to point at word count 
0312 C413 LDIX'13 
0314 33 XPAL3 
0315 3F XPPC3 ; Return to INITIALIZE to start a 

new conversion 
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Typical Applications (Continued) 

4.99k 
1% 

5V 

16 
(19) 10 VCC 

FLAG 0 B 
1/2 MM74C221 Q 

..1"1..!:.PW 
5 

- R·NETWORK 

ADX *,",---,-........ 

* ADV 

NADS 

MM74COO 

lk ZERO 
ADJ ANALOG 

5V 0-_ ......... _ .. 

0 Q 

1/2 MM74C74 

GNO 

-

INPUT 
(-5V TO+5V) 

5V 

XOUT (38) 
(1 MHz) 

-
CLR PRST 

CLK Q 

1/2 MM74C74 

500 kHz 

• Setting flag 0 (FLGO = 1) with software, starts conversion (FLGO must be cleared before another conversion can be initiated) 
• With interrupt enabled an EOC will force an interrupt. Interrupt subroutine should load converter data into the accumulator. 

• Output data is in complementary offset binary form 

• Numbers in parentheses denote pin numbers of SC/MP chip 

* ADX and ADY can be any of the address lines but they must be high only at the time the converter output data is to be put on the data bus 
(i.e., the converter must have its own unique address) 

FIGURE 3. Interfacing to the SC/MP II Microprocessor 
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Typical Applications (Continued) 

TESTING THE AID CONVERTER 

There are many degrees of complexity associated with 
testing an AID converter. One of the simplest tests is to 
apply ,a known analog input voltage to the converter 
and use LED's to display the resulting digital output 
code as shown in Figure 4. Note that the LED drivers 
invert the digital output of the AID converter to provide 
a binary display. A lab DVM can be used if a precision 
voltage source is not available. After adjusting the zero 
and full-scale, any number of points can be checked, 
as desired. 

For ease of testing, a 10.24 VDC reference is recom
mended for the AID converter. This provides an LSB of 
40 mV (10.240/256). To adjust the zero of the AID, an 
analog input voltage of 1/2 LSB or 20 mV should be 

START 

applied and the zero adjust potentiometer should be set 
to provide a flicker on the LSB LED readout with all the 
other display LEOs OFF. 

To adjust the full-scale adjust potentiometer. an analog 
input which is 11/2 LSB less than the reference (10.240-
0.060 or 10.180 VDC) should be applied to the analog 
input and the full-scale adjusted for a flicker on the LSB 
LED. but this time with all the other LEOs ON. 

A complete circuit for a simple AID tester is shown in 
Figure 5. Note that the clock input voltage swing and 
the digital output voltage swings are from OV to 10.24V. 
The MM74C901 provides a voltage translation to 5V 
operation and also the logic inversion so the readout 
LEOs are in binary. 

AID 
UNDER TEST 

ANALOG 
INPUT 

I 
I 
+ 
~ 

OUTPUT 
ENABLE 

v, 

>e>-Jt.IIAr-t ..... H-osv 

BINARV DISPLAV 

FIGURE 4. Basic AID Tester 

IPDWE~~tOp~r~lo---""---""---",,,,,+ 

10.24V-n r
ov-l L.I 

1= 800kHz 

1k 
FULL-SCALE 

ADJUST 

OUTEN 

ADC0800 
UNDER TEST 

~10"F 

10 

Vss 

"F 1D "F 

V- = ":' 
-lVDC 

FIGURE 5. Complete Basic Tester Circuit 
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Typical Applications (Continued) 

The digital output LED display can be decoded by 
dividing the 8 bits into the.4 most significant bits and 
4 least significant bits. Table I shows the fractional 
'binary equivalent of these two 8·bit groups. By adding 
the decoded voltages which are obtained from the col· 
umn: '''-Input Voltage Value with a 10.240 VREF" of 
both the MS and LS groups, the value' of the digital 
display can be determined. For ,example, for an output 
LED display of "lOll OlIO" or "B6" (in hex) the 
voltage values from the table are 7.04 + 0.24 or 

7 .280 VDC. These voltage values represent the center 
values of a perfect A/D converter. The input voltage has 
to change by ±1/2 LSB (±20 mV). the "quantization 
uncertainty" of an A/D, to obtain an output digital code 
change. The effects of this quantization error have to be 
accounted for in the interpretation of the test results. 
A plot of this natural error source is shown in Figure 6 
where, for clarity, both the analog input voltage and the 
error voltage are normalized to LSBs. 

TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

HEX 

F 1 
E 1 

0 1 
C 1 
B 1 
A 1 

9 1 

8 1 

7 0 

6 0 
5 0 
4 0 
3 0 
2 0 
1 0 
0 0 

BINARY 

1 1 1 
1 1 0 
1 O. 1 

1 0 0 
0 1 1 
0 1 0 

0 0 1 

0 0 0 1/2 
1 1 1 
1 1 0 
1 0 1 
1 0 0 
0 1 1 

0 1 0 
0 0 1 
0 0 0 

FRACTIONAL BINARY VALUE FOR 

MSGROUP 

718 

3/4 

5/8 

3/8 

1/4 

1/8 

;; 1 
~ 

15/16 

13/16 

11/16 

9/16 

7/16 

5/16 

3/16 

1/16 

LSGROUP 

7/128 

3/64 

5/128 

1/32 

3/128 

1/64 

1/128 

15/256 

13/256 

11/256 

9/256 

71256 

5/256 

3/256 

1/256 

~ 1/2 t-- r- -- ~---c--

~ 0 ~I ~2 ~3 
; -In ~~-~~-'~~-... 
~ -I ANALOG INPUT VOLTAGE (IN LSB.I 

INPUT VOLTAGE 
' VALUE WITH 

10.24VREF 
MSGROUP LSGROUP 

9.600 0.600 

8.960 0.560 

8.320 0.520 

7.680 0.480 
7.040 0.440 

6.400 0.400 

5.760 0.360 

5.120 0.320 

4.480 0.280 
3.840 0.240 
3.200 0.200 

2.560 0.160 
1.920 0.120, 

1.280 0.080 
0.640 0.040 
0 0 

FIGURE 6. Error Plot ota Perfect A/D Showing Effects of Quantization Error 
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Typical Applications (Continued) 

A low speed ramp generator can also be used to sweep 
the analog input voltage and the LED outputs will 
provide a binary counting sequence from zero to full
scale. 

The techniques described so far are suitable for an 
engineering evaluation or a quick check on performance. 
For a higher speed test system, or to obtain plotted 
data,. a digital·to·analog converter is needed for the 
test set·up. An accurate 10-bit DAC can serve as the 
precision voltage source for the AID. Errors of the AID 
under test can be provided as either analog voltages or 
differences in two digital words. 

A basic AID tester which uses a DAC and provides the 
error as an analog output voltage is shown in Figure 7 . 

. The 2 op amps can be eliminated if a lab DVM with a 
numerical subtraction feature is available to directly 
readout the difference voltage, "A-C". The analog 

ANALOG INPUT 
VOLTAGE 

"A" 

"8" 
"C" 

1DOX ANALOG 
ERRQRVOLTAGE 

All R's ~ 0.05% tolerance 

FIGURE 7. AID Tester with Analog Error Output 

input voltage can be supplied by a low frequency ramp 
generator and an X· Y plotter can be used to provide 
analog error (Y axis) versus analog input (X axis). The 
construction details of a tester of this type are provided 
in the NSC application note AN·179, "Analog-to
Digital Converter Testing". 

For operation with a microprocessor or a computer
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of' 
Figure 8 where the output code transitions can be 
detected as the 10-bit DAC is incremented. This provides 
1/4 LSB steps for the B·bit AID under test. If the results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the Y 
axis, a useful transfer function of the AID under test 
results. For acceptance testing, the plot is not necessary 
and the testing speed can b~ increased by establishing 
internal limits on the allowed error for each code. 

DIGITAL 
INPUT 

FIGURE 8. Basic "Digital" AID Tester 

OIGITAL 
OUTPUT 

Connection Diagram 
Dual-In-Line Package 

.-
NET· 

WORK lSB 
2-6 TOP 2-7 2-8 VIN CLOCK Vss 

18 17 16 15 14 13 12 11 10 

- f0-

r-- l-

I , 3 • 5 6 I • • 
,--4 ,·3 ,., ,-I .. STRT OUTPUT vo. EDC 

. MSB NET· CONY ENABLE 
WORK 

BOTTOM 
TOP VIEW 

Order Number ADCOSOOPD (-55°C to +125°C) 
or ADCOSOOPCD (O°C to +70°C) 

Sae NS Package D1SA 
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~National . 
~ Semiconductor 

A to D, D to A 

ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 8·Bit ItP 
Compatible AID Converters 

General Description 
The ADCOS01, ADCOS02, ADCOS03, ADCOS04 and 
ADCOS05 are CMOS S-bit successive approximation A/D 
converters which . use a differential potentiometric 
ladder-similar to the 256R products. These converters· 
are designed to allow operation with the NSCSOO and 
INSSOSOA derivative control bus, and TRI-STATE® 
output latches directly drive the data bus. These A/Ds 
appear like memory locations or I/O ports to the micro· 
processor and no interfacing logic is needed. 

A new differential analog voltage input allows increasing 
the common·mode rejection and offsetting the analog 
zero input voltage value. In addition, the voltage refer· 
ence input can be adjusted to allow encoding any smaller 
analog voltage span to the full S bits of resolution. 

Features I 

• Compatible with S080 JlP derivatives-no inter
facing logic nee.ded - acce~s time - 135 ns 

• Easy interface to ali microprocessors, or operates 
"stand alone" 

Typical Applications 

(Y' 
• cs 
2 

Vee 
RO eLK R 

20 

.9 

• Differential analog voltage inputs 

• Logic inputs and outputs meet both MaS and T2L 
voltage level specifications 

• Works with 2.5V (LM336) voltage reference 

• On·chip clock generator 
• OV to 5V analog input voltage range with single 5V 

supply 

• No zero adjust required 
• 0.3" standard width 20-pin DIP package 

• Operates ratiometrically or with 5 VDC, 2.5 VDC, 
or analog span adjusted voltage reference 

Key Specifications 
• Resolution 
• Total error 
• Conversion time 

y 

S bits 
±1/4 LSB, ±1/2 LSB and ±1 LSB 

100 JlS 

J'~ 3 

T .10" 
~NSDueER Wli 4 10k 

'" 8080 Interface 

5 

II 

'2 

'3 
14 

15 

16 

11 

'8 

ilI'fR 
D87 

D86 
AID 

DB5 

DB< 

D03 

D82 

DB1 

D80 

~------~ ~------~ 

iiDl---~ 
NSC800. 

~~:.. WR 1----+01 
8048. 
ETC. 104----/1NTl! 

A 
DATA 

AID 

, TRI-8TATee Is a regIstered trademark of National Semiconductor Corp. 

eLKIN ,.....-
8·81T RESOLUTION 
OVER ANY DESIRED 

J 
ANALOG INPUT 

VIN(+) 6 VOLTAGE RANGE 
SEE SECTION 2A.1 

7 >~IFF INPUTS - '--VIN(-) 
I 8 

AGNO 

VREFI2 .L.o~~:~:g~IDN ~ '::" 
10 2.4.1 

DGND~ 

ERROR SPECIFICATION (INCLUDES FULL-SCALE, ZERO ERROR, AND NON-LINEARITY' 

PART NUMBER 
FULL-SCALE VREFI2· 2.500 Voc VREF/2" NO CONNECTION 
ADJUSTED INO ADJUSTMENTSI (NO ADJUSTMENTS) 

ADC0801 ±1/4 LSB 

ADC0802 :t1/2 LSB 
ADC0803 ±1/2 LSB 
ADCOB04 ±f l.SS 
AOCOB05 ±1 LSB 
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Absolut~ Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Voltage (VCC) (Note 3) 
Voltage 

Logic Control Inputs 

6.SV 

-0.3V to +lSV 
At Other Input and Outputs 

Storage Temperature Range 
Package Dissipation at T A = 2So C 

-0.3V to (VCC + 0.3V) 
-65°C to +lS0°C 

S7SmW 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

Temperature Range 
ADCOS01/02LD 
ADCOS01/02/03/04LCD 
ADCOS01/02/03/0SLCN 
ADCOB04LCN 

Range of VCC 

TMIN 5 TA 5 TMAX 
-5SoC 5 TA 5 +12SoC 
-400 C 5 TA 5 +Ssoc 
-40°C 5 TA 5 +S5°C 

0°C5TA5+70°C 

4.S VDC to 6.3 VDC 

The following specifications apply for VCC = 5 VOC, TMIN ~ TA ~ TMAX and fCLK = 640'kHz unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ADC0801: 

Total Adjusted Error With Full·Scale Adj. ±1/4 LSB 

(NoteSI (See Section 2.5.2) 

ADCOB02: 

Total Unadjusted Error VREF/2 = 2.500 VDC ±1/2 LSB 

(NoteSI 

ADCOS03: 

Total Adjusted Error With Full·Scale Adj. ±1/2 LSB 

(Note BI (See Section 2.5.21 

ADCOB04: 

Total Unadjusted Error VREF/2 = 2.500 VDC ±1 LSB 

(NoteSI 

ADCOBOS: 

Total Unadjusted Error VREF/2-No Connection 
·±1 LSB 

(Note BI 

VREF/2 Input Resistance (Pin 91 ADC0801/02/03/05 2.S B.O kn 

ADCOB04 (Note 9) 1.0 1.3 kn 

Analog Input Voltage Range (Note 41 V(+I or VH Gnd-O.OS VCC+O.OS VDC 

DC Common-Mode Error Over Analog Input Voltage ±1/16 ±I/B LSB 

Range 

Power Supply Sensitivity VCC = S VDC ±1O% Over ±1/16 ±I/B LSB 

Allowed VIN(+I and VINH 

Voltage Range (Note 41 

AC Electrical Characteristics 
The "following specifications apply for VCC = 5 VOC and T A = 25°C unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Tc Conversion Time fCLK = 640 kHz (Note 61 103 114 /Js 

Tc Conversion Time (Note.5,61 66 73 l/fCLK 

fCLK Clock Frequency VCC= 5V, (Note 6) 100 640 1460 kHz 

Clock Duty Cycle (Note 5) 40 60 % 

CR Conversion Rate In Free-Running INTR tied to WR with B770 conv/s 
Mode es = 0 VDC, fCLK = 640 kHz 

'W(WRIL Width of WR Input (Start Pulse es = 0 VDC (Note 71 100 ns 

Widthl 

tACC Access Time (Delay from CL = 100 pF 136 200 ns 

Palling Edge of lID to Output 

Data Validl 

tlH.tOH TRI·STATE COntrol (Delay CL=10pF,RL=10k 126 200 ns 

from· Rising Edge of AD to (See TRI·STATE Test 

Hi·Z State I Circuits) 

tWl,tRI Delay from Falling Edge 300 450 ns 

of WR or lID to Reset of INTR 

CIN Input Capacitance of Logic 5 7.S pF 

'Control Inputs 

I COUT TR I·STATE Output 6 7.6 pF 

Capacitance (Data Buffers) 
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Electrical Characteristics 
The following specifications apply for V CC = 5 V DC and TM IN S T AS TMAX, unless otherwise specified. 

PARAMETER 
f I CONDITIONS I MIN I TYP I MAX I UNITS 

CONTROL INPUTS [Note: ClK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore'specified separately] 

VIN (1) logical "1" Input Voltage VCC = 5.25 VDC 2.0 15 VDC 
(Except Pin 4 ClK IN) 

VIN (0) logical "0" Input Voltage VCC= 4.75 VDC O.S VDC 
(Except Pin 4 ClK IN) 

liN (1) Logical "I" Input Current VIN=5VDC 0.005 1 ,uADC 
(All Inputs) 

liN (0) logical "0" Input Current VIN=OVDC -1 -0.005 ,uADC 
(All Inputs) 

CLOCK IN AND CLOCK R 

VT+ ClK IN (Pin 4) Positive Going 2.7 3.1 3.5 VDC 
Threshold Voltage 

VT- ClK IN (Pin 4) Negative 1.5 l.S 2.1 VDC 
Going Threshold Voltage 

VH ClK IN (Pin 4) Hysteresis 0.6 1.3 2.0 VDC 
(VT+) - (VT-) 

VOUT(O) logical "0" ClK R Output 10 = 360,uA 0.4 VDC 
Voltage VCC=4.75VDC 

VOUT(I) logical "I" ClK R Output 10=-360,uA 2.4 VDC 
Voltage VCC= 4.75 VDC 

DATA OUTPUTS AND INTR 

VOUT(O) logical "0" Output Voltage 

Data Outputs lOUT = 1.6 rnA, VCC = 4.75 VDC 0.4 VDC 
INTR Output lOUT = 1.0 rnA, VCC = 4.75 VDC 0.4 VDC 

VOUT(I) logical "I" Output Voltage 10 = -360,uA, VCC = 4.75 VDC 2.4 VDC 

VOUT(I) logical "I" Output Voltage 10 = -10 ,uA, VCC = 4.75 VDC 4.5 VDC 

lOUT TRI-STATE Disabled Output VOUT=OVDC -3 ,uADC 
Leakage (All Data Buffers) VOUT=5VDC 3 ,uADC 

ISOURCE VOUT Short to Gnd. TA = 2SoC 4.5 6 mADC 

ISINK VOUT Short to VCC, TA = 25°C 9.0 16 mADC 

POWER SUPPLY 

ICC Supply Current (Includes fClK = 640 kHz, 
ladder Current) VREF/2 = NC, T A = 25°C 

and CS= "I" 

ADCOS01/02/03/05 1.1 I.S mA 

ADCOS04 (Note 9) 1.9 2.5 rnA 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd. 

Note 3: A zener diode exists, internally, from VCC to Gnd and has a typical breakdown voltage of 7 VOC. 
Note 4: For VINH 2: VIN(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the VCC supply. Be careful, 
during testing at low VCC levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, 
and cause errors for analog inputs near full-scale. The spec allOY\.'5 50 mV forwilrd bias of either diode. This means that as long as the analog VIN 
does not exceed the supply voltage by more than 50 mY, the output code will be correct. To achieve an absolute 0 VOC to 5 VOcinputvoltage 
range will therefore require a minimum supply voltage of 4.950 Voe over temperature variations, initial tolerance an,d IQading. 

Note 5: Accuracy. is guaranteed at fCLK = 640 kHz. At higher clock frequencies accuracY'can degrade. For lower clock frequencies, the duty 
cycle limits can be extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns. 

Note 6: With an asynchronous start pulse, up to 8 clock periods mav be required before ,the internal clock phases are proper to start the conversion 
process. The start request is internally latched, see Figure 2 and section 2.0. 
Nota 7: The CS input is assumed to bracket the WR str'1be input and therefore timing is dependent on the Wl'i pulse width. An arbitrarily wide 
pulse width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see 
timing diagramsl. 
Note 8: None of these AIDs requires a zero adjust (see section 2.5.11. To obtain zero code at other analog input voltages see section 2.5 and 
Figure 5. 

Note 9: F.or AOC0804lCO typical value of VREF/2 input resistance is B kSl and of ICC is 1.1 mAo 0 
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Typical Performance Characteristics 

Logic Input Threshold Voltage 
vs. Supply Voltage 

~ 1.8. ,.....,,...,....,....,..._..,.55::-oC~S-T ... A~S.,.+TIZ:-5!"oC"T""1 

~ 1.7 H-t-l-++-t-H-t::.f"'t-I 
CI 

~ 1.6 H-t-+++-i:7'F-"'++-H~ 
~ 
~ 1.5 H-t;--ioo ,,"'I-+-+--H-+-+-+--l 
~ """ 
!!1 1.4 i""-l-t-l-++-f--,H-t-l--H 
" .,. 
~ 1.3 L.-J...J.-'--'--'-J...J'--'-'--'-..J.....J 

4.50 4.75 5.00 5.Z5 5.50 

Vce -SUPPLY VOLTAGE (Vuci 

fClK vs. Clock Capacitor 

1000~. 
~ =Ik 

R- Ok 

1\ , , 
'Z" 

100 '---l..-L..L.I.lJJJLl.I\.....l-'-J....ilOJ.J..WI 
10 100 IODD 

CLOCK CAPACITOR (pFI 

Output Current vs Temperature 

8 r-r..,........,...,...,...-r-r"VC-C-'"'"5""V-OC""'" 

4H--Pt-.!--H-++-t-1'-ok:I-H 

3 H+-Hf-L-,-IIS"':IN"K~ ...... H-+-HH 
r VOUT. 0.4-V"'OC.JI"'L.L-"-, 

zL...L....L..J...J....""::'::':-"'-':::.J.....L:= 
-50 -Z5 0 Z5 50 75 100 IZ5 

T A - AMBIENT TEMPERATURE eCI 

400 

:! 

Delay From Falling Edge of 
RD to Output Data Valid 
vs. load Capacitance 

~ 300 

CI 

zoo 

100 
o ZOO 400 600 800 1000 

LOAD CAPACITANCE (pFI 

Full·Scale Error vs 
Conversion Time 

8 nr.-~ro~~~~~ 
TC·7311ClK 
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TC. CONVERSION TIME (psi 

Power Supply Current 
vs Temperature (Note 9) 

140 

1: Z.4 ~ LLL 
.. 1-.1. ~A~ 
.§ Z.O 1-.1. """t--I vcc~v 
ffi 
~ 1.6 :gg::~o.lifH:i f;; 
> 1.Z =5. V 
~ d-~Cc"5V 
ffi 0.8 rrCf"4.5V 

~ OA H-!' fClK' B40 kHz 

~ 0 m 0/'1 1 1 I I 

-50 -Z5 0 Z5 50 75 100 IZ5 

T A - AMBIENT TEMPERATURE ('CI 
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ClK IN Schmitt Trip levels 
VS. Supply Voltage 

3.5 ,..-,,...,....,....,.....,-..--,..,,...,....,.....,..., 

::l 3.1 I--f7V'+T.-++:,..-b;l.-I""l=-+-l--+-I 
~ 
~ 2.1 hH-+-++*"I-l,....+-I-+-I 9 -55°C:::;: TA:::;: +125°C 

i! I 
~ Z.3 I--H-++++-HI-t-+-+-I 
;!: Vi::- .... 
!!1 1.9 hH-+-++-bI-iI""",,.-+-I 
~ 

:; .. 

1.5 L-J.....J.....J.....J.-L....J...J.....J.1.....I-J.....l-J 

4.50 4.75 5.00 5.Z5 5.50 

VCC - SUPPLY VOLTAGE (Voci 

Effect of Unadjusted Offset Error 
VS. VREF/2 Voltage 

16rTrr~~~~mr-r-~mm 

14 ~ ~~~~~;:~~;~ ~ :v. 
-' THIS SHOWS THE NEED 

12 - FOR A ZERO ADJ. IF 

~!-~~T1HEISlPA~N!llSiREiOI'~~CElOl'l!l! 
0.01 0.1 1.0 

VREFIZ (VoCI 

Linearity Error at low 
VREF/2 Voltages 

_AOCDB01- 'I UB. Z(VREFIZI -
I Z5&_ 
I (ZERO AND FULL· 

It-t-t-t-I + SCALE AOJUSTEOI-

ffi 0.5 
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TRI·STATE:® Test Circuits and Waveforms 

t1H t1H. CL = 10 pF tOH 

Vcc vcc 

vcc 

1iIi DATA 
Iili 

DUTPUT GND 

~ 10k 
DATA VoH , 90% 

. OUTPUTS 

":' ":' ":' GNo 

~
OH 

Vcc --
DATA 

OUTPUTS , 10% 
VOL 

":' ":' 
tr = 20 ns tr = 20 ns 

Tim.ing Diagrams (All timing is measured from the 50% voltage points) 

START 
CONVERSION ____ --, 

\\-._~111-_--II 

'WI 

"BUSY" 

A~~~\~~~~~~ ____ ~ _________ ~ ____ -+ ____ ~I-_____ "N_o~T~B~US~Y_" __ -, 

CONVERTER 

ITO Ix llfClK -INTERNAL TC---~ 

(LAST DATA WAS READ) 

IIlTli (LAST DATA WAS NOT READ) 
---------~ 

112 TCLK 

Output Enable and Reset INTR 

IN'fli RESET 

TRI.sTATE® 

Note: Read strobe must occur B clock periods IB/fCLK) after assertion of interrupt to guarantee 
reset of iiii'i'R. , 
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Typical Applications (Continued) 

V,. 

* 

6800 Interface 

co i-----o .z ~ff 
VMA 

U". iiiTIi 
lIn, ... &&12, I!II AID 
ETC. 1 ... 

RIW Wi! 

~ 
DATA 

" 

Absolute with a 2.500V Reference 

+ 
'~'I1PF 

AJD Zk 

For low power. se. also I.M385·2.5. .,.. 

'" IS 
AD, 

Zero·Shift and Span Adjust: 2V::5 VIN::5 5V 

Vee 
ISVac) 

"",->--;V,.('I vccl--4---------, 

AID 

+ 

!,'hF 
,------,---, 
I I 
I I 

LM'" I 
I 

SETS ZERO 
CODe VOLTAGE 330 

SETS VDL TAGE SPAN I 
I (SE"ECTID. UI I 

1k 

L _________ J 

Uk 2Yoc 
ZERO ADJ 

Ratiometric with Full·Scale Adjust 
Vee 

ISVnc' 

r-----, 
~I 

AID 

Vee I-~--.....,r__. 

+ 

T'Q~F 
tk 

r---'-~<"D 

, , 
I 

" 
L ____ .J 

"::" ....... OPTIONAL 
FSADJUST .. "' .. 

*Note: before using caps at VIN or VREF/2. ~ 
see section 2.3.2 Input Bypass Capacitors. 

Absolute with a 5V Reference 

Vee 

AID 

,----., 
I 

+ I T'D., I 
.,.. I 

tk 

r_-......L....,~~I" 
I 
I 
I 
I 

tk 

I .,.. 
1.. ___ _ 

OPTIONAL 
FSADJUST 

Span Adjust: OV::5 VIN::5 3V 

Vee 
'(5Voel 

VIN!"") Vee 
+ 

~,aPF 
tk 

AID 

VINI-) VOEFI2 10k 
FS LM33& 

+ AD. .,.. 
~',11F .,.. .,.. 
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Typical Applications (Continued) 

V'N 

':' 

BV::; VIN$ 512mV 

'" -'IiVOC 

10 

':' 

Directly Converting a Low-Level Signal 

vrNI+) 

AID 

YINI-I 

100 

~g! 10 

':' 

Vee 

VREF/2 

u. 

Vee 
(iVac) 

• 
~,a"F 

':' 

VREFI2 = 266 mV 

It 

19k 

LM338 
It 
'S .0. 

':' 

1 mV Resolution with fJP Controlled Range 

VREFI2 ~ 128 mV 
1 LSB= 1 mV 

VOAC:$ VIN :$ (VOAC + 266 mY) ,.-----., 

Vee 
IIVDCI 

A fJP Interfaced Comparator 

AID 

• 
~,a~F 

For: VIN(+) > VIN(-) 
Output = FFHEX 

For: VIN(+) < VIN(-) 
Output = OOHEX 

r-(>---------iV,.I.1 veel-.... -----...,....----, 

v,. 

I-II'TDAC 

15v~~1 
.. , 

'00 

240. 

-= 

'00 
ZERO 

AD. 

rz ... 

':' 

AID 

• 
~'DPF 

Vo,,12I--t-+-< 

0:$ VOAC < 2.5V 

Digitizing a Current Flow 

--.ILDAD I2A FULL·SCALE) 

VIII(-) Ve. 

• 
AID I"" 

YIN''''' YREFI2 

" 

Uk 
r"",,.,...++uoaVDe 

" .... 
AOJ 

LM33' 



Typical Applications (Continued) 

Self-Clocking Multiple AIDs 

* 

* 

NC~ CLKR 

CLKR eLKIN 

AID 5,." 

elKIN - NCO-- ClKR --",F 
~ 

Use a large R value 
to reduce loading 
at ClK OR output. eLKIN 

I 
I 

+ 
If MORE THAN 5 ADDITIONAL 

AIDs, USE A CMOS BUFFER tNOT iZll 

Self-Clocking in Free-Runnirig Mode 

ClKR 

10k 

elKIN 

AID -;J; 15DpF 

L-----------<~oN1 mRT" 

After power·up. a momentary grounding 

AJD#1 

A/O#2 

of the WR input is needed to guarantee operation. 

Operating with "Automotive" Ratiometric Transducers 
Vee 

2Dk 

VXDR 
VIN(·) Vee 

Ik 
vINH" ZERO 

ADJ 

AID 
Ok ADCD8D5 

.". ":" 

VREFI2 

*V,NH=0.15VCC 

15% of Vcc:::; VXDR:::; 85% of Vcc 

15Voci 

+ 

~1DjJF 

'6k 

Ik 
FS 
ADJ 

Uk 
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External Clocking 

,'l--d:r: u 

.. "" 

> I -j--ti----1.5VMAXD 
D ~ r-------~ , 

feLK iii-- elK IN AID 

100 kHz S. fClK S. 1460 kHz 

)lP Interface for Free-Running AID 

RESET 

D.DOI/lF ;r; 
HTAGE 

AID eLK R I--.... _+CLK B~D~~i4~~R 

'" 
V07" 

eLKIN 

;;;150 PF 

-I !--(Blt llfCLKJ 

n rr PREVENTS RD 
I L----...J L OURING AID 

! . I DATA UPDATE 
~T,----

RESET (12x 1f'CLK) RESET 

Ratiometric with VREF/2 Forced 

READY 
(TDIoIP) 

Vee 
15Vacl 
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Typical Applications (Continued) 

pP Compatible Differential-Input Comparator with Pre-Set Vos (with or without Hysteresis) 

ilDV 

'=' 

AID 

. 
See Figure 5 to select R value 

DB7 = "1" for VINI+)'> VINI-) + IVREFI2) 
Omit circuitry within the dotted area if 
hysteresis is not needed 

Handling ±10V Analog Inputs 

,,' 
lOt-

VIN("" 

10k* 

Vee 

AID 

+ 

~'OJ.l.F. 

LM335 

. . 
Beckman Instruments #694-3-R10K resistor array 

r---------------------

I/2C04016 ~ ___ .... 
I .... ____________________ J ':' 

Vee 
I'liVDCl 

1.511 

LMl36 

Low-Cost, flP Interfaced, Temperature-to-Digital Converter 

SYoc 

''''1 TAMIN 
ADJ 

AID 

Vee 
(SVnc' 

Vee 1-"'","+-" 

1"Ollf 

. flP Interfaced Temperature-to-Digital Converter 

TAMIN 

"1"'V . 
** Circuit values shown are for O°C::; TA 5 +12SOC 

Can calibrate each sensor to allow easy replacement, then 
AID can be calibrated with a pre-set input voltage. 

ADJ 

VINt"'l 'Vee 

AID 

VIN(:-l VREFI2 

2.n· 
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Vee 
(SVocl 

+ 
~10IlF, 

lDO 

'=' 

'=' 
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1111- z.~v 

" LM316 
TAMAX 
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Typical Applications (Continued) 

. 

Handling ±5V Analog Inputs 

tOk-,-----, 
Vee 

AID 

Vee 
(5Voc) 

Seckman Instruments #694-3-Rl0K resistor array 

J.lP Interfaced Comparator with Hysteresis 

Analog Self-Test for a System 

• CHANNEl 
ANALOG 

MUX 
CD4051 

C CHANNEL 
SELECT 

'--==:---' 

AID 

. 
lM3S9 transistors 

VA 

Read-Only Interface 

J.lP8US 

DATA 

16VOC 

"iili:;;.. .... -+OIiili AID 

~~ 

~~TSNEW 
OUTPUT CONVERSION 

Protecting the Input 

A/D 

Diodes are 1 N914 

Vee 
(5VOCI 

+ -r'D.' 

A Low-Cast_ 3-Decade Logarithmic Converter 

100 
VINI+) 

A/D 

100 
VINH VREF/2 

A. B. C. 0 = lM324A quad op amp 
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Typical Applications (Continued) 

3-Decade Logarithmic AID Converter 

IC = 20 Hz 

A, B, C, D = LM324A 

HD mV TO -1~~' o--'II'yOk ....... ~ 

O"'F~ .... '" 

-5V Ik 
FS~-'W\r-<H 

10k 
m 

AOJ 

Noise Filtering the Analog Input 

Uses Chebyshev implementation lor steeper roll-off 
unity-gain, 2nd order, low..pass filter 

Adding a separate filter for each channel increases 
system response time if an analog multiplexer '::" 
is used 

100 
VIN(+I 

100 
VINH 

10k 

'Ok 
'Ok 

10k 

':" 

AID 

AID 

VREFI2 

Multiplexing Differential Inputs 

• CHANNEL 
DIFfERENTIAL 

MU, 
CD405Z 

B CHANNEL .::.. __ ~ __ -=-, SELECT 

FROM OUTPUT 
PQRTOR~P 

A/D 

Output Buffers with AID Data Enabled Increasing Bus Drive andlor Reducing'Time on Bus 

CI .... -..ro---' 
l'1li_'--':;1...,--' 

AID 

AID 
DATA* 

TRI-STATE@ 
BUFfERS 

n~---------------~ 

* AID output data is updated 1 ClK period 
prior to assertion of INTR 

TOpP 
DATA BUS 

8-38 

1'III ..... +---oI1'ili A/D 

DATA OUT 

TRI-STATE® 
BUFFERS 

~.---------------------------------~ 

. --Allows output data to set-up at falling edge of CS 

TOpP 
OATA8US 



Typical Applications (Continued) 

. Sampling an AC Input Signal 

fiN MAX 

Od' SAMPLE 
AND 

VIN(+I • HOLD 
V,N LF398 

(liN) '" 
-=- f/H AID 

INTR 

LOW·PASS.MUlTl-POlE CONTROL TC' 
FILTER 

VINI-I 

-=-
-ITcl-
JLJ 
-11/',1-

Not. 1: Oversample whenever possible [keep fs > 2f(-60») to eliminate input frequency folding 
(aliasing) and to allow for the skirt response of the filter. 
Note 2: Consider ~he amplitude errors which are introduced within the passband of the filter. 

70% Power Savings by Clock Gating 

..... ------11P---<J/:::>----t-------lcLK,N 

AID· 

1/314C04 

TO AID (Complete shutdown takes'" 30 seconds.) 

Power Savings by AID and VREF Shutdown 

.--------.-----.------0 ~C~Dcl 

#o!PCDNTROL 
BUS 

AID" 

v"I-.... __ • 

VREFnl----. 

51k 

CMOS 
BUffER 

'Use ADCOa01, 02, 03 or 05 for lowest power consumption. 
Note: Logic inputs can be driven to Vcc with AID supply at zero volts. 

TO DATA 
BUS 

Buffer prevents data bus from Dverdriving outputs of AID,when in shutdown'mode. 
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1.0 UNDERSTANDING AID ERROR SPECS 

A perfect AID transfer characteristic (staircase wave
form) is shown in Figure 18_ T.he horizontal scale is 
analog. input voltage and the particular points labeled are 
in steps of 1 LSB (19.53 mV with 2.5V tied to the 
VREF/2 pin). The digital output codes which correspond 
to these inputs are shown as D-1, D, and D+1- For 
the perfect AID, not 0rly will center-value (A-1, A, 
A+1, ... ) analog inputs produce the correct output 
digital codes, but also each riser (the transitions between 
adjacent output codes) will be located ±1/2 LSB away 
from each center-value. As shown, the risers are ideal and 
have no width_ Correct digital output codes will be 
provided for a range of analog input voltages which ex
tend ±1/2 LSB from the ideal center-values. Each tread 
(the range of analog input voltage which provides the 
same digital output code) is therefore 1 LSB wide. 

Figure 1b shows a worst case error plot for the ADCOB01. 
All center-valued inputs are guaranteed to produce the 
correct output codes and the adjacent risers are guaran
teed to be no closer to the center-value points than 

w co 
:3 
!; D+1 

; 
co 
~ 

~ 
Ci 0-1 

Transfer Function 

no , , 
iT4 

, , 
: , , , 

".-; 
, , , 

i : , 
, , , 

A-l A+1 

ANALOG INPUT (Y,N) 

±1/4 LSB. In other words, if we apply an analog input 
equal to the center-value ±1/4 LSB, we guarantee that 
the AID will produce the correct digita'l code. The 
maximum range of the position of the code transition is 
indicated by the horizontal arrow and it is guaranteed to 
be no' more than 1/2 LSB. 

The error curve of Figure 1c shows a worst case error 
plot for the ADCOB02. Here we guarantee that if we 
apply an analog input equal to the LSB analog voltage 
center-value the' AID will produce the correct digital code. 

Next to each transfer function is shown the correspond
ing error plot. Many people may be more familiar with 
error plots than transfer functions. The analog input 
voltage to the AID is provided by either a linear ramp or 
by the discrete output steps of a high resolution DAC. 
Notice that the error is continuously displayed and 
includes the quantization uncertainty of the AID. For 
example the error at point 1 of Figure 1a is +1/2 LSB 
because the digital code appeared 1/2 LSB in advance of 
the center-value of the tread. The error plots always have 
a constant negative slope and the abrupt upside steps 
are always 1 LSB in magnitude. 

Error Plot 

+1lSB 1----------

+1/2 LSB 
1 

"' " ffi 
-1/2 UB 

-1 LSD 

3 5 

----LUANT. 

, ____ fRROR , , , , , 
' , --1-- -.- --1--

I 2 I 4 I & , , , ., , , 
A-l A+1 

ANALOG INPUT (Y,N) 

a) Accuracy = ±O LSB A Perfect AID 

§ 
.... D+1 

~ 
" ~ 
~ ;;; 
Ci 0-1 

0+1 

0-1 

Transfer Function 

A-1 A A+1 

ANALOG INPUT (Y,N) 

Transfer Function 

A A+' 

ANALOG INPUT (V,N) 

bl Accuracy = ±1/4 LSB 

Error Plot 

+1 LSB 1----------
+3/4LSB ________ 5 _______ _ 

+112 LSB ---1 
~ 1--++-f-'lr1I-++- I QUANT. 
ffi : 4 ."J*£RROR 

-1I2LSB ~- - +- --I ,. 

-3/4LSB ---1--2 ~--r----
-1 LSB 

A-1 A A+' 

ANALOG INPUT (Y,N) 

Error Plot 

+1 LSB I-------,r---

-1 LSB 1-__ 1---:1:....._'--__ 

A-l A A+l 

ANALOG INPUT (VIN) 

. c) Accuracy = ±1/2 LSB 
FIGURE 1. Clarifying the Error Specs of an AID Converter 

8-40 



2.0 FUNCTIONAL DESCRIPTION 

The ADC0801 series contains a circuit equivalent of 
the 256R network. Analog switches are sequenced 
by successive approximation logic to match the analog 
difference input voltage [VIN(+) - VINHl to a corre· 
sponding tap on the R network. The most significant 
bit is tested first and after a comparisons (64 clock 
cycles) a digital a·bit binary code (1111 1111 = full· 
scale) is transferred to an output latch and then an 
interrupt is asserted (I NTR makes a high·to·low tran· 
sition). A conversion in process can be interrupted by 
issuing a second start command. The device may be 
operated in the free·running mode by connecting INTR 
to the WR input with CS = O. To insure start·up under 
all possible conditions, an external WR pulse is required 
during the first power·up cycle. 

On the high·to·low transition of the WR input the 
internal SAR latches and the shift register stages are 
reset. As long as the CS input and WR input remain low, 
the ND will remain in a reset state. Conversion will 
start from 1 to 8 clock periods after at least one of these 
inputs makes a low·to·high transition. 

20 
Vee IVRE'lo----1----i 

9 
VOE'/2o--"""'7 ..... ----+I 

AGND 

'": Vee 

6 

DAe 
VIDUTI 

VINI+I o-+-t ....... U~)-.... 1 

LADDER 
AND 

DECODER 

A functional diagram of the AID converter is shown in 
Figure 2. All of the package pinouts are shown and the 
major logic control paths are drawn in heavier weight 
lines. 

The converter is started by having CS and WR simul· 
taneously low. This sets the start flip·flop (F/F) and the 
resulting "1" level resets the a·bit shift register, resets 
the Interrupt (INTR) F/F and inputs a "1" to the D 
flop, F/F1, which is at the input end of the a·bit shift 
register. Internal 'clock signals then transfer this "1" to 
the Q output of F/Fi. The AND gate, G1, combines 
this "1" output with a clock signal to provide a reset 
signal to the start F IF. If the set signal is no longer 
present (either WR or CS is a "1") the start F IF is reset 
and the a·bit shift register then can have the "1" clocked 
in, which starts the conversion process. If the set signal 
were to still be present, this reset pulse would have no 
effect (both outputs of the start F/F would momentarily 
be at a "1" level) and the a·bit shift register would coho 
tinue to be held in the reset mode. This logic therefore 
allows for wide CS and WR signals and the converter will 
start after at least one of these signals returns high and 
the internal clocks again provide a reset signal for the 
start F/F. 

"1:'" RESET SHIFT REGISTER 
"0"'" BUSY AND QUIESCENT STATE 

INPUT PROTECTION 
FOR ALL LOGIC INPUTS 

INPUT F TO INTERNAL 
CIRCUITS 

BV:::30V 

SAR 
lATCH 

INDTE21 

elK B 

elK 

--I f-,11x I~ClKI 

::....IL.-
I 

-. r-~. COMPL. 
DIGITAL OUTPUTS W C1 

TRI'STATE@CONTROl -I !--aX1/fcLK 

OSINDTE 1I0~:::::::::::~~==;,... ______ ...;"'~"'~0;,;U~TP",U.;.T;;;EN;;;A;;;Bl;;;E .... ---------REsi~ 
ROO RESET 

Note 1: CS shown twice for clarity. 
Nota 2: SAR = Successive Approximation Register. 

FIGURE 2. Block Diagram 
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After the "1" is clocked through the 8-bit shift register 
(which completes the SAR search) it appears as the 
input to the D-type latch. LATCH 1_ As soon as this 
"1" is output from the shift register. the AND gate. 
G2. causes the new digital word to transfer to the 
TRI-STATE output latches_ When LATCH 1 is sub
sequently enabled. the a output makes a high-to-Iow 
transition which causes the INTR F/F to set_ An in
verting buffer then supplies the TN"Firoutput signal. 

Note that this SET control of the INTR F/F remains 
low for 8 of the external clock periods (as the internal 
clocks run at 1/8 of the frequency of the external 
clock)_ If the data output is continuously enabled 
(CS and RD both held low). the INTR output will 
still signal the end of conversion (by a high-to-Iow 
transition). because the SET input can control the a 
output of the INTR F/F even though the RESET 
input' is constantly at a "1" level in this operating 
mode. This INTR output will therefore stay low for 
the duration of the ill signal. which is 8 periods of 
the external clock frequency (assuming the AID is not 
started during this interval). 

When operating in, the free-running or continuous 
conversion mode (lNTR pin tied to WR and CS Wired 
low-see also section 2.8). the START F/F is SET 
by the high-to-Iow transition of the INTR signal. This 
resets the SHIFT REGISTER which causes the input 
to the D-type latch. LATCH 1. to go low. As the latch 
enable input is still present. the. Q output will go high. 
which thEm allows the INTR F/F to be RESET. This 
reduces the width of the resulting INTR output pulse 
to only a few propagation delays (approximately 300 ns). 

When data is to be read. the combination of both 
CS and RD being low will cause the INTR F/F to be 
reset and the TRI-STATE output latches will be enabled 
to provide the 8-bit digital outputs. 

2.1 Digital Control Inputs 

The digital control inputs (CS. RD. and WR) meet 
standard T2L logic voltage levels. These signals have been 
renamed when compared to the standard AID Start and 
Output Enable labels. In addition. these inputs are active 
low to allow an easy interface to microprocessor control 
busses. For non-microprocessor based applications. the 
CS input (pin 1) can be grounded and the standard AID 
Start function is obtained by an active low pulse applied 
at the WR input (pin 3) and the Output Enable function 
is caused by an active low pulse at the RD input (pin 2). 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This AID has additional applications flexibi lity due to 
the analog differential voltage input. The VIN(-) 'input 
(pin 7) can be used to automatically subtract a fixed 
voltage value from the input reading (tare correction). 
This is also useful in 4 mA-20 mA current loop conver
sion. In addition. common-mode noise can be reduced 
by use of the differential input. 

The time interval b~tween sampling VIN(+) and VINH 
is 4-1/2 clock periods. The maximum error voltage due 
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to this slight time difference between the input voltage 
samples, is given by: 

.6Ve(MAX) = (Vp) (21Tfcm ) -'- • '( 45 ) 
fCLK 

where: 

.6 Ve is the error voltage due to sampling delay 

Vp is the peak val ue of the common-mode voltage 

fcm is the common·mode frequency 

As an example. to keep this error to 1/4 LSB (-5 mV) 
when operating with a 60 Hz common-mode frequency. 
fcm• and using a 640 kHz AID clock. fCLK. would 
allow a peak value of the common-mode voltage. Vp. 
which is given by: 

or 

[.6Ve(MAX) (fCLK)] 
Vp = --'----'---

(21Tfcm) (4.5) 

(5 x 10-3) (640 x 103 ) 
Vp--------

(6.28) (60) (4.5) 

which gives 

VpE!! 1.9V. 

The allowed range of analog input voltages usually places 
more severe restrictions on input common-mode noise 
lewis. 

An analog input voltage with a reduced span and a 
relatively large zero offset can be easily handled by 
making use of the differential input (see section 2.4 
Reference Voltage). 

2.3 Analog Inputs 

2.3.1 Input Current 

·Normal Mode 

Due to the internal switching action. displacement 
currents will flow at the analog inputs. This is due to on
chip stray capacitance to ground as shown in Figure 3. 

RS 

r----------------, 
I IpEAK=~ 
I 'ON+RS 

! jl 
I 
I 

'CHARGE I 
-6 

V,N(+) 
I 

IDiSCHARGE I 
-7 

'ON 

-TIME 

SWI 

rON of SW 1 and SW 2 '" 5 kll 

, CSTRAY 1" (12pFI 

T = rON CSTRA Y '" 5 kll x 12 pF = 60 n. 

FIGURE 3. Analog Input Impedance 



The voltage on this capacitance is switched and will 
result in currents, entering the VIN(+) input pin and 
leaving the VIN(-) input which will depend on the' 
analog differential input voltage levels. These current 
transients occur at the leading edge of the internal 
clocks. They rapidly decay and do not cause errors 
as the on-chip comparator is strobed at the end of the 
clock period. 

Fault Mode 

If the voltage source which is applied to the VIN(+) 
pin exceeds the allowed operating range of VCC + 
50 mV. large input currents can flow through a par
asitic diode to the VCC pin. If these currents could 
exceed the 1 mA max allowed spec, an external diode 
(1 N914) should be added to bypass this current to the 
VCC pin (with the current bypassed with this diode, 
the voltage at the VIN(+) pin can exceed the VCC 
voltage by the forward voltage of this diode). 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output 
resistances of the analog signal sources. This charge 
pumping action is worse for continuous conversions 
with the VIN(+) input voltage at full-scale. For con
tinuous conversions with a 640 kHz clock frequency 
with the VIN(+) input at 5V, this DC current is at a 
maximum of approximately 5 /lA. Therefore, bypass 
capacitors should not be used at the analog inputs or 
the VREF!2 pin for high resistance sources (> 1 kn). 
If input bypass capacitors are necessary for noise fil
tering and high source resistance is desirable to minimize 
capacitor, size, the detrimental effects of the voltage 
drop across this input resistance, which is due to the 
average value of the input current, can be eliminated 
with a full-scale adjustment while the given source re
sistor and input bypass capacitor are both in place. This 
is possible because the average value of the input current 
is a precise linear function of the differential input 
voltage. 

2.3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input 
currents settle out prior to the comparison time. If a 
low pass filter is required in the system, use a low 
valued series resistor (~ 1 kQ) for a passive RC section 
or add an op amp RC active low pass filter. For low 
source resistance applications, « 1 kQ), a 0.1 /IF bypass 
capacitor at the inputs will pre~nt pickup due to series 
lead inductance of a long wire. A 100Q series resistor 
can be used to isolate this capacitor-both the Rand C 
are placed outside the feedback loop-from the output 
of an op amp, if used. 

2.3.4 Noise 

The leads to the analog inputs (pins 6 and 7) should be 
kept as short as possible to minimize input noise 
coupling. Both noise and undesired digital clock coupling 
to these inputs can cause system errors. The source 
resistance for these inputs should, in general, be kept 
below 5 kQ. Larger values of source resistance can cause 
undesired system noise pickup. Input bypass capacitors, 
placed from the analog inputs to ground, will eliminate 
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system noise pickup but can create analog scale errors as 
these capac'itors will average the transient input switching 
currents of the AID (see section 2.3.1). This scale error 
depends on both a large source resistance and the use of 
an input bypass capacitor. This error can be eliminated 
by doing a full-scale adjustment of the AID (adjust 
VREF/2, for a proper full-scale reading-see section 2,5.2, 
on Full-Scale Adjustment) with the source resistance 
and input bypass capacitor in place. 

2.4 Reference Voltage 

2.4.1 Span Adjust 

For maximum applications flexibility, these AIDs have 
been designed to accommodate a 5 VDC, 2.5 VDC or an 
adjusted voltage reference. This has been achieved in'the 
design of the IC as shown in Figure 4. 

VCC IVREFI 

20 

R 

VREF/2 
9 I DIGITAL I 

~}-
CIRCUITS 

R : DECDDE, -t ANALOG I CIRCUITS 

" ~}-
AGND 8 D GNO 10 

'* n7 
FIGURE !I. The VREFERENCE Design on the IC 

Notice that the reference voltage for the IC is either 1/2 
of the voltage which is applied to the VCC supply pin, 
or is equal to the voltage which is externally forced at 
the VREF/2 pin. This allows for a ratiometric voltage 
reference using the VCC supply, a 5 VDC reference 
voltage can be used for the V CC supply or a voltage less 
than 2.5 VDC can be applied to the VREF/2 input for 
increased application flexibility. The internal gain to the 
VREF/2 input is 2 making the full-scale differential 
input voltage twice the voltage at pin' 9. 

An example of th'e use of an adjusted reference voltage is 
to accommodate a reduced span-or dynamic voltage 
range of the analog input voltage. If the analog input 
voltage were to range from 0.5 VDC to 3.5 VDC, instead 
of OV to 5 VDC, the span would be 3V as shown in 
Figure 5. With 0.5 VDC applied to the VINH pin to 
absorb the offset, the reference voltage can be made 
equal to 1/2 of the 3V span or 1.5 VDC. The AID now 
will encode the VIN(+) signal from 0.5V to 3.5V with 
the O.5V input corresponding to zero and the 3.5 VDC 
input corresponding to full-scale. The full 8 bits of 
resolution are therefore applied over this reduced 
analog input voltage range. 

l> c 
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* Add if VREF/2 ~ 1 VOC with LM3~B 
to draw 3 m~ to ground. 

-r VIN(+) MAX 
~ 4 13.5V) 

,;- 3 4 I 
2 

vl7tJv~IN 
SPAN- 3V 

1 I 
0 

a) Analog Input Signal Example 

~ 
0.5 vue 

ZEROoSHIFT 
AOJ 

~ SPANI2 
- (1.5vocl 
+~ 

1.5 VUC Iii' LM358 T ~~ 1 uF R· 
SPAN " 
AUJ 

':' ~. 

b) Accommodating an Analog Input from 
0.5V (Digital Out = OOHEX) to 3.5V 
(Digital Out = FFHEX) 

FIGURE 5. Adapting the AID Analog Input Voltages to Match an Arbitrary Input Signal Range 

2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or 
an absolute mode. In ratiometric .converter applications, 
the magnitude of the reference voltage is a factor in both 
the output of the source transducer and the output of 
the AID converter and therefore cancels out in the final 
digital output code. The ADC0805 is specified par· 
ticularly for use in ratiometric applications with no 
adjustments required. In absolute conversion appli· 
cations, both the initial value and the temperature 
stability of the reference voltage are important accuracy 
factors, in the operation of the AID converter. For 
VREF/2 voltages of 2.5 VDC nominal value, initial 
errors of ±10 mVDC will cause conversion errors of 
±1 LSB due to the gain of 2 of the VREF/2 input. 
In reduced span applications, the initial value and the 
stability of the VREF/2 input voltage become even 
more important. For example, if the span is reduced 
to 2.5V, the analog input LSB voltage value is cor· 
respondingly reduced from 20 mV (5V span) to 10 mV 
and 1 LSB at the VREF/2 input becomes 5 mV. As 
can be seen, this reduces the allowed initial tolerance 
of the reference voltage and requires correspondingly 
less absol~te change with temperature variations. Note 
that spans smaller than 2.5V place even tighter require· 
ments on the initial accuracy and stability of the ref· 
erence source. 

In general, the magnitude of the reference voltage will 
require an initial adjustment. Errors due to an improper 
value of reference voltage appear as full·scale errors in 
the AID transfer function. IC voltage regulators may be 
used for references if the ambient temperature changes 
are not excessive. The LM336B 2.5V I C reference diode 
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(from National Semiconductor) is available which has 
a temperature stability of 1.8 mV typ (6 mV max) 
over O°C ::; T A .::; +70°C. Other temperature range 
parts are also available. 

2.5 Errors and Reference Voltage Adjustments 

2.5.1 Zero Error 

The zero of the AID does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN). is 
not ground, a zero offset can be done. The converter 
can be made to output 0000 0000 digital code for this 
minimum input voltage by biasing the AID V I N (-) input 
at this VIN(MIN) value (see Applications section). This 
utilizes the differential mode operation of the AID. 

The zero error of the AID converter relates to the 
location of the first riser of the'transfer function and 
can be measured by grounding the V (-) input and 
applying a' small magnitude positive voltage to the V (+) 
input. Zero error is the difference between the actual 
DC input voltage which is necessary to just cause an 
output digital code transition from 0000 0000 to 0000 
0001 and the ideal 112 LSB value (1/2 LSB = 9.8 mV 
for VREF/2 = 2.500 VDC). 

2.5.2 Full-Scale 

The full·scale adjustment can be made by applying a 
differential input voltage which is 1·1/2 LSB down from 
the desired analog full·scale voltage range and then ad· 
justing the magnitude of the VREF/2 input (pin 9 
or the Vce supply if pin 9 is not used) for a, digital 
output code which is just changing from 1111 1110 
to 1111 1111. 



2.5.3 Adjusting for an Arbitrary Analog Input Voltage 
. Range 

If the analog zero voltage of the AID is shifted away 
from ground (for example, to accommodate an analog 
input signal which does not go to ground) this new 
zero reference should be properly adjusted first. A 
VIN(+) voltage which equals this desired zero reference 
plus 1/2 LSB (where the LSB is calculated for the 
desired analog span, 1 LSB = analog spanl256) is applied 
to pin 6 and the zero reference voltage at pin 7 should 
then be adjusted to just obtain the OOHEX to 01 HEX 
code transition. 

The full-scale. adjustment should then be made (with 
the proper VIN(-) voltage applied) by forcing a voltage 
to the VIN(+) input which is given by: . 

where: 

[
(VMAX-VMIN)] , 

256 

VMAX = The high end of the analog input range 

and 

VMIN = the low end (the offset zero) of the analog 
range_ (Both are groulld referenced.) 

The VREF/2 (or VCC) voltage is then adjusted to 
provide a code change from FEHEX to FFHEX. This 
completes the adjustment procedure. 

2.6 Clocking Option 

The clock for the AID can be derived from the CPU 
clock or an external RC can be added to provide self
clocking. The CLK IN (pin 4) makes use of a Schmitt 
trigger as shown in Figure 6. 

eLK R 
19 . 

R 

1 
fCLK"'--

1.1 RC 

R", 10 kO 

FIGURE 6. Self-Clocking the AID 

Heavy capacitive or DC loading of the clock R pin 
should be avoided as this will disturb normal converter 
operation. Loads less than 50 pF, such as driving up to 7 
AID converter clock inputs from a single clock R pin of 
1 converter, are allowed. For larger clock line loading, a 
CMOS or low power T2L buffer or PNP input logic 
should be used to minimize the loading on the clock 
R pin (do not use a standard T2L buffer). . 

2.7 Restart During a Conversion 

If the AID is restarted (CS and WR go low and return 
high) during a co\wersion, the converter is reset and a 
new conversion is started_ The output data latch is not 
updated if the conversion in process is not allowed to 
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be completed, therefore the data of the previous con
version remains in this latch. The INTR output also 
simply remains at the "I" level. 

2.8 Continuous Conversions 

For operation in the free-running mode an initializing 
pulse should be used, following power-up, to insure 
circuit operation. In this application, the CS input is 
grounded and the WR input is tied to the INTR output. 
This WR and INTR node should be momentarily forced 
to logic low following a power-up cycle to guarantee 
operation. 

2.9 Driving the Data Bus 

This MaS AID, like MaS microprocessors and mem
ories, will require a bus driver when the total capacitance 
of the data bus gets large. Other circuitry, which is tied 
to the data bus, will add to the total capacitive loading, 
even in TRI-STATE (high impedance mode). Backplane 
bussing also greatly adds to the stray capacitance of the 
data bus. 

There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of 
the data bus slows down the response time, even though 
DC specifications are still met. For systems operating 
with a relatively slow CPU clock frequency, more time is 
available in which to establish proper logic levels on the 
bus and therefore higher capacitive loads can be driven 
(see typical characteristics curves). 

At higher CPU clock frequencies time can be extended 
for 1/0 reads (and lor writes) by inserting wait states 
(8080) or using clock extending circuits (6800). 

Finally, if time is short and capacitive loading is high, 
external bus drivers must be used. These can be TR 1-
STATE buffers (low power Schottky is recommended 
such as the DM74LS240 series) or special higher drive 
current products which are designed as bus drivers. 
High current bipolar bus drivers with PNP inputs are 
recommended. 

2.10 Power Supplies 

Noise spikes on the VCC supply line can cause conversion 
errors as the comparator will respond to this noise. A 
low inductance tantalum filter capacitor should be used 
close to the converter VCC pin and values of 1 IlF or 
greater are recommended. If an unregulated voltage is 
available in' the system, a separate LM340LAZ-5.0, 
TO-92, 5V voltage regulator for the converter (and 
other analog circuitry) will greatly reduce digital noise 
on the VCC supply. 

2.11 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory 
for breadboarding this AID converter. Sockets on PC 
boards can be used and all logic signal wires and leads 
should' be grouped and kept as far away as possible from 
the analog signal leads. Exposed leads to the analog 
inputs can cause undesired digital noise and hum pickup, 
therefore shielded leads may be necessary in many ap· 
plications. ' 
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A single point analog ground should be used wh ich is 
separate from the logic ground points. The power supply' 
bypass capacitor and the self,clocking capacitor (if used) 
should both be returned to digital ground. Any VREF/2 
bypass capacitors, analog input filter capacitors, or input 
signal shielding should be returned to the analog ground 
point. A test for proper grounding is to measure the 
zero error of the AID converter. Zero errors in excess of 
114 LSB can usually be traced to improper board layout 
and wiring (see section 2.5.1 for measuring the zero 
error). 

3.0 TESTING THE AID CONVERTER 

There are many' degrees of complexity associated with 
testing an AID converter. One of the simplest tests is to 
apply a known analog input voltage to the converter and 
use LEOs to display the resulting digital output code as 
shown in Figure 7. ' 

For ease of testing, the VREF/2 (piri 9) should be 
supplied with 2.560 VDC and a VCC supply voltage of 
5.12 VDC should be used. This provides an LSB ·value 
of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 VDC (5.120 - 1 1/2 LSB) should be 
applied to the VIN(+) pin with theVIN(-) pin grounded. 
The value of the VREF/2 input voltage should then 
be adjusted until the digital output code is just changing 
from 1111 1110 to 1111 1111. This value of VREF/2 
should then be used for all the tests. 

The digital output LED display can be decoded by 
dividing the 8 bits into 2 hex characters, the 4 most 
significant (MS) and the 4 least significant (LS). Table I 
'shows the fractional binary equivalent of these two 4·bit 
groups. By adding the decoded voltages which are ob
tained from·the column: Input voltage value for a 2.560 
VREF/2 of both the MS and the LS groups, the value of 
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18 
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11 
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FIGURE 7. Basic AID Tester 
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the digital display can be determined. For example, for 
an output LED display of 1011 0110 or B6 (in hex), the 
voltage values from the table are 3.520 + 0.120 or 
3.640 VDC. These voltage values represent the center· 
values of a perfect AID converter. The effects of quanti· 
zation error have to be accounted for in the interpreta· 
tion of the test results. 

For a higher speed test system, or to obtain plotted 
data, a digital·to-analog converter is needed for the test 
set·up. An accurate 10-bit DAC can serve as the precision 
voltage source for the AID. Errors of the AID under test 
can be provided as either analog voltages or differences 
in 2 digital words. 

A basic AID tester which uses a DAC and provides the 
error as an analog output voltage is shown in Figure B. 
'The 2 op amps can be eliminated if a lab DVM with a 
numerical subtraction feature is available to directly 
readout the difference voltage, "A-C". The analog 
input voltage can be supplied by a low frequency ramp 
generator and an X· V plotter can be used to provide 
analog error (V axis) versus analog input (X axis). The 
construction details of a tester of this type are provided 
in the NSC application note AN-179, "Analog·to·Digital 
Converter Testing". 

For operation with a microprocessor or a computer· 
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of 
Figure 9, where the output code transitions can be 
detected as the 1 O·bit DAC is incremented. This provides 
114 LSB steps for the 8·bit AID under test. If the results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the V 
axis, a useful transfer function of the AID under test 
results. For acceptance testing, the plot is not necessary 
and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 

4.0 MICROPROCESSOR INTERFACING . 

To discuss the interface with S080A and '6800 micro
processors, a common sample subroutine structure is 
used. The microprocessor starts the AID, reads and 
stores the results of 16 successive conversions, then re
turns'to the user's·'pro'gram. The 16 data bytes are stored 
in 16 successive memory locations. All Data and Ad
dresses will be given in hexadecimal form. Software 
and hardware details' are provided separately for each 
type of microprocessor. 

4.1 Interfacing 8080 Microprocessor Derivatives 
(8048, 8085) 

This converter has been designed to directly interface 
with derivatives of the 8080' microprocessor. Toe AID 
'can be mapped into memory space (using standard 
memory address decoding for CS and the MEMR and 
MEMW strobes) or it can be controlled as an 1/0 device 
by using the lID Rand 110 W strobes and decoding 
the address bits AO'" A7 (or address bits A8'" A15 
as they will contain the same 8-bit address information) 
to obtain the CS input. Using the lID space provides 
256 additional addresses and may allow a simpler 
8-bit address decoder but the data can only be input 
to the accumulator. To make use of the additional 
memory reference instructions, the AID should be 
mapped into memory space. An example of an AID 
in 110 space is shown in Figure 10. 



8·81T H DACIOOO >-- VANALOG DUTP~T ...... AID 10·81T 
UNDEA TEST -y DAC 

A 

1 '. A 1 A 

ANAL~g~::~~ 0---< "8" 

~ 
Al "C" 

A 100A + ":' 

"A" R 1 ~ 1 
~ 

100X ANALOG 
EAROA VOLTAGE 

FIGURE 8. AID Tester with Analog Error Output 

DIGITA~~~ ~AC1000 r AID UNDEA ~DIGITAL 
INPUT--...,r 10·81T TEST OUTPUT 

DAC 

FIGURE 9. Basic "Digital" AID Tester 

TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

OUTPUT VOLTAGE 
CENTER VALUES 

HEX BINARY 
FRACTIONAL BINARY VALUE FOR WITH 

VREF/2 = 2.560 VDC 

MS GROUP LSGROUP VMS GROUp· VLS GROUp· 

F 1 1 1 1 15/16 15/256 4.800 0.300 

E 1 1 1 0 7/8 7/128 4.480 0.280 

0 1 1 0 1 13/16 13/256 4.160 0.260 

.C 1 1 0 0 3/4 3/64 3.840 0.240 

B 1 0 1 1 11/16 11/256 3.520 0.220 

A 1 0 1 0 5/8 5/128 3.200 0.200 

9 1 0 0 1 9/16 9/256 2.880 0.180 

8 1 0 0 0 1/2 1/32 2.560 0.160 

7 0 1 1 1 7/16 7/256 2.240 0.140 

6 0 1· 1 0 3/8 3/128 1.920 0.120 

5 0 1 0 1 5/16 5/256 1.600 0.100 

4 0 1 0 0 1/4 1/64 1.280 0.080 

3 0 0 1 1 3/16 3/256 0.960 0.060 

2 0 0 1 0 1/8 1/128 0.640 0.040 

1 q 0 0 1 1/16 1/256 0.320 0.020 

0 0 0 0 0 0 0 

'V Display Output = VMS Group + VLS Group 

-
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Note 1: 'Pin numbers for the )NS8228 system controller, others are )NS8080A. 

\ 

AOIS (36) 

AOI4(39) 

A013 (31) 

AD1Z (37) 

AOII (46) 

AUlD(\) 

Note 2: Pin 23 of the INS8228 must be tied to +12V through a 1 kn. resistor to generate the AST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 10. ADC0801-INS8080A CPU Interface 

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE 

0038 

0100 

0103 
0106 
0107 
0109 
010C 
010E 
010F 
0110 
0113 

0300 
0302 
0303 
0304 

C3 00 03 

21 0002 

310004 
70 
FE OF 
CA 1301 
03 EO 
FB 
00 
C3 OF. 01 

DB EO 
77 
23 
C3 03 01 

RST 7: 

START: 

RETURN: 

LOOP: 

CONT: 

(User program to 
process data) 

LD DATA: 

JMP LD DATA 

LXI H 0200H 

LXI SP 0400H 
MOV A. L 
CPI OF H 
JZ CO NT 
OUT EO H 
EI 
NOP 
JMP LOOP 

IN EO H 
MOV M. A 
INX H 
JMP RETURN 

H L pair will point to 
data storage locations 
Initialize stack pointer (Note 1) 
Test # of bytes entered 
If #= 16. JMP to 
user program 
Start AID 
Enable interrupt 
Loop until end of 
conversion 

Load data into accumulator 
Store data 
Increment storage pointer 

Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 
Note 2: All addresses used were arbitrarily chosen. 
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The standard control bus signals of the 8080 (CS, RD 
and WR) can be directly wired to the digital control in
puts of the A/D and the bus timing requirements are met 
to allow both starting the converter and outputting the 
data onto the data bus. A bus driver should be used for 
larger microprocessor systems where the data bus leaves 
the PC board and/or must drive capacitive loads larger 

. thanl00pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The following sample program and associated hardware 
shown in Figure 10 may be used to input data from the 
converter to .the INS8080A CPU chip set (comprised 
of the INS8080A microprocessor, the INS8228 system 
controller and the INS8224 clock generator). For 
simplicity, the A/D is controlled as an 1/0 device, 
specifically an 8-bit bi-directional port located at an 
arbitrarily chosen port address, EO. The TR I-STATE 
output capability of the A/D eliminates the need for a 
peripheral interface device, however address decoding 

40 

Vee 
OBO 

12 

DB. 
13 

14 
OB2 

OB3 '5 

OB4 
lG 

OBG 
17 

OBG 
lB 

INS8048 087 
19 

iii! 8 

Wi! 10 

IJjf 5 

27 
P10 

2 

3 
5 

1 

is still required to generate the appropriate CS for the 
converter. ' 

It is important to note that in systems where the A/D 
converter is.l-of-8 or less I/O mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address 
bits (AO to A7) can be directly used as CS inputs-one 
for each I/O device . 

4.1.2 INS8048 Interface 

The INS8048 interface technique with the ADC0801 
series (see Figure 11) is simpler than the 8080A CPU 
interface. There are 24 I/O lines and three test input 
lines in the 8048. With these extra I/O lines available, 
one of the I/O lines (bit 0 of port 1) is used as the 
chip select signal to the A/D, thus eliminating the use 
of an external address decoder. 8us control signals 
RD, WR and INT of the 8048 are tied directly to the 
A/D. The 16 converted data words are stored at on
chip RAM locations from 20 to 2F (Hex). The RD 
and WR signals are generated by reading from and 
writing into a dummy address,· respectively. A sample 
interface program is shown below. 

SVnc 
20 

$'?"F 18 DBG Vee 

17 DBl 

16 DB2 

15 DBl 

14 DB4 

13 OBS 

12 DBf 

11 DBl ADC08D1 
.50 ,F 

elKR 
19 10k J 

RO ..L:.:..J I Wn elKIN ~ 
INTR 

ts AGNO 

~ B o GNO 
ANALOG [---; VINI+1 

Vss 
INPUT l--:' VINl-I 

..i!0 
":' FIGURE 11. I NS8048 Interface 

SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE 

0410 JMP 10H ; Program starts at addr 10 
ORG 3H 

0450 JMP 50H ; Interrupt jump vector 
ORG 10H ; Main program 

99 FE ANL Pl, #OFEH ; Chip select 
81 MOVX A,@Rl ; Read in the 1 st data 

; to reset the intr 
8901 START: ORL Pl,#l ; Set port pi n high 
B820 MOV RO,#20H ; Data address 
B9 FF MOV Rl, #OFFH ; Dummy address 
BA 10 MOV R2, #10H ; Counter for 16 bytes 
23 FF AGAIN: MOV A,#OFFH ; Set ACC for intr loop 
99 FE ANL Pl, #OFEH ; send CS (bit 0 of Pl ) 
91 MOVX @R1,A ; send WRout 
05 EN I ; Enable interrupt 
9621 LOOP: JNZ LOOP ; Wait for interrupt 
EA lB DJNZ R2,AGAIN ; If 16.bytes are read 
00 NOP ; ,90 to user's program 
00 NOP 

ORG 50H 
81 INDATA: MOVX A,@Rl. ; Input data,CS still low 
AO MOV @RO,A ; Store in memory 
18 INC RO ; Increment storage counter 
8901 ORL P1, #1 ; Reset CS signal 
27 CLR A ; Clear ACC to get out of 
93 RETR ; the interrupt loop 
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SAMPLE PROGRAM FOR FIGURE 72 - INS8073 INTERFACE 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 

The INS8073 allows users to program directly in Tiny 
Basic. DS1488/1489 driver/receiver chips are used for 
level buffering to communicate via RS·232. (Fo; a de· 
tailed description of the INS8073 and the Tiny Basic, 
see INS8073 data sheet.) The ADC0801 is mapped 
into the memory space of the 8073 system (see 
Figure 72). A RAM of 1k bytes is provided in which 
the first 256 bytes are used by the Tiny Basic micro· 0 

interpreter. Address 3000 (Hex) is assigned to the 
A/D and the 16 converted data bytes are stored at 
external RAM 10catio(1s from 1300 to 13DF (Hex). 
STAT function is used to examine the interrupt sig· 
nal from the A/D. A sample Tiny Basic subroutine is 
given in the sample program for Figure 72 - INS8073 0 

Interface. 

4.2 Interfacing the Z·80 

The Z·80 control bus is sl~tly different from that of 
the 8080. General RD and WR strobes are provided and 
separate memory request, MREO, and I/O request, 
lORa, signals are used which have to be combined with 
the generalized strobes to provide the equivalent 8080 
signals. An advantage of operating the A/D in I/O space 
with the Z·80 is that the CPU will automatically insert 
one wait state (the RD and WR strobes are extended one 
"lock period) to allow more time for the I/O devices to 
respond. Logic to map the A/D in I/O space is shown in 
Figure 13. 

ifliO~OO iilI201 
ICRII 0 AID 

WR3 

WR MM74C32 L-__ ~ 

FIGURE 13. Mapping the A/D as an I/O Device 
for Use with the Z·80 CPU 

Additional I/O advantages exist as software DMA rou· 
tines are available and use can be made of the output 
data transfer which exists on the upper 8 address lines 
(A8 to A15) during I/O.input instructions. For example, 
MUX channel selection for the A/D can be accomplished 
with this operating mode. 

C= 16 
0= #1300 
@#3OO0=A 
A= STAT AND #20 
IFA<>OTHEN GO TO 130 
@D=@#30oo 
0= 0+ 1 
C=C-1 
IF C>OTHEN GO TO 120 
RETURN 

; REM C is the 16 bytes counter 
; REM 0 points to data address 
; REM start A/D 
; REM wait until interrupt 
; REM from A/D 
; R EM input converted data 
; R EM increment data address 
; REM check counter 
; R EM if 16 data have been read 
; REM return to main program 

4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus for the 6800 microprocessor derivatives 
does not use the RD and WR strobe signals. Instead it 
employs a single R!W line and additional timing, if 
needed, can be derived from the ",2 clock. All I/O 
devices are memory mapped in the 6800 system, and a 
special signOal, VMA, indicates that the current address is 
valid. Figure 14 shows an interface schematic where the 
A/D is memory mapped in the 6800 system. For sim· 
plicity, the CS decoding is shown using 1/2 DM8092. 
Note that in many 6800 systems, an already decoded 
4/5 line °is brought out to the common bus at pin 21. 

o This· can be tied directly to the CS pin of the A/D, pro
vided that no other devices are addressed at HEX 
ADDR: 4XXX or 5XXX. 

The followingo subroutine essentially performs the sall]e 
function as in the case of the 8080A interface and it can 
be called from anywhere in the user's program. 

In Figure 15 the ADC0801 series is interfaced to the 
M6800 microprocessor through (the arbitrarily chosen) 
Port B of the MC6820 or MC6821 Peripheral Interface 
Adapter, (PIA). Here the CS pin of the AID is grounded 
since the PIA is already memory mapped in the M6800 
system and no CS decoding is necessary. Also notice 
that the A/D output data lines are connected to the 

o microprocessor bus under program control -through 
the PIA and therefore the AID RD pin can be grounded. 

A sample interface program equivalent to the previous 
one, is shown below Figure 15. The PIA Data and 
Control Registers of Port B are located at H EX ad
dresses 8006 and 8007, respectively. 

5.0 GENERAL APPLICATIONS 

The following applications show some interesting uses 
for the A/D. The fact that one particular microprocessor 
is used is not meant to be restrictive. Each of these appli
cation circuits would have its counterpart using any 
microprocessor which is desired. 
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5.1 Multiple ADC0801 Series to MC6800 CPU 
Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme 
presents several advantages over the conventional multi· 
plexer single·converter approach. With the ADC0801 

ANALOG 
INPUTS 

1 
cs 

-* Rii 
Wii 
ClK IN 

5 
INTR 

6 

7 VINI+I 

__ 8 VINH 

O;f~AGNO 
150 ,F 1: VREF/2 

J., "* OGNO 

10k 

V 

AID 

series, the differential inputs allow individual span 
adjustment for each channel. Furthermore, all analog 
input channels are sensed simultaneously, which essen· 
tially divides the microprocessor's total system servicing 
time by the number of channels, since all conversions 
occur simultaneously. This scheme is shown in Figure 16. 

~10" 
v .!!!....~ T 

CC 19 -::-
ClKR --

OBO 18 
11 
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OB2 16 
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14 
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13 
OB5 
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6,r-L-o<J---c 
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IRQ (41*[0[** 

RNi (341 161 

5V 181 [ABCI 
123 

001331 [311 

01 1321 1291 

02 1311 [iii 
03 1301 (iii 
041291 (321 

05 1281 [301 

06 1271 (0 
07 1261 (II 

A12 1221 1341 

A13 (231 (NI 

1I20~ L..o<J---c 
A14 (241 (MI 

A15 1251 1331 

5' 
VMA 151 (FI 

lGNO 11I[ iiiXi' I Note 1: Numbers in parentheses refer to MeSSOD CPU pin out. 414243 

Note 2: Numbers or letters In brackets refer to standard M6800 system common bus code. 

FIGURE 14. ADCOB01-MC6BOO CPU Interface 

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE 

0010 DF 36 DATA(N STX TEMP2 ; Save contents of X 
0012 C,E 00 2C LOX #$002C ; Upon I RO low CPU 
0015 FF FF F8 STX SFFF8 ; jumps to 002C 
0018 87 5000 STAA S5000 ; Starts ADC0801 
001B DE CLI 
001C 3E CONVRT WAf ; Wait for interrupt 
OOlD DE 34 LOX TEMPI 
001F 8C 02 OF CPX .::$020F ; Is final data stored? 
0022 27 14 BEQ ENOP 
0024 B7 5000 STAA $5000 ; Restarts ADC0801 
0027 08 INX 

,0028 DF 34 STX TEMPI 
002A 20 FO BRA CONVRT 
002C DE 34 INTRPT LOX TEMPI 
002E B6 5000 LOAA $5000 ; Read data 
0031 A700 STAA X ; Store it at X 
0033 3B RT! 
0034 0200 TEMPI FD8 $0200 ; Starting address for 

; data storage 
0036 0000 TEMP2 _ FOB SOD 00 
0038 CE 0200 ENDP LOX #$0200 ; Reinitialize TEMPI 
003B OF 34 STX TEMPI 
003D DE 36 LOX TEMP2 
003F 39 RTS ; Return from subroutine 

; To user's program 

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be 
dimensioned in the user's program. 
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0040 
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AGND DBS 13 15 

PFT PB5 

0; VREFI2 DBB 12 16 
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11 17 

d7--= 
o GND , PB7 

FIGURE 15. ADC0801-MC6820 PIA Interface 

SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE 

CE 00 38 OATAIN LOX #$0038 ; Upon I RQ (ow CPU 
FF FF F8 STX $FFF8 ; jumps to 0038 
B6 80 06 LDAA PIAOR8 ; Clear possible I RQ flags 
4F CLRA 
B7 80 07 STAA PIACRB 
B7 80 06 STAA PIAORB ; Set Port B as input 
OE CLI 
C634 LDAB #$34 
8630 LOAA #$30 
F7 80 07 CONVRT STAB PIACRB ; Starts AOC0801 
B7 8007 STAA PIACRB 
3E WAI ; Wait for interrupt 
DE 40 LOX TEMPl 
8C 02 OF CPX #$020F ; Is final data stored? 
27 OF BEQ ENOP 
08 -INX 
OF 40 STX TEMPl 
20 EO BRA CONVRT 
OE 40 INTRPT LOX TEMPl 
B6 80 06 LOAA PIAORB ; Read data in 
A700 STAA X ; Store it at X 
3B RTI 
0200 TEMP1 FOB $0200 ; Starting address for 

; data storage 
CE 02 00 ENOP LOX #$0200 ; Reinitialize TEMP1 
OF 40 STX TEMPl 
39 RTS ; Return from subroutine 

PIAORB EQU $8006 ; To user's program 
PIACRB EQU $8007 
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The following schematic and sample subroutine (DATA 
IN) may be used to interface (up to) 8 ADC0801's 
directly to the MC6800 CPU. This scheme can easily be 
extended to allow the interface of more converters. In 
this configuration the converters are (arbitrarily) located 
at HEX address 5000 in the MC6800 memory space. To 
save components, the clock signal is derived from just 
one RC pair on the first converter. This output drives the 
other AIDs. 

All the converters are started simultaneously with a 
STORE instruction at HEX address 5000. Note that any 
other HEX address of the form 5XXX will be decoded 
by the circuit, pulling all the CS inputs low. This can 
easily be avoided by using a more definitive address de
coding scheme. All the interrupts are ORed together to 
insure that all AIDs have completed their conversion 
before the microprocessor is interrupted. 

The subroutine, DATA IN, may be called from anywhere 
in the user's program. Once called, this routine initializes' 
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the CPU, starts all the converters simultaneously and 
waits for the interrupt signal. Upon receiving the in· 
terrupt, it reads the converters (from HEX addresses 5000 
through 5007) and stores the data successively at (arbi
trarily chosen) HEX addresses 0200 to 0207, before 
returning to the user's program. All CPU registers then 
recover the original data they had before servicing DATA 
IN. 

5.2 Auto-Zeroed Differential Transducer Amplifier 
and AID Converter 

The differential inputs of the ADC0801 series eliminate 
the need to perform a differential to single ended 
conversion for' a differential transducer. Thus, one op 
amp can be eliminated since the differential to single 
ended conversion is provided by the differential input 
of the ADC0801 series. In general, a transducer preamp 
is required to take advantage of the full AID converter 
input dynamic range. 
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Note 1: Numbers in parentheses refer to MC6BOO CPU pin out. 
Note 2: Numbers or letters in brackets refer to standard M6SDD system common bus code. 

FIGURE 16. Interfacing Multiple AIDs in an MC6BOO System 
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SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE AIDs IN AN MC6800 SYSTEM 

ADDRESS HEX CODE MNEMONICS COMMENTS 

0010 OF 44 DATAIN STX TEMP ; Save Contents of X 
0012 CE 00 2A LOX #$002A ; Upon IRQ LOW CPU 

"-
0015 FF FF F8 STX $FFF8 ; Jumps to 002A 
0018 B7 50 00 STAA $5000 ; Starts all A/D's 
001B OE CLI 
001C 3E WAI ; Wait for interrupt 
0010 CE 50 00 LOX #$5000 
0020 OF 40 STX INDEXl ; Reset both INDEX 
0022 CE 02 00 LOX #$0200 ; 1 and 2 to starting 
0025 OF 42 STX INDEX2 ; ac!dresses 
0027 DE 44 LOX TEMP 
0029 39 RTS ; Return from subroutine 
002A DE 40 INTRPT LOX INDEXl ;INDEXl .... X 
002C A600 LDAA X ; Read data in from A/D at X 
002E 08 INX ; Increment X by one 
002F OF 40 STX INDEXl ;X .... INDEXl 
0031 DE 42 LDX INDEX2 ;INDEX2 .... X 
0033 A700 STAA X , ; Store data at X 
0035 8C 02 07 CPX #$0207 ;Have all A/D's been read? 
0038 27 05 BEQ RETURN ;Yes: branch to RETURN 
003A 08 INX ;No: increment X by one 
oo3B OF 42 STX INDEX2 ;X .... INDEX2 
0030 20 EB BRA INTRPT ; Branch to 002A 
003F 3B RETURN RTI 
0040 50 00 INDEXl FOB $5000 ;Starting address for A/D 
0042 02 00 INDEX2 FOB $0200 ;Starting address for data storage 
0044 00 00 TEMP FOB $0000 

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pOinter must be-dimensioned in 
the user's program. 

For amplification of DC input signals, a major' system 
error is the input offset voltage of the amplifiers used 
for the preamp. Figure 17 is a gain of 100 differential 
preamp whose offset voltage errors will be cancelled by a 
zeroing subroutine which is performed by the I NS8080A 
microprocessor system. The total allowable input offset 
voltage error for this preamp is only 50J,J.V for 1/4 LSB 
error. This would obviously require very precise ampli
fiers. The expression for the differential output voltage 
of the preamp is: 

. Vo = [VIN(+) - VINHl [1 + :~2] + 
, , 

SIGNAL GAIN 

( 2R2) 1+-
Rl , ., 

DC ERROR TERM GAIN 

where Ix is the current through resistor Rx. All of the 
offset error terms can be cancelled by making ±lxRx = 
Vosl + Vos3 - Vos2. This is the principle of this 
~uto-zeroing scheme. 

The INS8080A uses the 3 I/O ports of an INS8255 Pro
grammable Peripheral Interface (PPIl to control the auto 
zeroing and input data from the ADC0801 as shown in 
Figure 18. The I'l'l is programmed for basic I/O opera
tion (mode 0) with Port A being an input port and Ports 
Band' C being output ports. Two bits of Port C are used 
to alternately open or close the 2 switches at the input 
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of the pream'p. Switch SWl is closed to force the pre
amp's differential input to be zero during the zeroing 
subroutine and then opened and SW2 is then closed for 
conversion of the actual differential input signal. Using 
2 switches in this manner eliminates concern for the ON 
resistance of the switches as they must conduct only the 
input bias current of the input amplifiers. 

Output Port B is used as a successive approximation 
register by the 8080 and the binary scaled resistors in 
series with each output bit create a D/ A converter. 
During the zeroing subroutine, the voltage at Vx in
creases or decreases as required to make the differential 
output voltage equal to zero. This is accomplished by 
insuring that the voltage at the output of A 1 is approxi
mately 2.5V so that a logic "1" (5V) on any output of ' 
Port B will source current into node Vx thus raising the 
voltage at Vx and making the output differential more 
negative. Conversely, a logic "0" (OVI will pull current 
out of node Vx and decrease the voltage, causing the 
differential output to become more positive. For the 
resistor values shown, Vx can move ±12 mV with a 
resolution of 50 J,J.V which will null the offset error 
term to 1/4 LSB of full-scale for the ADC0801. It is 
important that the voltage levels which drive the auto
zero resistors be constant. Also, for symmetry, a logic 
swing of OV to 5V is convenient. To achieve this, a 
CMOS buffer is used for the logic output signals of Port 
B and this CMOS package is powered with a stable 5V 
source. Buffer amplifier A 1 is necessary so that it can 
source or sink the 0/ A output current. 
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FIGURE 17. Gain of 100 Differential Transducer Preamp 
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FIGURE 18. Microprocessor Interface Circuitry for Differential Preamp 
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A flow chart for the zeroing subroutine is shown in 
Figure 19. It must be noted that the ADC0801 series 
will output an all zero code when it converts a negative 
input [VIN(-) ~·VIN(+)]. Also, a logic inversion exists 
as all of the 1/0 ports are buffered with inverting gates. 

Basically, if the data read is zero, the differential output 
voltage is negative, so a bit in Port B is cleared to pull 
Vx more negative which will make the output more 
positive for the next conversion. If the data read is not 
zero, the output voltage is positive so a bit in Port B 
is set to make V x more positive and the output more 
negative. This continues for 8 approximations and trie 
differential output eventually converges to within 5 mV 
of zero. 

The actual program is given in Figure 20. All addresses 
used are compatible with the BLC BO/l0 microcomputer 
system. In particular: 

Port A and the ADC0801 are at port address.E4 
Port B is at port address E5 
Port C is at port address E6 
PPI control word port is at port address E7 
Program Counter automatically goes to ADDR:3C3D 
upon acknowledgement of an interrupt from the 
ADC0801 

5.3 MUltiple lAID Converters in a Z-80 
Interrupt Driven Mode 

In data acquisition systems where more than one AID 
converter (or other peripheral device) will be interrupting 
program execution of a microprocessor, there is ob- . 
viously a need for the CPU to determine which device 
requires servicing. Figure 21 and the accompanying 
software is a method of determining which of 7 
ADC0801 converters has completed a conversion (INTR 
asserted) and is requesting an' interrupt. This circuit 
allows starting the AID converters in any sequence, 
but will input and store valid data from the converters 
with a priority sequence of AID 1 being read first, 
AID 2 second, etc., through AID 7 which would have 
the lowest priority for data being read. Only the con
verters whose INT is asserted will be read. 

The key to decoding circuitry is the DM74LS373, 
8-bit D type flip-flop. When the l-80 acknowledges 
the interrupt, the program is vectored to a data input 
Z-80 subroutine. This subroutine will read a peripheral 
status word from the DM74LS373 which contains 
the logic state of the INTR outputs of all the con
verters. Each converter which initiates an interrupt 
will place a logic "0" in a unique bit position in the 
status word and the subroutine will determine the 
identity of the converter and execute a data read. An 
identifier word (which indicates which AID the data 
came from) is stored in the next sequential memory 
location above the location of the data so the program 
can keep track of the identity of the data entered. 

8-56 

"EXCLUSIVE-DR" 
REG B WITH REG C 
TO SET NEXT BIT 

IN PORTB 

FIGURE·19. Flow Chart for Auto-Zero Routine 



3000 3E90 MVI90 
3002 03E7 Out Control Port ; Program PPI 
3004 2601 MVI H 01 Auto-Zero Subroutine 
3006 7C MOV A,H 
3007 03E6 OUT C ; Close SW1., open SW2 
3009 0680 MVI B 80 ; Initialize SAR bit pointer 
300B 3E7F MVI A 7F ; Initialize SAR ~ode 
3000 4F MOV C,A Return 
300E 03E5 OUT B ; Port B = SAR code 
3010 31AA30 LXI SP 30AA Start ; Dimension stack pointer 
3013 03E4 OUT A ; Start A/O 
3015 FB IE 
3016 00 NOP Loop ; Loop until INT asserted 
3017 C31630 JMP Loop 
301A 7A MOV A,O Auto·Zero 
301B C600 AOIOO 
3010 CA2030 JZ Set C ; Test AID output data for zero 
3020 78 MOV A,B Shift B 
3021 F600 ORIOO ; Clear carry 
3023 1F RAR ; Shift "1" in B right one place 
3024 FEOO CPIOO ; Is B zero? If yes last 
3026 CA3730 JZ Done ; approximation has been made 
3029 47 MOV B,A 
302A C33330 JMP New C 
3020 79 MOV A,C Set C 
302E BO ORA B ; Set I:!it in C that is in same 
302F 4F MOV C,A ; position as "'" in B 
3030 C32030 JMP Shift B 
3033 A9 XRA C New C ; Clear bit in C that is in 
3034 C30030 JMP Return ; same position as "l" in B 
3037 47 MOV B,A Done ; then output new SAR code. 
3038 7C MOV A,H ; Open SW1, cl!,se SW2 then 
3039 EE03 XRI03 ; proceed with program •. Preamp 
303B 03E6 OUT C ; is now zeroed. 
3030 Normal 

Program for processing 
proper data values 

3C30 OBE4 IN A Read AID Subroutine ; Read AID data 
3C3F EEFF XRI FF ; Invert data 
3C41 57 MOV O,A 
3C42 7B MOV A,B ; Is B Reg = O? If not stay 
3C43 E6FF ANI FF ; in auto zero subroutine 
3C45 C21A30 JNZ Auto-Zero 
3C48 C33030 JMP Normal 

Note: All numerical values are hexadecimal representations. 

FIGURE 20, Software for Auto-Zeroed Differential AID 

5,3 Multiple AID Converters in a Z·80 
Interrupt Driven Mode (Continued) 

The following notes apply: 

1) It is assumed that the CPU automatically perform's 
a RST 7 instruction when a valid interrupt is ac
knowledged (CPU is in interrupt mode 1). Hence, 
the subroutine starting address of X0038. 

2) The address bus from the Z-80 and the data bus to 
the Z-80 are assumed to be inver1ed by bus drivers. 

3) AID data and identifying words will be stored in 
sequential memory'locations starting at the arbitrarily 
chosen address X 3EOO. 

4) The stack pointer must. be dimensioned in the main 
program as the RST 7 instruction automatically 
pushes the PC onto the stack and the subroutine 
uses an additional 6 stack addresses. 
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5) The peripherals o~ concern are mapped into .1/0 
space with the following port assignments: 

HEX PORT ADDRESS PERIPHERAL 

00 MM74C374 8-bit flip-flop 
01 AID 1 
02 AID 2 
03 AID 3 
04 AID 4 
05 AID 5 
06 AID 6 
07 AID 7 

This port address also serves as the AID identifying word 
in the program. 
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FIGURE 21. Multiple AIDs with Z-BO Type Microprocessor 

INTERRUPT SERVICING SUBROUTINE 

LOC OBJCOOE 

0038 E5 
0039 C5 
003A F6 
0038 21 003E 
003E OE 01 
0040 0300 
0042' OBOO 
0044 47 
0045 79 TEST 
0046 FE OB 
0048 CA 60 00 
004B 78 
004C IF, 
0040 47 
004E OA 5500 
0051 OC NEXT 
0052 C3 4500 
0065 ED 78 LOAD 
0057 EE FF 
0059 77 
005A 2C 
005B 71 
005C 2C 
0050 C3 61 00 
0060 Fl OqNE 
0061 Cl 
0082 El 
0063 C9 

SOURCE 
STATEMENT 

PUSH HL 
PUSH BC 
PUSH AF 
LO (HLI,X3EOO 
LO C,XOl 
OUT XOO,A 
IN A, XOO 
LO B,A 
LO A,C 
cp, X08 
JPZ, DONE 
LD A,B 
RRA 
LO B.A 
JPC. LOAO 
INC C 
JP,TEST 
IN A,ICI 
XOR FF 
LO (HLI,A 
INC L 
LO (HLI,C 
INC L 
JP,NEXT 
POPAF 
POPBC 
pop HL 
RET 
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COMMENT 

; Save contents of all registers affected by 
; this subroutine. 
; Assumed INT mode 1 earlier set. 
; Initialize memory pointer where data will be stored. 
; C register will be port AODR of AID converters. 
; Load peripheral status word into a·bit 'atch. 
; Load status word into accumulator. 
; Save the status word. 
; Test to see if the status of all AID's have 
: been checked. If so. exit subroutine. 

; Test a single bit in status word by looking for 
; a "1"to be rotated into the CARRY (an iNf 
; is loaded as a "1"). If CARRY is set then load 
; contents of AID at port ADDR in C register. 
; If CARRY is not set. Increment C register to point 
; to next AID. then test next bit in status word. 
; 'Read data from interrupting AID and invert 
; the data. 
; Store the data. 

; Store AID identifier lAID port ADDRI. 

; Test next bit in status word. 
; Re-establish all registers as they were 
; before the interrupt. 

; Return to original program. 



Ordering Infor~ation 
TEMPERATURE RANGE O'C TO 70'C -40"C TO +8S"C -40'C TO +8S 'C -SS'C TO +12S'C 

±1/4 Bit Adjusted ADC0801LCN ADCOB01LCD ADC0801LD 

±1/2 Bit Unadjusted ADC0802LCN ADC0802LCD ADC0802LD 
ERROR 

±1/2 Bit Adjusted ADC0803LCN ADC0803LCD 

±1 Bit Unadjusted ADC0804LCN ADC080SLCN ADC0804LCD 

PACKAGE OUTLINE N20A-MOLDED DIP D20A-CAVITY DIP D20A-CAVITY DIP 

Connection Diagram 
ADC080X 

Dual-ln-Line,Package 

Cf-l: '-" .!!!.. Vee lOR VREF) 

iiii~ .1!.. eLK R 

Wii~ .!!.. DBO ILSB) 

elKIN ...!. ~DBI 

nm~ ,!!- DBZ ,. 

VINI')-'- ,!!- DB3 

VINH...2.. ,.!!- DBC 

AoND -!. ,!!-DB. 

VREF/Z ...!. r!LDB6 

DONO ....!!!. ~DB7{MSB) 
TOP VIEW 

, 

-
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ADC0808, ADC0809 8·Bit p,P Compatible AID Converters 
With 8·Channel Multiplexer 
General Description 
The ADCOSOS, ADCOS09 data acquisition component Is a 
monolithic CMOS device with an S·bit analog·to·dlgltal 
converter, S·channel multiplexer and microprocessor 
compatible control logic. The S·blt AID converter uses suc· 
cessive approximation as the conversion technique. The 
converter features a high Impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. 'The S·channel 
multiplexer can directly access any of8-slngle-ended ana· 
log signals. 

The device eliminates the need for external zero and full· 
scale adjustments. Easy Interfacing to microprocessors 
Is provided by the latched and decoded multiplexer ad· 
dress Inputs and latched TTL TRI·STATE'" outputs. 

The design of the ADCOSOS, ADCOS09 has been optimized 
by Incorporating the most desirable aspects of several 
AID conversion techniques. The ADCOSOS, ADCOS09 of· 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long·term accuracy and repeatabl· 
IIty, and consumes minimal power. These features make 
this device Ideally suited to applications from process and 
machine control to consumer and automotive applica· 
tions. For 16·channel multiplexer with common output 
(sample/hold port) see ADCOS16 data sheet. (See AN-247 
for more information. 

Block Diagram 

Features 
• Resolution - S·bits 
• Total unadjusted error - ± 1/2 LSB and ± 1 LSB 

• No missing codes 
• Conversion time - 100 "s 
• Single supply - 5 V DC 

• Operates ratlometrlcaliy or with 5 V DC or analog span 
adjusted voltage reference 

• 8-channel multiplexer wlth'latched control logic 
• Easy Interface to all microprocessors, or operates 

"stand alone" 

• Outputs meet T2L voltage level specifications 
• OV to 5V analog input voltage range with single 5V 

supply 

• No zero or full·scale adjust required 
• Standard hermetic or molded 2S·pln DIP package 
• Temperature range -40°C to +S5"C or -55°C to 

+125°C 

• Low power consumption - 15 mW 
• Latched TRI·STATE'" output 

START CLOCK 

18.m;,;; - - -r----.a.....---''----. 

: I-r.-------o ~:~::R~~~~ERSIDN 

B ANALOG INPUTS 

ADDRESS 
LATCH ENABLE 

I 
I 

B CHANNELS I 
MU~~m~ING t----t-l 

SWITCHES 

ADDRESS 
LATCH 

AND 
DECODER 

1 1 
Vce GND 

TRI·STAT~ is a registered trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

SupplyVoltage(Vcc)(Note3) 6.SV Temperature Aange(Note 1) TMIN:sTA:sTMAX 
Voltage at Any Pin -0.3V to (VCC + 0.3Y) ADC0806CJ -S5·C:sTA:s+12S·C 

Except Control Inputs ADC0806CCJ, ADC0808CCN, 
Voltage at Control Inputs -0.3Vto +15V ADC0609CCN -40·C:sTA:S +85·C I 

(STAAT, OE, CLOCK, ALE,'ADD A, ADD B, ADD C) AangeoIVCC(Notel) 4.5 VDC 106.0 VDC 
Storage Temperature Aange -65·Cto +150·C 
Package Dissipation alTA = 25·C 875mW 
Lead Temperalure (Soldering, 10 seconds) 300·C 

Electrical Characteristics 
Converter Specifications: Vcc=5 VDC = VAEF(+l> VAEF(_)= GND, T MINSTAsT MAX and fCLK =640 kHz 
unless otherwise stated. 

Parameter Conditions Min Typ Max Units 

ADCOBOB 
Total Unadjusted Error 25·C ±1/2 LSB 
(Note 5) TMINto TMAX ±3/4 LSB 

ADCOB09 
Total Unadjusted Error O·C to 70·C ±1 LSB 
(Note 5) TMIN tOTMAX ± 11/4 LSB 

Input Resistance From Ref( + ) to Ref( - ) 1.0 2.5 kG 

Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.10 Vcc+0.10 VDC 

VAEF(+) Voltage, Top of Ladder Measured at Ref( + ) VCC Vcc+0.1 V 

VAEF(+)+VAEF(-) Voltage, Center of Ladder Vcc/2-0.1 Vcc/2 Vcc/2+0.1 V 
2 

VAEF(-) Voltage, Bottom of Ladder Measured at Rel( - ) -0.1 0 V 

Comparator Input Current 'c=640 kHz, (Note 6) -2 ±0.5 2 /lA 

Electrical Characteristics 
Digital Levels and DC Specifications: ADCOBOBCJ 4.5V sVcc s5.5V, - 55·CsTAs :.. 125·C unless otherwise noted 
ADC080BCCJ, ADC080BCCN, and ADC0809CCN 4.75sVccs5.25V, - 40·CsTAs + 85·C unless otherwise noted 

Parameter I Conditions I Min I Typ I Max I Units 

ANALOG MULTIPLEXER 

IOFF(+) OFF Channel Leakage Current Vcc =5V, VIN =5V, 
TA=25·C 10 200 nA 
TMIN to TMAX 1.0 /lAo 

IOFFH OFF Channel Leakage Current Vcc=5V, VIN=O, 
TA=25·C -200 -10 nA 
TMINtoTMAX -1.0 /lA 

CONTROL INPUTS 

VIN(I) Logical "1" Input Voltage Vcc-1.5 V 

VIN(O) Logical "0" Input Voltage 1.5 V 

IIN(I) Logical "1" Input Current VIN =15V 1.0 /lA 
(The Control Inputs) 

IIN(O) Logical "0" Input Current VIN=O -1.0 /lA 
(The Control Inputs) 

Icc Supply Current fCLK = 640 kHz 0.3 3.0 mA 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0808CJ 4.5V s Vcc s 5.5V, - 55·C s Tli S + 125·C unless otherwise noted 

ADC0808CCJ, ADCoao8CCN, and ADC0809CCN 4.75sVccs5.25V, - 40·CsTAs + 85·C unless otherwise noted 

Parameter Conditions 

DATA OUTPUTS AND EOC (INTERRUPT) 

VOUT(I) 

VOUT(O) 

VOUT(O) 

lOUT 

Logical "1" Output Voltage Jo = - 3110 p.A 

Logical "0" Output Voltage 10= 1.6 mA 

Logical "0" Output Voltage EOC 10= 1.2 mA 

TRI·STATE@ Output Current 

Electrical Characteristics 

Vo=5V 

Vo=O 

Min 

Vcc-0.4 

-3 

Typ Max 

0.45 

0.45 

3 

Timing Specifications: Vcc= V REF(+)= 5V, V REF(-)= GND, tr= tf= 20 ns and TA= 25·C unless otherwise noted. 

Symbol Parameter Conditions 

tws Minimum Start Pulse Width (Figure 5) 

tWALE Minimum ~LE Pulse Width (Figure 5) 

ts Minimum Address Set·Up Time (Figure 5) 

tH Minimum Address Hold Time (Figure 5) 

to Analog MUX Delay Time Rs=OIl (Figure 5) 
From ALE 

tHI, tHO OE Control to Q Logic State C L = 50 pF, RL = 10k (Figure 8) 

t lH, tOH OE Control to Hi·Z C L = 10 pF, RL = 10k (Figure 8) 

tc Conversion Time f c=640 kHz, (Figure 5) (Note 7), 

fc Clock Frequency 

t Eoe EOC Delay Time (Figure 5) 

CIN Input CapaCitance At Control Inputs 

COUT TRI·STATE@ Output At TRI·STATE@ Outputs, (Note 12) 

CapaCitance .. 

Note 1: Absolute maximum ratings are those values beyond which thellle of the device may be Impaired. 
Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 
Note 3: A zener diode exists, Internally, from VCC to GNO and has a typical breakdown vollage of 7 VOC' 

Min Typ Max 

100 200 

100 200 

25 50 

25 50 

1 2.5 

125 250 

125 250 

90 100 116 

10 640 1280 

0 \ 8+2p.s 

10 15 

10 15 

Units 

v 
V 

V 

p.A 

p.A 

Units 

ns 

ns 

ns 

ns 

P.s 

ns 

ns 

P.s 

kHz 

Clock 

Periods 

pF 

pF 

. 
Note 4: Two on-chip diodes are tied to each analog Input which will forward conduct for analog Input voltages one diode drop below ground or one diode drop 
greater than the VCC supply. The spec allows 100 mV forward bias of ellher diode. This means that as long as the analog VIN does not exceed the supply 
voltage by more than 100 mY, the output code will be correct. To achieve an absolute 0 VOC to 5 VOC Input,ollage range will therefore require a minimum sup
ply voltage of 4.900 VOC over temperature variations, Initial tolerance and loading. 
Note&: Total unadjusted error Includes offset, full·scale, linearity, and multiplexer errors. See Figure 3. None olthese AlOs requires azero or full·scale adjust. 
However, If an all zero code Is deslrad for an analog Input other than O.OV, or If a narrow full·scale span exists (for example: O.SV t04.5V full-scale) the reference 
voltages can be adjusted to achieve this. See Figure 13. . 
Note 8: Comparator Input current Is a bias current Into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 
Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 
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Functional Description 
Multiplexer: The device contains an 8-channel single
ended analog signal multiplexer. A particular Input chan· 
nel Is selected by using the address decoder. Table I 
shows the Input states for the address lines to select any 
channel. The address Is latched Into the decoder on the 
low·ta-hlgh transition of the address latch ena!?le signal. 

TABLE I 

SELECTED ADDRESS LINE 
ANALOG CHANNEL C B A 

INO L L L 

IN1 L L H 

IN2 L H L 

IN3 L H H 

IN4 H L L 

IN5 H L H 

IN6 H H L 

IN? H H H 

CONVERTER CHARACTERISTICS 

The Converter 

The heart of this single chip data acquisition system is Its 
8-blt analog·ta-dlgltal converter. The converter Is designed 

to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
Into 3 major sections: the, 256R ladder network, the suc· 
cesslve approximation register, and the comparator. The 
converter's digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional Rl2R ladder because of Its Inher."nt 
monotonlclty, which guarantees no missing digital codes. 
Monotonlcity Is particularly Important in closed loop feed
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 

The bottom resistor and the top resistor of the ladder 
network in Figure 1 are' not the same value as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym
metrical with the zero and fu II-scale pOints of the transfer 
curve. The first output transition occurs when the analog 
signal has reached + 112 LSB and succeeding output 
transitions occur every 1 LSB later up to full-scale. 

The successive approximation register (SAR) performs 8 
Iterations to approximate the Input voltage. For any SAR 
type converter, n-Iterations are required for an n-blt con
verter. Figure 2 shows a typical example of a 3-blt con
verter. In the ADC0808, ADC0809, the approximation 
technique Is extended to 8 bits using the 256R network. , 

CONTROLS FROM S.A.R. 

REFI+) 

REFH 

I 

• 

256R • • 

FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The AID converter's successive approximation register 
(SAR) Is reset on the positive edge of the start conversion 
(SC) pulse. The conversion Is begun on the failing edge of 
the start conversion pulse. A conversion In process will be 
Interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end·of·converslon (EOC) output to the SC Input. If used In 
this mode, an external start conversion pulse should be 
applied after power up. End-of·converslon will go low be· 
tween 0 and 8 clock pulses after the rising edge of start 
conversion. 

The most Important section of the AID converter Is the 
comparator. It Is this section which Is responsible for the 
ultimate accuracy of the entire converter. It Is also the 

w 
Q 
Q ... .... 
:::I 

I!: 
:::I 
Q 

Ii!. 
«( 

111 

110 

101 

100 

011 

010 

FULL-SCALE 
ERROR = 1/2 LSB 

~1-11-21-8-3-/8-4-11-611-B-I1-7/-8- VIN 
VIN AS FRActiON OF FULL-SCALE 

FIGURE 2. 3-BIt AID Transfer Curve 

comparator drift Which has the greatest Influence on the 
repeatability of the device. A chopper·stablllzed com· 
parator provides the most effective method of satisfying 
all the converter requirements. -

The chopper·stablllzed comparator converts the DC Input 
signal Into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level-restored. This 
technique limits the drift component of the amplifier since 
the drift Is a DC component which is not passed by the AC 
amplifier. This makes the enllre AID converter extremely 
Insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined In AN·179. 

w 
Q 
Q ... .... 
:::I 

I; 
Q 

CI 
C 

111 

110 

101 

100 

011 

010 

001 

I 
_J 

INFINITE RESOLUTION 
PERFECT CONVERTER 

L-1LSB 
ABSOLUTE 
ACCURACY 

I -1/2 LSB I-- QUANTIZATION 
ERROR 

""'----------- VIN 
211 311 411 511 611 711 

VIN AS FRACTION OF FULL·SCALE 

FIGURE 3. 3·Blt AID Absolute Accuracy Curve 

• """""'''' 
QUAN~~~:={IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII11111111111 

INPUT OV FULL 
VOLTAGE SCALE 

FIGURE 4. typical Error Curve 
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Connection Diagram 

Timing Diagram 

CLOCK 

START 

ALE 

ADDRESS 

ANALOG 
INPUT 

COMPARATOR 
• INPUT 

IINTERNAL NODEI 

OUTPUT 
ENABLE 

EDC 

. r--1 
50!! 5l1li 

I-"IWS-
,...-~ 

51H1 SOH\-

~-IWALE 

- r-:: ~ STABLE ADDRESS 

,l1li a,", -IS tH 

S~f.~ 

- to-

---troc 

Dual-ln-L1ne Package 

IN3 2B INZ 

IN4 21 INI 

INS 26 INO 

25 
INB AOOA 

IN1 24 ADD B 

START 23 ADD C 

EOC AOCOBOB 
22 ALE 

2-5 
AOCOB09 21 .IMSB 

OUTPUT 9 20.2 
ENABLE 

CLOCK 
10 19 2-3 

VCC 
11 lB z-4 

REF!» 
12 11 z-B'LSB 

GNO 
13 16 REFH 

.1 14 15 z-B 

TOP VIEW 

, 

I 

, 
, 

STABLE ; X 

: __ x .... __ 
I 

/ 

1-_ , 51H11 
tc , 

OUTPUTS • _______________ ..!."!!!~E ____ -------------~- -{\. _____ --I)-

FIGURES 
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~ Typical Performance Characteristics 

C <C 1.5 ...---.---.---.----, 

i 
c 
<C 

l 0.5 I--+--+-..,,-F--:.~I'<--I 

~ ... 
3 
~ -0.5 1---:-z;;t.~F--+----1I----I 

-1 

1.25 2.5 3.75 

VIN(V) 

FIGURE 6. Comparator liN VB VIN 
(VCC=VREF=5V) 

TRI·STATE® Test Circuits and Timing Diagrams 

Vee 
OUTPUT 
ENABLE 

i 
z 
co 

II: ... .. .. 
~ ... 

ol.-._..J-_-L._.......JL...-.---I 

o 1.25 2.5 3.75 

VIN (V) 

FIGURE 7. Multiplexer RON va VIN 
(VCC=VREF=5V) 

GNO --'-'~''''''-----
OUTPUT 
ENABLE 

OUTPUT 
ENABLE 

Vee vee 

VOH~~IH 
OUTPUT ~ 

GNO -------'== 

Vee 
OUTPUT 
ENABLE GNO _-.!!!l!!.p;~ ____ _ 

.~. tOK 
Vee· -

OUTPUT 
. 10% 

VOL 
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Applications Information 
OPERATION 

1.0 Ratlometrlc Conversion 

The ADC0808, ADC0809 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion 
systems. In ratiometric systems, the physical variable 
being measured is expressed as a percentage of full·scale 
which is not necessarily related to an absolute standard. 
The voltage input to the ADC0808 is expressed by the 
equation 

VIN Ox 
VIs - Vz DMAX - DMIN 

VIN = Input voltage into the ADC0808 
Vls= Full-scale voltage 
Vz=Zero voltage 
Ox = Data point being measured 
DMAX = Maximum data limit 
DMIN = Minimum data limit 

(1) 

A good example of a ratiometric transducer is a poten· 
tiometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full·scale voltage across it. Since the data 
is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0808, ADC0809 is that the Input 
voltage range is equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figure 9). 

Ratiometric tr(!.nsducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measurements must be referred 
to an absolute standard such as voltage or current. This 
means a system reference must be used which relates 
the full-scale voltage to the standard volt. For example, if 
Vee= VREF = 5.12V, then the full·scale range is divided In
to 256 standard steps. The smallest standard step is 1 
LSB which Is then 20 mY. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
Is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( +), should not be more positive 
than the supply, and the bottom of the ladder, Ref( -), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N·channel switches to P-channelswitches. These limita
tions are automatically satisfied in ratlometrlc systems 
and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in
stance, if a5.12V is used, the supply should be adjusted to 
the same voltage within O.W. 

r-------~------~------~--iVcc 
REF(+) 

~I------+-------f-----------t In7 . 

I------f InO 

REFH 

L-----~t-------t-----_t--iGND 

ADCOBOB 

DOUT 

FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 

The ADCOBOB needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground referenced system Is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or Jta capacitive bus Is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
In Figure 12. The LM301 Is overcompensated to insure, 
stability when loaded by the 10 I'F output capacitor. 

I--------ivcc 

The top and bottom ladder voltages cannot exceed Vee' 
and ground, respectively, but they can be symmetrically 
less than Vee and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(I.e., size of the LSB steps decreased) by using a sym· 
metrical reference system. In Figure 13, a 2.5V reference 
'Is symmetrically centered about Ved2 since the same 
current flows In Identical resistors. This system with a 
2.5V reference allows the LSB bit to be half the size of a 
5V reference system. 

t------1 REF(+) DIGITAL 
OUTPUT 
REFERENCED 
TO In7 

• · • 
InO 
REFH 

~--~~---~-iGND 

ADCOBDB 

DDUT 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 

1--.. ----------:-4 REF(+) 

In7 · • · InO 
REFH 

~-----------~~~GND 

ADCOBDB 

FIGURE 11. Ground Referenced Conversion System with 
Reference Generating Vcc Supply 

B-6B 

GROUND 

VIN 
QOUT= VREF 
4.7SV SVee=vREFSS.2SV 

DIGITAL OUTPUT 
REFERENCED TO 
GROUND 

Q - ~ OUT- VREF 
4.7SV sVee=vREFSS.2SV 



Applications Information (Continued) 10-15 VoC 

lk 

LMl29B 

Rl 

":" 

Vcc 

>-4 ...... - .... REF(+) 

REFH 

FIGURE 12. Typical Reference and Supply Circuit 

2.5V 
REFERENCE 

RA 

RB 

5V 

l.75V 

1.25V 

-

vee 

REF(+) 

ln7 

• • 

InO 

REFH 

GNo 

DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25V.:> VIN:> l.75V 

* Ratlometrlc transducers 

FIGURE 13. Symmetrically Centered Reference 

3.0 Converter Equations 

The transition between adjacent codes Nand N + 1 is 
given by: 

VIN={ (VREF(+)- VREF(-»~~6 + 5~2J± VTUE}+ VREF(-) (2) 

The center of an output code N is given by: 

VIN ={ (VREF(+)- VREF(-» ~~ ± VTUE}~ VREF{-) (3) 

The output code N for an arbitrary input are the integers 
within the range: 

N= VIN-VREF(_) x256±AbsoluteAccuracy (4) 
VREF(+)- VREF(-) 

where: V IN = Voltage at comparator input 

V REF( +) = Voltage at Ref( +) 
V REF{-) = Voltage at Ref( -) 
VTUE = Total unadjusted error voltage (typically 

VREF(+)'" 512) 
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4.0 Analog Comparator Inputs 

The dynamic comparator input current is caused by the 
periodic switching of on·chip stray capacitances. These 
are connected alternately to the output of the resistor 
ladder/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with VIN as'shown in 
Figure 6. 

If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not introduce converter errors, as the tran· 
sient created by the capacitance discharge will die out 
before the comparator output is strobed. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It will then take on the 
characteristics of a DC bias current whose effect can be 
predicted conventionally. 



Typical Application 

READ----S-~}o ________________________ _, 

ADDRESS 
DECODE 

(AD4-ADI5)* 

AOI 

AD2 

B 
ADCOBOB 
ADCOB09 

C 

VCC 

GND 

1-_ ... ----+ INTERRUPT 

MSB 

LSB 

.", 1 • 
0-5V 

• ANALOG 
INPUT RANGE 

InO VIN I 

* Address latches needed for 8085 and SC/MP Interfacing the ADC0808 to a microprocessor 

MICROPROCESSOR INTERFACE TABLE 

PROCESSOR READ WRITE INTERRUPT (COMMENn 

8080 MEMR MEMW INTR (Thru RST Circuit) 

8085 AD WR INTR (Thru RST Circuit) 

Z-80 RD WR INT (Thru RST Circuit, Mode 0) 

SC/MP NRDS NWDS SA (Thru Sense A) 

8800 VMA'~2'RlW VMA·.2·RIW iFiOA or iROe (Thru PIA) 

Ordering Information 
(, 

" 

TEMPERATURE RANGE - 4O'C to +8S'C -SS'C to +12S'C 

Error I ± 1/2 Bit Unadjusted ADC0808CCN ADC0808CCJ ADC0808CJ 

• I ± 1 Bit Unadjusted ADC0809CCN 

Package Out)ine N28A Molded DIP J28A Hermetic DIP J28A Hermetic DIP 
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A to 0, D to A 

ADC0816, ADC0817 8·Bit j.tP Compatible AID Converters 
with 16·Channel Multiplexer 
General Description 

8·bit AID converter, see the ADC0808, ADC0809 data 
sheet. (See AN-258 for more information.) 

The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8·bit analog·ta-digital 
converter, 16·channel multiplexer and microprocessor 
compatible control logic. The 8·bit AID converter uses suc· 
cesslve approximation as the conversion technique. The, 
converter features a high impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. The 16,channel 
multiplexer can directly access anyone of 16·single· 
ended' analog signals, and provides the logic for addi· 
tional channel expansion. Signal conditioning of any 
analog input signal is eased by direct access to the 
multiplexer output, and to the input of the 8·bit AID 
converter. 

Features 

The device eliminates the need for external zero and full· 
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad· 
dress inputs and latched TTL TRI·STATE@ outputs. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several 
AID conversion techniques. The ADC0816, ADC0817 of· 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long·term accuracy and repeatabil· 
Ity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica· 
tions. For similar performance in an 8·channel, 28·pin, 

Block Diagram 
COMPARATOR IN 0---------, 

MULTIPLEXER 
OUT 

• Resolution - 8·bits 
• Total unadjusted error - ± 1/2 LSB and ± 1 LSB 

• No missing codes 
• Conversion time - 100 I-'S 

• Single supply - 5 Voc 
• Operates rat'iometrically or with 5 Voc or analog span 

adjusted voltage reference 
• 16·channel multiplexer wi.th latched control logic 
• Easy interface to all microprocessors, or operates 

"stand alone" 
• Outputs meet T2L voltage level specifications 
• OV to 5V analog input voltage range with single 5V 
w~~ , 

• No zero or full·scale adjust required 
• Standard hermetic or molded 40'pin DIP package 
• Temperature range -40°C to +85°C or -55°C to 

+125°C 
• Low power consumption - 15 mW 
• Latched TRI·STATE@ output 
• Direct access to "comp'arator in" and "multiplexer out" 

for signal conditioning 
TRI-STATE® is a registered trademark of National Semiconductor Corp. 

START CLOCK 

ra~;v;; - - -r---...... --...... -, 
I 
I 
I 
I 
I 
I 16 ANALOG INPUTS 

ADDRESS LATCH ENABLE 

EXPANSION CONTROL 

ADDRESS 
LATCH 

AND 
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1 1 
VCC GND 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Voltage (VCC) (Note3) 6.5V Temperature Range(Notel) TMINSTASTMAX 
Voltage at Any Pin \ -O.3V to(VCC + O.3V) ADC0616CJ -55'CsTAs + 125'C 

Except Control Inputs ADC06·16CCJ,ADC0816CCN, -40'CsTAS+85'C 
Voltage at Control Inputs -O.3Vto15V ADC0817CCN 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, Range.ol VCC(Note 1) 4.5VDCto6.0VDC 
ADD A, ADD B, ADD C, ADD D) Voltage at Any Pin OVtoVCC 

Storage Temperature Range -65'C to + 150'C Except Control Inputs 
Peckage Dissipation at TA = 25'C 875mW Voltage at Control Inputs OVto15V 
lead Temperature(Solderlng, 10 seconds) 3OO'C (START, OE, CLOCK, ALE, EXPANSION CONTROL, 

ADD A, ADD B, ADD C, ADD D) 

Electrical Characteristics 
Converter Specifications: Vce= S VDC= VREF(+~ VREF(-)= GND, VIN= VCOMPARATOR IN, TMINSTAsT MAX and 
fClK = 640 kHz unless otherwise stated. 

Parameter Conditions Min Typ Max Units 

ADC0816 
Total Unadjusted Error 25'C ± 1/2 LSB 
(Note 5) TMIN to TMI\X ±3/4 LSB 

ADC0817 
Total Unadjusted Error O'Cto 70'C ±1 LSB 
(Note 5) TMINto IMAX ± 11/4 LSB 

Input ReSistance From Ref( + ) to Rel( - ) 1.0 4.5 kll 

Analog Input Voltage Range (Note 4) V(+) orV(-) GND-0.10 Vce+O.10 Voe 

VREF(+! Voltage, Top 01 Ladder Measured at Ref( + ) Vee "ee+0.1 V 

VREF(+)+VREFH 
2 

Voltage, Center of Ladder Vee/2-O.1 Vee/2 Vce/2 + O.1 V 

VREF(_) Voltage, Bottom of Ladder Measured at Ref(,- ) -0.1 0 V· 

Comparator Input Current 1 c = 640 kHz, (Note 6) -2 ±0.5 2 ~A 

Electrical Characteristics 
Digital Levalsand DC Specillcations: ADC0816CJ 4.SV sVccsS.SV, - SsoCsTAs + 12S·C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.7SVsVcc ,sS.2SV, - 40·C,sTA,s + 8S·C unless otherwise noted. 

Parameter Conditions Min Typ Max Units 

ANALOG MULTIPLEXER 

RON Analog Multiplexer ON (Any Selected Channel) 
ReSistance TA=25'C, RL=10k 1.5 3 kO 

TA=8S'C 6 kO 
TA= 125·C 9 kO 

aRoN a ON Resistance Between Any (Any Selected Channel) 75 Il 
2 Channels RL= 10k 

10FF(+) OFF Channel Leakage Current Vec=5V, VIN =5V, 
TA=25·C 10 200 nA 
TMIN to TMAX 1.0 ~A 

IOFFH OFF Channel Leakage Current Vec=5V, VIN=O, 
TA=25'C -2QO nA 

TMIN to TMAX -1.0 ~A 

CONTROL INPUTS 

VIN(l) Logical "1" Input Voltage Vee-1.5 V 

VIN(O! Logical "0" Input Voltage 1.5 V 

IIN(l! Logical "1" Input Current VIN =15V 1:0 ~A 
(The Control Inputs) 

IIN(O) Logical "0" Input Current VIN=O -1.0 ~ 
(The Control Inputs) -

Icc Supply Current fCLK = 640 kHz ·0.3 3.0 mA 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0816CJ - 4.5V';; Vee';; 5,5V, -55·C';; TA';; +125·C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN - 4.75V .;; Vee';; 5.25V, -40·C';; +85·C unless otherwise noted. 

Parameter Conditions Min. Typ. Max. 

DATA OUTPUTS AND EOC (INTERRUPT) 

'VOUT{I) Logical "1" Output Voltage 10=-360I'A, TA=85·C 
Vee- 0•4 

10 = -300I'A, TA = 125·C 

VOUT(O) Logical "0" Output Voltage 10=1.6mA 0.45 

VOUT(O) Logical "0" Oulpul Voltage EOC 10=1.2mA 0.45 

lOUT TRI·STATEI!l Oulput Current Vo=Vee 3.0 

Vo=O -3.0 

, 

Electrical Characteristics 
Timing Specifications: Vec= VREF(+)= 5V, V REF(-)= GND, Ir= If= 20 ns and TA = 25°C unless olherwise noted. 

Symbol Parameter Conditions 

tws Minimum Start Pulse Width (Figure 5) 

tWALE Minimum ALE Pulse Width (Figure 5) 

ts Minimum Address Set· Up Time (Figure 5) 

tH Minimum Address Hold Time (Figure 5) 

to Analog MUX Delay Time Rs = 00 (Figure 5) 
From ALE 

t H1 , tHO OE Control to Q Logic State C L = 50 pF, RL = 10k (Figure 8) 

t 1H, tOH OE Control to Hi·Z C L = 10 pF, RL = 10k (Figure 8) 

tc Conversion Time Ic=640 kHz, (Figure 5)(Note 7) 

tc Clock Frequency 

t Eoe EOC Delay Time (Figure 5) 

C IN Input Capacitance AtControl Inputs 

. COUT TRI·STAT~ Output At TRI·STATE Outputs. (Note 7) 
Capacitance 

Not.l: Absolut. maximum ratings are those values beyond which the life of the device may be Impaired. 
Nat. 2: All voltages are measured with respect to GNO, unless otherwise specified. 
Nat. 3: A zener diode exists, internally, from Vee to GNO and has a typical breakdown voltage of 7 Voe. 

Min 

90 

10 

o 

Typ 

100 

100 

25 

25 

1 

125 

125 

100 

640 

10 

10 

Max 

200 

200 

50 

50 

2.5. 

250 

250 

116 

1280 

8+2p.s 

15 

15 

Units 

V 

V 

V 

I'A 

I'A 

Units 

ns 

ns 

ns 

ns 

P.s 

ns 

ns 

P.s 

kHz 

Clock 
Periods 

pF 

pF 

Nat.4: Two on-chlp diodes are tied to each analog Input which will forward conduct for analog Input voltages one diode drop below ground or one diode drop 
greater than the Vee supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply 
voltage by more than 100 mV, the output code will be correc\. To achieve anabsoluteO Voe t05 Voe input voltage range will therefore require a minimum sup· 
ply vQltage of 4.900 Voe over temperature variations, Initial tolerance and loading. 
Nat.5: Total unadjusted error Includes offset, full·scale, and linearity errors. See Figure 3. None of these AIDs requires azero or full·scale adJus\. However, If 
an all zero code Is desired for an analog Input other than O.OV, or If a narrow full·scale span exists (for example: 0.5V to 4.5V full·scale) the reference voltages 
can be adjusted to achieve this. See Figura 13. 

Not.6: Comparator Input current Is a bias current Into or out of the chopper stabilized comparator. The bias current varies dlrectiy with clock frequency and 
has little temperature dependence (Figura 6). See paragraph 4.0. 
Not.7: The outputs of the data register are updated one clock cycle before the rl~lng edge of EOe .. 
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..... ,... 
Functional Description ex) 

0 Multiplexer: The device contains a, 16-channel single- Additional single-ended analog signals can be multl-(.) 
Q 

ended analog signal multiplexer. A particular' input chan- plexed to the AID converter by disabling all the multiplexer 
nel is selected by using the address decoder. Table I Inputs using the expansion control. The additional exter-« shows the input states for the address line and the expan- nal signals are connected to the comparator input and the 

cD slon control line to select any channel. The address is device ground. Additional signal conditioning (I.e.", 
latched into the decoder on the low-ta-high transition of prescaling, sample and hold, instrumentation amplifica-,... 
the address latch enable signal. tlon, etc.) may also be added between the analog input ex) 

0 signal and the comparator Input. 
(.) TABLE I 

Q 
SELECTED ADDRESS LINE EXPANSION CONVERTER CHAR~CTERISTICS 

« ANALOG CHANNEL D C B A CONTROL The Converter 
INO L L L L H 

The heart of this single chip data acquisition system is its 
IN1 L L L ,H H 8-bit analog-to-digital converter. The converter is designed 
IN2 L L H L H to give fast, accurate, and repeatable conversions over a 

IN3 L L H H H 
wide range of temperatures. The converter Is partitioned 
into 3 major sections: the 256R ladder network, the suc-

IN4 L H L L H cessive approximation register, and the comparator. The 

IN5 L H L H H converter's digital outputs are positive true. 

IN6 L H H L H The 256R ladder network approach (Figure 1) was chosen 

IN7 L H H H H 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 

INS H L L L H Monotonicity Is particularl¥ Important in closed loop feed-
INg H L L H H back control systems. A non-monotonic relationship can 

IN10 H L H L H 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 

IN11 H L H H H load variations on the reference voltage. 

IN12 H H L L H The bottom resistor and the top resistor of the ladder 

IN13 H H L ,H H network in Figure 1 are not the same value as the 
remainder of the network. The difference in these 

IN14 H' H H L H resistors causes the output characteristic to be sym-
IN15 H H H H H metrical with the zero and full-scale pOints of the transfer 

All Channels OFF X X X X L curve. The first output transition occurs whe(1 the analog 
signal has reached + 1/2 LSB and succeeding output 

x = don't care transitions occur every 1 LSB later up to full-scale. 

CONTROLS FROM S.A.R. 
I 

REFI+) 0---

lY,R 

~~ R . '---

· 
~. . 

.• -:J- TO 
• ~ COMPARATOR 

INPUT . 
· · · 256R · · · · · 

R · · 
· · 

R · · 
~I .... 

IIR _~--
~, 

REFHo--

FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The successive approximation register (SAR) performs 8 
iterations to approximate'the Input voltage. For any SAR 
type converter, n-iterations are required for an n-bit 
converter. Figure 2 shows a typical example of a 3-bit 
converter. In the ADC0816, ADC0817, the approximation 
technique is extended to 8 bits using the 256R network. 

The AID converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the failing edge of 
the start conversion pulse. A conversion in process will be 
Interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end-of-conversion (EOC) output to the SC input. If used in 
this mode, an external start conversion pulse should be 
applied after power up. End-of-conversion will go low be
tween 0 and 8 clock pulses after the rising edge of start 
conversion. 

111 

110 

~ 101 
Q 

~ 100 
~ ... 
!:; 011 
Q 

e 010 
'" 

i-FUll.SCAlE -" ERROR = 1I2LSB 

LU.-1/-8 -Z-/8-3/-8-4/-8 -5-/8-6-/8-7-/8- VIN 
VIN AS FRACTION OF FUll·SCALE 

FIGURE 2. 3-Bit AID Transfer Curve 

The most important section of the AID converter is the 
comparator. I! is this section which is responsible forthe 
ultimate accuracy of the entire converter. I! is also the 
comparator drift which has the greatest influence on the 
repeatability of the device. A chopper·stabilized com
parator provides the most effective method of satisfying 
all the converter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire AID converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-179. 

... 
Q 
Q .., ... 
~ 

I!: 
~ 
Q 

~ 

INFINITE RESOLUTION 
111 PERFECT CONVERTER 
110 I 

I 
101 _J 

100 L -llSB ABSOLUTE 
011 ACCURACY 
010 ~ -I/ZlSB QUANTIZATION 
001 ERROR 
000 IU.----------VIN 

0/8 1/8 Z/8 J/8 4/8 5/8 6/8 7/8 

VIN AS FRACTION OF FUlL·SCALE 
FIGURE 3. 3-Bit AID Absolute Accuracy Curve 

+I/Z lSB TOTAL UNADJUSTED ERROR.~ REFERENCE LINE 
---------------~-------------------------

, QUAN~~Z~~~{IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII111~lllli INPUT OV FULL· AL 
-1IZ LS:~~~:~~:~U;E_;E~R;;:J7 - ---- --------------------------

FIGURE 4. Typical Error Curve 
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Connection Diagram 

Timing Diagram 

CLOCK 

START 

ALE 

ADDRESS 

ANALOG 
INPUT 

MULTIPLEXER 
OUT 

OUTPUT 
ENABLE 

Eoe 

,---, 
50' 50. 

t--IW' 

50K J p 
--:-' t--IWALE-

I--~ 'TABLE ADDRESS 

50. 50' 

'S 'H 

~~f.-

X 
l"- 'D-

----tEoe 

Dual·ln·Llne Package 

IN3 

IN4 

INS 

IN6 

INi 

INB 

IN9 ADD C 

IN10 ADO 0 

INII ALE 

IN12 
10 

IN13 
II 

ADCOBI6. 
ADC081J 

12 
IN14 

13 
EOC 
IN15 14 

MULTIPLEXER 15 
OUT 

START 

2-5 

2-6 

2-7 

VCC 2-B LSB 

COMPARATOR IN REFH 

REF!+' CLOCK 
21 

GNO OUTPUT 
ENABLE 

TOP VIEW 

I 

I 

I 

STA~LE ------------~x~ ________ __ 

__ ---------------x~·---
_------------11 

J 
OUTPUTS ________________ ..!!'!:! .. ~E ___________________ _{ ... ______ .... }_ 

FIGURES 
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Typical Performance Characteristics 

1.5 .------,------,---,----" 

~ 0.5 I---+---j-d--j--,."""---l 

-' 

'" .., 
~ -0.5 i---::nI'''f-P-----I---+-----1 

-1 

-1.5 "----'-----'---'-----' 

1.25 2.5 

VIN (V) 

3.75 

FIGURE 6. Comparator liN vs VIN 

(VCC=VREF=5V) 

TRI·STATE® Test Circuits and Timing Diagrams 

Vee 

Vee 
OUTPUT 
ENABLE 

z 
o 

cr 
-' 
;3 
0: 
>... 

1.25 2.5 

VIN (V) 

3.75 

FIGURE 7. Multiplexer RON vs VIN 

(Vcc= V REF = 5V) 

GNO -~~~-----
OUTPUT 
ENABLE 

OUTPUT 
ENABLE 

tOH,' tHO 

vee vee 

10k 

el 

T 
":" 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

VOH 90% ~
1H 

GNO 
___ J~ 

tOH' C L = 10 pF tHo, C L = 50 pF 

vee 
90% 

50% 

GNO 

.~{ ~ Vee --

Val 10% 

FIGURES 
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Applications Information 
OPERATION 

1.0 . Ratlometrlc Conversion 

The ADC0816, ADC0817 Is designed as a complete Data 
Acquisition System (DAS) for ratiometrlc conversion 
systems. In ratiometrlc systems, the physical variable 
being measured Is expressed as a percentage of full-scale 
which is not necessarily related to an absolute standard. 
The voltage input to the ADC0816 is expressed by the 
equation 

V IN Dx 
V.s - Vz DMAX - DMIN 

VIN = Input voltage into the ADC0816 
V.s= Full-scale voltage 
Vz = Zero voltage 
Dx = Data point being measured 
DMAX = Maximum data limit 
DMIN = Minimum data limit 

(1) 

A good example of a ratiometric transducer is a poten· 
tiometer used as a position sensor. The position of the 
wiper is directly proportional t9 the output voltage which 
is a ratio of the full-scale voltage across it. Since the data 
is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0816, ADC0817 is that the input 
voltage range is equar to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figure.9). 

~ __ ---+----f----~ Inl5 

1----IlnO 

Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measurements must be referred 
to an absolute standard such.as voltage or current. This 
means a system reference must be used which relates 
the full-scale voltage to the standard volt. For example, if 
Vcc= VREF = 5.12V, then the full-scale range is divided In
to 256 standard steps. The smallest standard step is 1 
LSB which is then 20 mV. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( + ), should not be more positive 
than the supply, and the bottom of the ladder, Ref( -), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N-channel switches to P-channel switches. These limita
tions are automatically satisfied in ratiometric systems 
and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced" system with a 
separate supply and reference. In this system, the supply 
must be trimme~ to match the reference voltage. For in
stance, if a 5.12V reference is used, the supply should be 
adjusted to the same voltage within O.W. 

MSB 

DOUT 

DIGITAL 
OUTPUT 
PROPORTIONAL 
TO ANALOG 
INPUT 

REFH 

L-------t-------t---~~GND 
LSB QOUT= ~=~ 

vREF vee 
4.7SV sVCC=vREF"S.25V 

* Ratlometrlc transducers 
ADCOBI6.17 

FIGURE 9. Ratlometric Conversion System 
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Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if a capacitive bus is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 I'F output capacitor. 

1-------_� vcc 

I-----i REF(+) 

Inl5 

. 
InO 
REFI-J 

~-----"------~~~GND 

The top and bottom ladder voltages cannot exceed Vee 
and ground, respectively, but they can be symmetrically 
less than Vee and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(I.e., size of the LSB steps decreased) by using a sym· 
metrical reference system. In Figure 13, a 2.5V reference 
Is symmetricaily centered about Vecl2 since the same 
current flows in Identical resistors. This system with a 
2.5V reference allows the LSB to be half the size of the 
LSB in a 5V reference system. 

DIGITAL 
OUTPUT 
REFERENCED 
TO 
GROUND 

VIN 
QOUT= vREF 

4.7SV sVee = VREFSS.2SV 

ADC0816.17 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 

>--~~-IVcc 

1----.. ------------------"'" REF(» 
Inl5 

InO 
REF(-) 

~------------~~_IGND 

AOC0816.17 

FIGURE 11. Ground Referenced Conversion System with 
Reference Generating V cc Supply 
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Applications Information (Continued) , 

10-15VDC 

Ik 

1000 pF 

LM3298 VCC 

~-4"""-"REF(+) 

REFH 

FIGURE 12. Typical ReferenCe and Supply Circuit 

2.5V 
REFERENCE 

RA 

R8 

SV 

3.7SV 

1.2SV 

-= 

Vec 

REF!+) 

Inl5 

.0 

InO 

REF(-) 

GNO 

DOUT 
OIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.2SV::; VIN:> 3.7SV 

RA=RB 
• Ratlometric transducers 

FIGURE 13. Symmetrically Centered Reference 

3.0 Converter Equations 

The transition between adjacent codes Nand N + 1 is 
given by: 

VIN={ (V REF(+)- VREF(-)~~6 + 5~2J± VTUEJ+ VRE¢(-) (2) 

The center of an output code N is given by: 

VIN={ (VREF(+)- VREF(-) [2~J ± VTUE} + VREF(-) (3) 

The output code N for an arbitrary Input are the Integers 
within the range: 

N= VIN-VREFH x 256 ±AbsoluteAccuracy (4) 
VREF(+) - VREF(':) 

where: VIN = Voltage at comparator input 
VREF(+)= Voltage at Ref( +) 
VREF(-)= Voltage at Ref(-) 
V TUE = Total unadjusted error voltage (typically 

VREF(+)+512) 
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Applications Information (Continued) 

4.0 Analog Comparator Inputs 

The dynamic comparator Input current Is caused by the 
periodic switching of on·chlp stray capacitances. These 
are connected alternately to the output of the resistor lad· 
der/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

If no filter capaCitors are used at the analog or comparator 
inputs and the signal source impedances are low, the 
comparator input current should not Introduce converter 
errors, as the transient created by the capaCitance 
discharge will d!e out before the comparator output is 
strobed. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It will then take on 
the characteristics of a DC bias current whose effect 
can be predicted conventionally. See AN-258 for further 

The average value of the comparator Input current varies 
directly with clock frequency and with \lIN as shown In 
F/gure6. 

discussion. ' 
Typical Application 

READ----r-~}o ________________________ ~ 

ADDRESS 
DECODE 

(AD4-ADI5'* 

WRITE ---""-_ 

ADC0816 
ADCOBI1 

COMMON OUT 

COMPARATOR 
IN 

• 
• 
• 
INO 

1--""---'" INTERRUPT 

Msa 

Lsa 

'" "J 0-5V 
ANALOG 
INPUT RANGE 

VIN I 

• Address latches needed for 80B5 and SCIMP interfacing the ADCOBI6, 17 to a microprocessor 

Microprocessor Interface Table 

PROCESSOR READ WRITE INTERRUPT (COMMENl) 

8080 MEMR MEMW INTR (Thru RST Circuit) 

8085 RD WR INTR (Thru RST Circuit) 

Z-80 ,RD WR INT (Thru RST Circuit, Mode 0) 

SC/MP NRDS NWDS SA (Thru Sense A) 

6800 VMA·",2·R/W VMA·"'2·R/W IROA or IROB (Thru PIA) 

Ordering Information 

TEMPERATURE RANGE -4Q°Cto +85°C -55°C 10 +125°C 

Error ~ :I: 112 Bit Unadjusted ADC0816CCN ADC0816CCJ ADC0816CJ 

:I: 1, Bit Unadjusted ADC0817CCN 

Package Outline N40A Molded DIP J40A Hermetic DIP J40A Hermetic DIP 
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~ to D, D·toA 

ADC0833 8-Bit Serial 1/0 AID Converter 
with 4-Channel Multiplexer 

General Description 
The ADC0833 series is an 8-blt successive approximation 
A/D converter with a serial 110 and conflgurable Input 
multiplexer with 4 channels. The serial 110 is configured 
to comply with the NSC MICROWIRETM serial data 
exchange standard for easy Interface to the COPSTM'fam
I!y of processors, and can Interface wi.th 'standard shift 
registers or "Ps. 

The 4-channel multiplexer Is software configured for 
single ended or differential inputs and channel assigned 
by a 4-blt serial word at the serial 110 .. 

The differential analog voltage input allows increasing the 
common·mode rejection and offsetting the analog zero in· 
put voltage value. In addition,. the voltage reference Input 
can be adjusted to allow encoding any smaller analog 
voltage span to the full 8-blts of resolution, 

Features 
,. NSC MICROWIRE compatible-direct interface to 

COPS family processors . 
• Easy Interface to 8048, 8049 or 8050 

Typical Application 
5VOC 

;d POSITION 1 

5VOC ~ 

~ POSITION 2 ":' 

~ &VOC 

COPS ™ 81')d MICROWIAE ™ are trademarks of National Semiconductor Corp. 

• Works with 2.5V (LM336) voltage reference 
• No full-scale or zero adjust required 
• Differential analog voltage inputs 
• 4-channel analog multiplexer 
• Shunt regulator allows operatlo'n with high voltage 

supplies 
• OV to 5V Input range with single 5V power supply 
• Remote operation with serial digital data link 
• T2L/MOS input/output compatible 
• 0.3" standaro width 14-pln DIP package 

Key Specifications 
• Resolution 
• Total Unadjusted Error 
• SingleSupply 

• LowPower 
• Conversion Time 
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ADC0133 
SERIAL 

AID 

5VDC 

MICRDWIRE 

BITSTREAM 

VREFI2 

8-Blts 
± 1/2LSBand ±1 LSB 

5Voc 
15mW 

80"s 

COPS 
CPU 



Absolute Maximum Ratings (Notes 1 and 2) 

Current into V + (Note 5) 

Supply Voltage, Vec!Note5) 
Voltage 

10mA 

6.5V 

logic Inputs - 0.3V to + 1BV. 
Analog Inputs - 0.3V to Vee + 0.3V 

Storage Temperature - 65·C to + 150·C 

Package Dissipation atT A = 25·C (Board Mount) O.BW 
lead Temperature (Soldering, 10 seconds) 300·C 

Operating Ratings (Notes 1 and 2) 

Supply Voltage, Vee 
Temperature Range 

ADCOB33BD, ADCOB33CD 
ADCOB33BCD, ADCOB33CCD 
ADCOB33BCN, ADCOB33CCN 

4.5Voet06.3Voe 

TMINSTASTMAX 
- 55 DCsTAs125 DC 
-40°CsTAsB5·C 

0·CsTAs70·C 

Converter and Multiplexer Electrical Characteristics 
The following specifications apply for Vee = V + = 5V, TMINSTAsTMAX.and feLK = 100 kHz unless otherwise specified. 

Parameter Conditions Min Typ Max 

Total Unadjusted Error: 
ADC0833B VREF/2 Forced to 2.500 Voe ± 112 
ADC0833C VREF/2 Forced to 2.500 Voe ±1 

Reference Input Resistance 9 
(Thevinin Equivalent) 

Common-Mode All MUX Inputs and COM GND-0.05 Vee + 0.05 
Input Range (Note 4) Input 

DC Common-Mode Differential Mode ± 1/16 
Error 

Power Supply Sensitivity Vee=5V±5% ± 1/16 

IOFF' Off Channel On Channel = 5V -1 
leakage Current Off Channels = OV 
(Note 3) TA = 25°C -50 

On Channel = OV 1 
Off Channels = 5V 
TA=25·C 50 

ION, On Channel On Channel = OV -1 
leakage Current Off Channels = 5V 
(Note 3) TA=25·C -200 

On Channel = 5V 1 
Off Channel = OV 
TA=25·C 200 

AC Electrical Characteristics 
The following specifications apply for Vec =5V, tr = tf = 20 ns and TA= 25·C unless otherwise specified. 

Parameter 

feLK' Clock Frequency 

Ciock Duty Cycle 

Te, Conversion time 

tSETUP, SE or CS Falling Edge 
or Data Input Valid to ClK 
Rising Edge 

tHOLD, Data Input Valid after 
ClK Rising Edge 

Conditions 

Not including MUX 
Addressing Time 

8-83 

Min 

10 

40 

Typ 

200 

200 

Max 

200 

60 

8 

Units 

lSB 
lSB 

kO 

V 

lSB 

lSB 

p.A 

nA 

p.A 

nA 

p.A 

nA 

pA 

nA 

Units 

kHz 

% 

1/fCLI( 

ns 

ns 
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AC Electrical Characteristics (Continued) 

The following specifications apply for Vce= 5V, tr = tf = 20 ns and TA·= 25°C unless otherwise specified. 

Parameter 

t pd1, tpdO-CLK 
Failing Edge to Output 

Data Valid (Note 6) 

t 1H, toH-Rislng Edge of CS to 

Data Output and sARs H.I-Z ' 

CIN, Capacitance of Logic 
Inputs 

COUT, Capacitance of Logic 

Outputs 

Conditions 

CL=100pF 

Data MsB First 

Data LsB First 

CL= 10 pF, RL= 10k 

(See TRI-sTATE'" 

Test Circuits) 

DC Electrical Characteristics 

Min Typ 

650 

250 

125 

5 

5 

The following specifications apply for Vee = 5V and T MIN sTAsT MAX unless otherwise specified. 

Parameter Conditions Min 

V IN(1) Logical "1" Input Voltage Vec =5.25V 2.0 

VIN(O), Logical "0" Input Voltage Vce=4.75V 

IIN(1), Logical "1" Input Current VIN=Vee 

IIN(O) Logical "0" Input Current VIN=OV -1 

VOUT(1), Logical "1" Output Voltage 10UT= -360/LA, Vee=4.75V 2.4 

10UT= -1D"A, Vcc= 4.75V 4.5 

VOUT(O), Logical "0" Output Voltage IOUT=1,6 mA, Vec=4.75V 

10UT,TRI-sTATE Output Current VOUT=0.4V 

(DO,sARs) VouT =5V 

ISOURCE VouTshort to GND, TA= 25°C 

ISINK VOUT Short to Vee, TA= 25°C 

Icc, Supply Current (Note 5) V REF/2 Open Circuit 

1+, Current into V + (Note 5) 

Nole 1: Absolule Maximum Rallngs are Ihose values beyond which Ihe life of Ihe device may be Impaired. 
Nole 2: All vollages are measured with respecl to ground. 
Note 3: Leakage current Is measured with the clock not switching. 

Typ 

0.005 

-0,005 

0.1 

0.1 

14 

16 

3.0 

Max 

Max 

15 

0.8 

1 

0.4 

100 

3 

10 

Units 

ns 

ns 

ns 

pF 

pF 

. Units 

V 

V 

/LA 

/LA 

V 

V 

V 

/LADe 

/LADe 

mA 

mA 

mA 

mA 

Note 4: For VIN( - ) '" VIN( +) the digital output code will be 0000 0000. Two on·chlp diodes are tied 10 each analog Inpul(see Block Diagram) which will forward 
conduct for analog Inpul vollages one diode drop below ground or one diode drop greater Ihan Ihe Vee supply. Be careful, during testing at low Vee levels 
(4.5V), as high level analog Inpuls (5V) can cause this Input diode to conduct-especially atelevaled temperatures, and cause errors for analog inputs near full· 
scale. The spec allows 50 mV forward bias of either diode. This means thai as long as the analog VIN does not exceed the supply voltage by more than 50 mY, 
the output code will be correct. To achieve an absolute 0 VOC to 5 VOC Input voltage range will therefore require a minimum supply voltage of 4.950 Voe over 
lemperalure variations, Inltlallolerance and loading,. 
Note 5: An Inlernal zener diode exists from Vee 10 GND on the V + and Vee inputs. The breakdown of Ihese zeners Is approxlmalely 7V, The V + zener is in· 
tended to operale as a shunt regulalor and connects 10 the Vee via a diode. When using this regulator to powerlhe AID, this diode guarantees Ihe Vee Inpul to 
be operaling below the zener voltage (7V - 0.6V), Ills recommended Ihat a series resistor be used to limit the maximum current Into the V + inpul. 
Note 6: Since data, MSB first, Is the output of the comparator used In the successive approximation loop, an additional delay is buill in (see Block Olagram) to 
allow for comparator response time. 

TRI·STATE'·' IS a registered trademark of National Semlconduc1or Corp. 
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Timing Diagrams 

Data Input Timing 

ClK 

DATA 
DUTfDD) 

Data Output Timing 

'SET-UP 

TRI·STATE Test Circuits and Waveforms 

VCC 

1-.... --..... -0 ~~~~UT 

10k 

VCC vcc 

Leakage Current Test Circuit 

5V 

CHANNEL 
VOLTAGE 
SELECT 

GND~.O% 'IH 

DO AND VDH 90% 

SARS OUTPUTS 
GND , 

1,=20 ns 

tOH. CL =10 pF 

GND 

. ~OK vcc --
DO AND . 

SARS OUTPUTS 10% 
VOL 

1,=20 ns 

ADC0833 

CH A (ON CHANNEL) 

... ----1:::) :~~NNElS L_________ CH 0 
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CLOCK 
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CARE 

,;1 SAR STATUS 
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TRI· 
STATE 
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1 
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MUX Addressing differentially with any other channel. In addition to select-
ing differential mode the sign may also be selected. Chan-

The 4·channel multiplexer is software configurable as nel 0 may be selected as the positive input and channel 1 
single ended or differential inputs. The configuration and as the negative input or vice versa. 
channel assignment of the multiplexer is accomplished Data is always shifted in on the rising clock edge and 
with a 4·bit serial input word which must be preceded by a shifted out on the falling clock edge. 
leading· "1" or start bit (leading zeros are ignored). 

If CS goes high, the conversion is stopped and alll'nternal 
Differential ,inputs are restricted to adjacent channel , circuitry is reset. If another conversion is desired, CS 
pairs. For example channel 0 and channel 1 may be must make a high-to-Iow transition followed by address 
selected as a differential pair. Channel 0 or 1 cannot act information. 

TABLE I. MUX ADDRESSING 

Single-Ended MUX Mode 

Address Channel # 
SGU ODDI SELECT 
DIF SIGN 1 0 0 1 2 3 

1 0 0 1 + 
1 0 1 1 + 
1 1 0 1 + 
1 1 1 1 + 

COM is Internally tied to A GND 

Differential MUX Mode 

Address Channel # 
SGU 0001 SELECT 
OIF §iGiii 1 0 0 1 2 3 

0 0 0 1 + -
0 0 1 1 + -
0 1 0 1 - + 
0 1 1 1 - + 

Connection Diagram Oual-In-Line Package 

v+...!. U r!!- vcc 

&52. 13 
!'-DI 

3 ' 12 
CHO- ~CLK 

4 11 
CH1- ADCOB33 ~SARS 

CH2....! 
10 
~DD 

& ~VREFI2 CH3-

) ~AGND , DGND-

Ordering Information TOr VIEW 

Temperature 
Total 

Part Number Unadjusted 
Range Error 

ADC0833BCD - 40·C to + SS·C 

ADC0833BCN O·C to + 70·C ±1/2 LSB 

ADC0833BD - 55·C to + 125·C 
ADC0833CCD - 40·C to + 85·C 
ADC0833CCN O·C to + 70·C ±1 LSB 
ADC0833CD -55·Cto +125·C 
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~National . 
~ Semiconductor 

» 
A to D, D toA C 

PRELIMINARY 51 
§ .. 

ADC1001, ADC102110·Bit jtP Compatible AID Converters 

General Description 
The ADC1001 and ADC1021 are CMOS, 10-bit successive 
approximation AID converters. The 20·pin ADC1001 is pin 
compatible with the ADC0801 8-blt AID family. The 10·blt 
data word is read In two 8·blt bytes, formatted left justified 
and high byte first. The six least significant bits of the sec
ond byte are set to zero, as is proper for a 16-bit word. 

The 24-pin ADC1021 outputs 10 bits in parallel and is in
tended for Interface to a 16·bit data bus. 

A differential analog voltage input allows increasing the 
common· mode rejection and offsetting the analog zero in
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog 
voltage span to the full 10 bits of resolution. 

Features 
• ADC1001 Is pin compatible with ADC0801 series 8-bit 

AID 
• Compatible with NSC800 and 8080 I'P derivatives - no 

Interfacing logic needed - access time 170 ns 

Typical Application 

• Easily interfaced to 6800 I'P derivatives with minimal 
external logic 

• Differential analog voltage inputs 
• Logic inputs and outputs meet both MOS and T2L 

voltage level specifications 

• Works with 2_5V (LM336) voltage reference 
• On-chip clock generator 
• OV to 5V analog input voltage range with single 5V 

supply 

• Operates ratiometrically or with 5 Voc, 2.5 Voc, or 
analog span adjusted voltage reference 

• 0.3" standard width 20-pln DIP package or 24 pins with 
10·bit parallel output 

Key Specifications 
• Resolution 
• Linearity error 
• Conversion time 

10bits 
± 112 LSB and ± 1 LSB 

2001's 

TRANSDUCER 

10-81T RESOLUTION 
OVER ANY DESIRED 
ANALOG INPUT 
VOLTAGE RANGE 
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Absolute Ma~imum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Voltage (V cc)(Note 3) 6.5V 
Logic Control Inputs - 0.3V to + 18V 
Voltage at Other Inputs and Outputs - 0.3V to (V CC + 0.3Y) 
Storage Temperature Range - 65·C to + 150·C 
Package Dissipation at TA = 25·C 875 mW 
Lead Temperature (Soldering, 10 seconds) 300·C 

Converter Characteristics 

Tel)"lperature Range 
ADC1001 BD, ADC1001CD 
ADC1021BD, ADC1021CD 
ADC1001 BCD, ADC1001 CCD 
ADC1021BCD, ADC1021CCD 
ADC1001BCN, ADC1001CCN 
ADC1021BCN, ADC1021CCN 

Range of Vcc 

TMIN:s TA:s TMAX 
- 55·C :S TA oS + 125·C 

4.5Voc t06.3VoC 

CoriverterSpeclflcatlons: Vcc=5 Voc, VREF2 =2.500 Voc, TMIN oS TA oS TMAX and fClK =410 kHz unless otherwise specified. 

Parameter 

ADC1001B, ADC1021B: " 
Linearity Error 
Zero Error 
Full-Scale Error 

ADC1001C, ADC1021C: 
Linearity Error 
Zero Error 
Full-Scale Error 

VREF/2 Input Resistance 

Analog Input Voltage Range 

DC Common-Mode Error 

Power Supply Sensitivity 

Conditions. 

Input Resistance at Pin 9 

(Note 4) V( +) orV( -) 

Over Analog Input Voltage Range 

Vcc= 5 Voc ± 5% Over 
Allowed VIN( +) and VIN( -) 
Voltage Range (Note 4) 

AC Electrical Characteristics 
I 

Min 

3.2 

GND-0.05 

Timing Specifications: Vcc = 5 Voc and T A = 25·C.unless otherwise specified. 

Parameter Conditions 

Te Conversion Time (Note 5) 
fClK=410 kHz 

fClK Clock Frequency (Note 8) 

Clock Duty Cycle 

CR Conversion Rate In Free·Running INTR tied to WR with 
Mode Cs =0 Voc, fClK=410 kHz 

tW(WR)l Width of WR Input (Start Pulse Cs = 0 VOC (Note 6) 
Width) 

tACC Access Time (De~y from Cl= 100 pF 
Failing Edge of RD to Output 
Data Valid) 

t1H, tOH TRI·STATE'" Control (Delay Cl = 10 pF, Rl= 10k 
from Rising Edge of AD to (See TRI·STATE Test 
Hi-ZState) Circuits) 

tWI> tRI Delay from Falling Edge 
of WR or AD to Reset of I NTR 

t1rs INTR to 1st Read Set-Up Time 

CIN Input Capacitance of Logic 
Control Inputs 

COUT TRI-STATE Output 
Capacitance (Data Buffers) 

TRI-STATes Is a registered tradem8:rk of National Semiconductor Corp. 
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.Typ 

5.2 

± 1/8 

± 1/8 

Min 

82 
200 

100 

40 

150 

550 

Typ 

170 

125 

300 

400 

5 

5 

Max 

± 1/2 
±1 
±1 

±1 
±2 
±2 

Vcc+0.05 

Max 

89 
217 

1260 

60 

4600 

300 

200 

450 

7.5 

7.5 

Units 

LSB 
LSB 
LSB 

LSB 
LSB 
LSB 

kll 

Voc 

LSB 

LSB 

Units 

1/fclK 
P.s 

kHz 

% 

convls 

ns 

ns 

ns 

ns 

ns 

pF 

pF 



DC Electrical Characteristics 

The following specifications apply for Vcc = 5 Vec and'T MIN :5 TA :5 TMAX, unless otherwise specified. 

Parameter I Conditions I Min I Typ I Max I Units 

CONTROL INPUTS [Note: ClK IN is the Input of a Schmitt trigger circuit and is therefore specified separately) 

VIN (1) logical "1" Input Voltage Vcc =5.25 Vec 2.0 15 Voc 
(Except ClK IN) 

VIN(O) logical "O".lnput Voltage Vcc =4.75Voc 0.8 Voc 
(Except ClK IN) 

liN (1) logical "1" Input Current VIN =5Voc 0.005 1 p.Aec 
(All Inputs) 

liN (0) logical "0" Input Current VIN=O Voc -1 -0.005 p.Aoc 
(All Inputs) 

CLOCK IN 

VT+ ClK IN Positive GOing 2.7 3.1 3.5 Voc 
Threshold Voltage 

VT- ClK IN Negative Going 1.5 1.8 2.1 Voc 
Threshold Voltage 

V H ClK IN Hysteresis 0.6 1.3 2.0 Voc 
(VT+)-(VT-) 

OUTPUTS AND INTR 

VOUT(O) logical "0" Output Voltage 10UT= 1.6 mA, Vcc = 4.75 Voc 0.4 Voc 

VouT(1) logical "1" Output Voltage 10 = - 360 I'A, Vcc = 4.75 Voc 2.4 Voc 
10= -10I'A, Vcc =4.75Voc 4.5 Voc 

lOUT TRI·STATE Disabled Output VOUT = 0.4 Voc 0.1 -100 p.Aoc 
leakage (All Data Buffers) VouT =5 Voc 0.1 3 P.A09 

ISOURCE VouTShort to GND, TA=25°C 4.5 6 mAoc 

ISINK VOUT Short to Vcc, TA = 25°C 9.0 16 mAoc 

POWER SUPPLY 

Icc 
- Supply Current (Includes fClK =410 kHz, 

ladder Current) VREF/2=NC, TA=25°C 

and Cs =1 1.5 2.5 mA 

NOle 1: Absolule Maximum Ratings are Ihose values beyond which Ihe life of Ihe device may be Impaired. 
Nole 2: All vollages are measured wilh respecllo GNO, unless olherwise specified. The separale A GNe point should always be wired 10 Ihe 0 GNO. 
NOle 3: A zener diode exlsls, Inlernally, from VCC 10 GNO and has a typical breakdown vollage of 7 Vec. 
Nole 4: For VIN( - ) '" VIN( +) Ihe dlgllal oulpul code will be all zeros. Two on·chlp diodes are lied loeach analog Input (see Block Oiagram) which will forward 
conduct for analog Inpul voltages one diode drop below ground or one diode drop grealer Ihan Ihe VCC supply. Be careful, during lesllng allow VCC levels 
(4.5V), as high level analog inpuls (5V) can cause Ihls Inpul diode 10 conducl-especially alelevaled lemperalures, and cause errors for analog inpuls near full· 
scale. The spec allows 50 mV forward bias of either diode. This means Ihal as long as Ihe analog VIN does nol exceed Ihe supply voltage by morelhan 50 mY, 
Ihe oulpul code will be correct. To aChieve an absolule 0 Vec 10 S Vec input voltage range will therefore require a minimum supply vollage of 4.950 VOC over 
temperature variations, initial tolerance and loading. 

Note 5: With an asynchronous start pulse, up to 8 clock periods may be required before the Internal clock phases are proper to start the conversion process. 
The start request Is internally latched, see Figure 1. 

Nole 6: The Cs Inpulls assumed to bracket the WR strobe input and therefore timing Is dependent on the WR p~se width. An arbitrarily wide pulse width will 
hold the converter In a reset mode and the starl 01 conversion is Initialed by Ihe low 10 high Iransitlon of the WR pulse (see Timing Oiagrams). 
Nole 7: All typical values are for TA = 2S'C, , 
Nole 8: Accuracy is guaranleed al IClK = 410 kHz. At higher clock frequencies accuracy can degrade. 
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Typical Performance Characteristics 
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Timing Diagrams 

START 
CONVERSION 

--"""'\\'--_~I_' _--II 

ACTUAL INTERNAL 
STATUS OF THE 

CONVERTER 

, 
'WI-

, -

(LAST DATA WAS READI 

~S!.!A!! W~ N2o! R~Dl.. __ .. / 

IIIi 1ST RU-

IIRS 

r.-1 
f-

'WIWRIL I-- "BUSY" 

"NOT BUSY" 

r--1T08xllfCLli - -INTERNAL TC 

Output Enable and Reset INTR 

2ND RD \\. ___ ..tl 

DATA IS VALID IN 
OUTPUT LATCHES 

INT ASSERTED 

- _lIZTCLK 

DATA 
OUTPUTS·-- - ------

TRI-5TATE'" J\. __ LS_..J)- __ 
---- - -- -, BYTE _ 

IACC 

"The 24-pln AOC1021 oulputs all 10 bits on each RD. 

NOle: All timing is measured from the 50% Yoltage pOints. 

BYTE SEQUENCING FOR THE 2().PIN ADC1001 

Byte 8-Blt Data Bus Connection 

Order DB7 DBS DBS DB4 DB3 DB2 DB1 DBD 

MSB 
1st Bit 9 Bit8 Blt7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 

LSB 
2nd Bit 1 SitO 0 0 0 0 0 0 
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Functional Description 

The ADC100l, ADC1021 are mechanized using an ad
vanced potentiometric resistive ladder network. The 
analog inputs, as well as the taps of this ladder network, 
are switched into a weighted capacitor array. The output 
of this capacitor array is the input to a sampled data como' 
parator. This comparator allows the successive approxi· 
mation logic to match the analog difference input voltage 
[V,N( + )-V,N( -» to taps on the R network. The most signifi
cant bit is tested first and after 10 comparisons (80 clock 
cycles) a digitall0-bit binary code (all "l"s = full-scale) is 
transferred to an output latch and then an interruPt is 
asserted (INTR makes a high·ta-Iow transition). The device 
may be operated in the free-running mode by connecting 
INTR to the WR input with Cs = O. To insure start-up 
under all possible conditions, an external WR pulse is re
quired during the first power·up cycle. A conversion in 
process can be interrupted' by, iss'uing a second start 
command. 

On the high-to·low transition of the WR input the internal 
SAR latches and the shift register stages are reset. As 
long as the Cs Input and WR input remain low, the AID will 
remain in a reset state. Conversion will start from 1 to 8 
clock periods after at least one of these inputs makes a 
low-to·high transition. 

A functional diagram of the AID converter is shown in 
Figure 1. All of the inputs and outputs are shown ,and the 
major logic control paths are drawn in heavier weight 
lines. 

The converter is started by having Cs and WR 
simultaneously low. This sets the start flip-flop (F/F) and 
the resulting "1" level resets the 8-bit shift register, resets 
the Interrupt (INTR) F/F and inputs a "1" to the D flop, F/F1, 
which is at the Input Elnd of the 10·bit shift register. Internal 
clock signals then transfer this "1" to the Q output of F/F1. 
The AND gate, Gl, combines this "1" output with a clock 
signal to provide a reset signal to the start F/F. If the set 
Signal is no longer present (either WR or Cs is a "1") the 
start F/F is reset and the 10-bit shift register then can have' 
the "1" clocked in, which allows the conversion process to 

5V VIN - YiN(+1 

ADCtOO1, ADCt021 

1.0M 
10k )o<I1--~Y.,.,.-... --I V'N(-I 

• 

-5V 

~ 
~ 100 

''* NOTE: V,N( - I should be biased so 
that V,N( - I'" - O.05V when potentiometer 
wiper is set at most negative 
voltage position, 

FIGURE 2. Zero Adjust Circuit 
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continue. If the set signal were to still be present, this 
reset pulse would have no effect and the 10-bit shift 
register would continue to be held in the reset mode. This 
logic therefore allows for wide Cs' and WR signals and 
the converter will start after at least one of these signals 
returns high and the internal clocks again provide a reset 
signal for the start F/F. 

After the "1" is clocked through the 10·bit shift register 
(which completes the SAR search) it causes the new digit
al word to transfer to the TRI·STATE output latches. When 
this XFER signal makes a high·to·low transition the one 
shot fires, setting the INTR F/F. An inverting buffer then 
supplies the INTR output Signal. 

Note that this SET control of the INTR F/F remains low for 
approximately 400 ns. If the data output is continuously 
enabled (Cs and AD both held low), the INTR output will 
still signal the end of conversion (by a high·to-Iow transi· 
tion), because the SET input can control the Q outp,ut of 

, the INTR F/F even though the RESET input is constantly at 
a "1" level. This INTR output will therefore stay low for the 
duration of the SET signal. 

When data is to be read, the combination of both CS and 
AD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled. 

Zero and Full·Scale Adjustment 

Zero error can be adjusted as shown in Figure 2. V,N( +) is 
forced to + 2.5 mV (+ 1/2 LSB) and the potentiometer Is 
adjusted until the digital output code changes from 00 
00000000 to 00 0000 0001. 

Full-scale is adjusted as shown in FigureS, with the VREP2 
input. With V,N( +) forced to the desired full-scale voltage 
less 1112 LSBs (VFS -1 1/2 LSBs), VREF/2 is adjusted until 
the digital output code changes from 11 11111110 to 11 
11111111. 

(Vee) 5V 
) , 

~lk ADC1001, ADCt021 

.. 
VREF/2 

10k 
r 

;: LM336 

_ ... 

FIGURE 3: Full·Scale Adjust 



Connection Diagrams 
ADC1001 (for an 8·bit data bus) 

Dual.ln·LI~e Package 
ADC1021 (for all10·blt outputs In parallel) 

Dual·ln·Line Package 

fS 
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TOPVIEW 

Block Diagram 
'TRI-STATE~ output buffers which output 0 during !ill. 

!:o--------------or-~}-___ S~E~T ______ :f~~~------------------------~~~~ "", RESET 

~ CLK ~==-::-., 
ClK IN GEN eLKS .. 1....;.;ST.;.;AR;;.T...;F.;.;/F-..J1 

INPUT PROTECTION 
FOR ALL LOGIC INPUTS 

INPUT F TO INTERNAL 
CIRCUITS 

BV"JoV 

CLK B 

D 

F/F I 

Q ~~S RESET 

'-'-- CLK OSC 

1; J;GND ...-_____ .... -------------..... -CL-l-B-t 

lADDER 
AND 

DECODER 

SAR 
LATCH 

INOTE 2) 

START CONVERSION 
IF RESET' "0" 

10·BIT l/' 
Ri~II:JER R ~ 

I INTR F/F I 

r-<~--t-----~ - -

VINI+) 

" '"] 
~ ~ ~ ~ +.~- • -> r~~~:;-::~"}...;X~FE:!!..R J ~ I 

/" BYTE SEQUENCER AND ~ 
TRI·STATE@ 

OUTPUTlATCHES I+-
~ ~ ~ ~ MSB.'--....;.... ___ -~:!! LSB ~tl~J 

ADCIOOI20.f'IN W--

-I 1-40001 ADCI02124·PIN 

. CS INOTE II ~::::::::::::::~[==),I--------------;:::::;;;:;;:::::;.::;;'.-.---------;--------"iiE:m .. liDO __ TRI.STATE@CONTROL RESET 

Not. 1: CS shown twice for clarity. "I'" OUTPUT ENABLE 

Not. 2: SAR = Successive Approximation Register. FIGURE 1 
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Ordering Informatipn 
Temperature Range O·Cto +70·C - 40·C to + 8S·C - SS·C to + 12S·C 

E I ± 1/2 LSB Adjusted AOC1001BCN ADC1021BCN ADC1001BCO ADC1021 BCD ADC1001BO AOC1021BD 
rror :!: 1 LSB Adjusted AOC1001CCN AOC1021CCN ADC1001CCD ADC1021CCD ADC1001CD ADC1021CD 

Package Outline· N20A N24A D20A D24C D20A D24C 

. 

, 
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~National . 
~ Semiconductor 

A to D, D to A 
PRELIMINARY 

ADC1080, ADC1280 12·Bit Successive Approximation 
AID Converters 

General Description Features 
The ADC1080 and ADC1280 are complete successive ap
proximation analog-to-dlgltal converters that include an 
internal clock, reference and comparator. 

• Completely self-contained with Internal reference, 
clock, and comparator 

• High reliability exact replacement for ADC80 
• ± 1/2 LSB linearity for ADC1280 The design of the ADC1080 and ADC1280 Includes scaling 

resistors that provide analog signal ranges of ± 2.5V, 
:I: 5.0V, :I: 10V, OV to 5V, or OV to 10V. The 6.2V precision 
reference may be used for external applications. All digital 
signals are fully TTL compatible; output data may be read 
In both serial and parallel form. 

• Input voltage ranges of :I: 2.5V, :I: 5V, ± 10V, OV to 5V, 
and OV to 10V 

• 6.2V reference available for external use at 1.5 mA 
Ii Conversion speed-22 P.s 

The ADC1280 has a maximum linearity of 0.012% of FSR 
and the ADC1080 has a maximum linearity of 0.048% of 
FSR. Both grades are specified for use over the - 25°C to 
+85"C temperature range and both are available In a 
32-pln DIP. 

• Short cycle and external clock options for faster conver
sion time 

Block Diagram 

SHORT CLOCK EXTERNAL DIGITAL 
GND Vee CLOCK STATUS CYCLE INHIBIT CLOCK IN 

l 
I Z3 22 21 20 " 
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COMPARATOR 
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RA:a~ 14o----..:::.~""" ..... 'VV ...... ~ 
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Vbo 
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GND 

! ! 
17 25 

Vs -Vs " REfERENCE 
OUT 

1. CONVERT 
START 

-0. 1m 
-08 Msa 

-0' 
-0. 
-0, 
-0, 
-0, 
-032 
-031 
-030 
-029 
-028 
-021 

16 GAIN ADJUST 
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COMPARATOR 
IN 

BIPOLAR 
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Connection Diagram 

Dual-ln-L1ne Package 
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CYCLE 
CLOCK 
INHIBIT 
EXTERNAL 
CLOCK IN 
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START 
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Absolute, Maximum Ratings 
. -55°Cto +100°C Supply Voltage (V + andV-) , ±18V Operating Temperature Range 

Logic Supply Voltage 7V Storage Temperature Range - -65°Cto +150°C 
Reference Input Voltage (VREF) OV,18V Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical' Characteristics 
TA= -25°C to + 85°C, Vs= ±11.4Vto ±16.00V, Vee = 4.75V to 5.25V unless otherwise noted. 

ADC1280 ADC1080 
Parameter Conditions Typ 

Max Min 
Typ 

Max 
Units 

Min (Note 1) (Note 1) 

CONVERTER CHARACTERISTICS 

Resolution 12 10 Bits 

linearity Error TA=25°C ±0.012 ±0.048 % FSR 
(Note 3) 

Linearity Error Tempeo ±3 ±3 ppm of 
FSRloC 

Differential Linearity ±1/2 ±1/2 LSB 
Error 

No Missing Codes (Note 2) 12 10 Bits 

Full·Scale (Gain) Error TA=25°C (Note 4) ±0.1 ±0.1 % FSR 

Zero·Scale (Offset) TA= 25°C IUnipolar ±0.05 ±0.05 
%FSR 

Error (Note 4) I Bipolar ±0.1 ±0.1 

Full·Scale (Gain) ±30 ±30 ppm/DC: 
Tempco I 

Zero·Scale (Offset) Unipolar ±3 ±3 ppm of 
Tempco Bipolar ±15 ±15 FSR/oC 

Analog Input Voltage Unipolar OV to 5V, OV to 10V 
V 

Range Bipolar ±2.5V, ±5V, ±10V 

Input Impedance OV to 5V, ± 2.5V 2.5k 2.5k 
(Direct Input) OV to 10V, ± 5V 5k 5k n 

±,10V 10k 10k 

REFERENCE CHARACTERISTICS 

Reference Voltage 6.07 6.2 6.33 6.07 6.2 6.33 V 

Tempco of Drift 10 20 10 20 ppml"C 

External Use Current 1.5 t5 mA 

Output Impedance 0.05 1.0 0.05 1.0: n 

DIGITAL AND DC CHARACTERISTICS 

Logic 1 Input Voltage • 2.0 2.0 
(Bit Off) Incl V 
Logic 0 Input Voltage Ext 0.8 0.8 
(Bit On) Clock 

Logic 1 Input Current Input V1N =2.5V 0.05 1 0.05 1 

Logic 0 Input Current V1N=OV -100 -100 pA 

Logic 0 Output 1I0itage IOUT=3.2 mA 0.4 0.4 
V 

Logic 1 Output Voltage 10= 360 pA 2.4 2.4 

Short Circuit Output Vee = Max -18 -57 -18 -57 mA 
Current 

Power Supply Current 1+ 16 16 mA 

TA=.25°C I 12 12 mA 

Icc 92 92 mA 

Power Supply Sensitivity Vs 0.003 0.003 FSRI% Vs 
Vee 0.0015 0.0015 FSR/% Vee 
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Electrical Characteristics (Continued) 
TA= -25°C to + 85°C, Vs= ±11.4V to ±16.00V, Vcc =4.75V to 5.25V unless otherwise noted. 

ADC1280 'ADC10SO 

Parameter Conditions Typ Typ 
Min (Note 1) Max Min (Note 1) Max 

AC CHARACTERISTICS 

Conversion Time Internal 22 25 21 

TA=25°C 
Clock 
External 16 18 12 
Clock 

Clock Frequency Internal 575 '575 

Convert Command 100 100 

Nole 1: All typical values are for TA =2S·C. 

Note 2: Guarantees that for increasing analog voltage, the digital code increases. This specification guarantees monotonlclty. 
Note 3: FSR means "full·scale range" and Is 20V for ± 10V range, 10V for ± SV range. 
Nole 4: Externally adlustable to zero. 

Typical Performance Curves 

Linearity Error vs Differential Linearity Error 
Conversion Time vs Conversion Time 
(Normalized) (Normalized) 
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1.0 Definition of Terms and 
Applications 
The accuracy of an AID converter Is described by the 
transfer function shown In Figure 1. There Is an inherent 
quantization uncertainty of :t 1/2 LSB associated with the 
resolution. 

w 

" 8 .. 
co 
~ 

ODD ... Ooo 

f 011..,111 1---lI---H+--l!-+-l 
!; OFFSET 

i. ~-i" 111 ... 111 I-...J....-~I--t--' 
-FSR/2 0 FSR/2-1 LSD 

ANALOG INPUT 

FIGURE 1. TransferCharacterls,tlcs 
for an Ideal Bipolar AID 

The remaining errors in the AID converters are combina· 
tions of analog errors due to the linear circuitry, matching 
and tracking properties of the ladder and scaling net· 
works, 'reference error, and power supply rejection. The 
matching and tracking· errors in the ADC1080 and 
ADC1280 have been minimized by the use of a monolithic 
DAC that includes the scaling network. The initial gain 
and offset errors are specified at :t'0.1% FSR for gain and 
± 0.05% FSR for offset. These errors may be trimmed to 
zero by the use of the external trim circuits as shown in 
Figures 2 and 3. Linearity error is defined as the deviation 

a) 

15V (12VI 

COMP'!' ~.!M. ' _110kTO lDDk 

IN~:~~~~ 

-15V (-12VI 

from a true straight line transfer characteristic from a zero 
analog Input which calls for a zero digital output to a point 
which is defined as full·scale. The linearity error is unad· 
justable and Is the most meaningful indication of AID con· 
verter accuracy. Differential nonlinearity Is a measure of 
the deviation in staircase step width between codes from 
the ideal least significant bit step size (Figure 1). 

Monotonic behavior requires that the differential linearity 
error be less than 1 LSB; however, a monotonic converter 
can have missing codes. 

There are three types of drift error over temperature: off· 
set, gain, and linearity. Offset drift causes a shift of the 
transfer characteristics left or right over the operating 
temperature range. Gain drift causes a rotation of the 
transfer characteristic about the zero or minus full·scale 
point. 

1.1 Gain and Offset Error 

Initial gain and offset errors are factory trimmed to ± 0.1 % 
of FSR (± 0.05% for unipolar offset) at 25°C. 

Gain and offset errors may be trimmed to zero'using exter· 
nal gain and offset trim potentiometers connected to the 
ADC1080 and ADC1280 as shown in Figures 2 and 3. Multi· 
turn potentiometers with 100 ppml"C or better TCRs are 
recommended for minimum drift over temperature and 
time. These pots may be any value from 10 kG to 100 kll. All 
resistors should be 20% or better. Pin 16 (gain adjust) may 
be left open if no external adjustment is required. 

b) 

15V (12VI 

COMP IOI...JII/lBO/lk ...-.... ""I1BOllk ......,K ~~F~~,rOi 
IN ADJUST 

22k 

-15V 1-12VI 

FIGURE 2. Two Methods of Connecting Optional Offset 
Adjust with a 0.4% of ,FSR Range of Adjustment 

a) 

15V(12VI 

GAIN 1& 10M 10klO lOOk 
ADJUST o-.... -I\110,..,.. .... ,z :~!~ST 

O,OI~F 

ANALOG J -15V H2VI 
COMMON 

b) 

15V(12VI 

16 210k 10k TO IDDk 
o-_....J,W_ .... -'IJ'V\o-+< GAIN 

ADJUST 

210k 

,. -,- 0,01 ~F 

:w -15V 1-12VI 

&.Ik 

FIGURE 3. Two Methods of Connecting Optional Gain 
Adjust with a 0.6% Range of Adjustment 
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Adjustment Procedure 

Offset-Connect the offset potentiometer as shown in 
Figure 2. Sweep the Input through the end point transition 
voltage that should cause an output transition to all ones. 

Adjust the offset potentiometer until the actual end point 
transition voltage occurs at EgjF. The ideal transition volt· 
age values of the input are given In Table I. 

Gain-Connect the gain adjust potentiometer as shown 
in Figure 3. Sweep the input through the end point transi· 
tion voltage that should cause an output transition to all 
zeros. 

Adjust the gain potentiometer until the actual end point 
transition voitage occurs E~N. Table I details the transl· 
tlon voltage levels required. 

1.2 Accuracy Drift vs Temperature 

Three major drift parameters degrade AID converter ac· 
curacy over temperature: they are gain, offset and linearity 
drift. The worst case accuracy drift is the summation of all 
three drift errors over temperature. Statistically, these er· 
rors do not add algebraically, but are random variables 
which behave as root·sum·squared (RSS) or 10" errors as 

-follows: 

RSS=...)Eg2+ E02+ Ee2 

where E g = gain drift error (ppmJ"C) 
Eo = offset drift error (ppm of FSR/°C) 
E e = linearity error (ppm of FSRloC) 

For unipolar operation, the total RSS drift is ±30.3 ppm/DC 
and for bipolar operation, the total RSS drift is 
±33.7 ppm/oC. 

1.3 Accuracy vs Speed 

In successive approximation AID converters, the conver· 
sion speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and dif· 
ferentiallinearlty errors for the ADC1080 and ADC1280 are 
shown in Figures 3 and 4. 

lOY RANGE 13 0------, 

ZOY RANGE 14 O---'lM.,-..... 
R2 
5k RI 

COMPIN " o---...... - .... Gt.::::5
_
k
-l 

Uk ~~R 
BIPOlARIZ~ 
OFFSET . - .. ":' COMPARATOR 

ANALOG 151 VREF 
COMMON 

FROM D/A 
CONY 

FIGURE 4. Input Scaling Circuit 
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The ADC1080 and ADC1280 conversion speeds are speci· 
fied for a maximum linearity error of ± 1/2 LSB and a dif· 
ferentlal linearity error of ± 1/2 LSBwith the internal clock. 
Faster conversion speeds up to 23/Ls for12 bits, 12/Ls for 
10 bits, and 6 /LS for 8 bits are possible with an external 
clock. 

1.4 Power Supply Sensitivity 

Changes In the DC power supplies will affect the accuracy 
of the ADC1080 and ADC1200. Normally, regulated power 
supplies with 1 % or less ripple are recommended. 

1.5 Layout Precautions 

Analog and digital commons are not connected internally 
In the ADC1080 and ADC1280, but should be connected 
together as close to the unit as pOSSible, preferably to a 
large ground plane under the AID. If these grounds must 
be run separately, use a wide conductor pattern between 
analog and digital commons at the unit. Low impedance 
analog and digital common returns are essential for low 
noise performance. Coupling between analog inputs and 
digital lines should be minimized by careful layout. 

1.6 Input Scaling 

The APC1080 and ADC1280 input should be scaled as 
close to the maximum input signal range as possible in 
order to utilize the maximum signal resolution of the AID 
converter. Connect the input signal as shown in Table I. 
See Figure 4 for circuit details. 

TABLE I. INPUT SCALING CONNECTIONS 

Input Connect Connect Connect 

Signal Output Pin 12 Pin 14 Input 

Range Code To Pin To Signal 
To 

±10V COB or CTC 11 Input Signal 14 
±5V COBorCTC 11 Open 13 

±2.5V COBorCTC 11 Pin 11 13 
OVt05V CSB 15 Pin 11 13 

OV to 10V CSB 15 Open 13 

I 

2.0 Functional Description 
On receipt of a CONVERT START command, the ADC1000 
and ADC1280 convert the voltage at its analog input Into 
an equivalent 12·bit binary number. This conversion is 
accomplished as follows: the 12·blt successive approxl· 
mation register (SAR) has its 12·bit outputs connected 
both to the device bit output pins and to the corresponding 
bit inputs qf the feedback DAC. The analog Input is suc· 
cesslvely compared to the feedback DAC output, one bit 
at a time (MSB first, LSB last). The decision to keep or reo 
ject each bit is then made at the completion of each bit 
comparison period, depending on the state of the compar· 
ator at that time. 
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2.1 Timing " 

The Timing Diagram is shown in Figure 5. Receipt of a 
CONVERT START signal sets the STATUS flag, indicating 
conversion In progress. This, In turn, removes the Inhibit 
applied to the gated clock, permitting it to run through 13 
cycles. All SAR parallel bit and STATUS flip-flops are ini· 
tialized on the leading edge, and the gated clock inhibit 
signal is removed on the trailing edge of the CONVERT 
START signal. At time to, B1 is reset and B2-B12 are set 
unconditionally. At t1 the bit 1 decision Is made (keep) and 
bit 2 is unconditionally reset. 'At t2, the bit 2 decision Is 
made (keep) and bit 3 is reset unconditionally. This se· 

quence continues until the bit 12 (LSB) decision (keep) Is 
made at t12. After a 40 ns delay period, the STATUS flag is 
reset, Indicating that the conversion Is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock Inhibit signal, forcing the clock 
output to the Logic 0 state. 

Corresponding serial and parallel data bits become valid 
on the same positive-going clock edge. Serial data does 
not change and is guaranteed valid on negative·going 
clock edges, however; serial data can be transferred quite 
simply by clocking It Intoa receiving shift register on these 
edges (see Figure 5). 

!-----------MAXtMUM THROUGHPUT TIME ------------1 
CONVERT 

START 
(NOTE t) 

tNTERNAL 
CLOCK 

STATUS 

MSO 

OiT2 

oln 

01T4 

0115 

0lT6 

0117 

0lT8 

0lT9 

OITtO 

OITI1 

LSO 

SERIAL 
DATA 

OUT 

LSO 

4 W'D 11 

Note 1: The convert start pulse width Is 100 ns min and must remain low during a conversion, The conversion Is initiated by the rising edge of the 
convert command. . 

Note 2: 25 ~s for 12 bits and 21 ~s for 10 bits (max), 

Note 3: MSB decision 

Note 4: LSB decision 40 ns prior to the status going low . 

• Bit decisions 

FIGURE 5. Timing Diagram (Binary Code 011001110110) 
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Incorporation of this 40 ns delay guarantees that the 
parallel (and serial) data are valid at the Logic 1 to Logic 0 
transition of the STATUS flag, permitting parallel data 
transfer to be Initiated by the trailing edge of the STATUS 
signal. 

2.2 Digital Output Data 

Both parallel and serial data from TTL storage registers 
are in negative true form. Parallel data output coding is 
complementary binary for unipolar ranges and either'com· 
plementary offset binary or complementary two's comple· 
ment binary, depending on whether bit 1 (pin 6) or its 
logical inverse bit 1 (pin a) is used as the MSB. Parallel 
data becomes valid approximately 40 ns before the 
STATUS flag returns to Logic 0, permitting parallel data 
transfer to be clocked on the "1" to "0" transition of the 
STATUS flag. 

Serial data coding is complementary binary for unipolar 
input ranges and complementary offset binary for bipolar 
input ranges. Serial output is by bit (MSB first, LSB last) in 
NRZ (non·return-to-zero) format. Serial and parallel data 
outputs change state on positive-going clock edges. 
Serial data is guaranteed valid 200 ns after the rising clock 
edges, permitting serial data to be clocked directly into a 
receiving register on these edges as shown in Figure 5. 
There are 13 negative-going clock .edges in the complete 
12-blt conversion cycle, as shown in Figure 5. The first 
edge shifts an invalid bit into the register, which is shifted 
out on the 13th negative-going clock edge. All serial data 
bits will have been correctly transferred and be in the 
receiving shift register locations shown at the completion 
of the conversion period. 

2.3 Short Cycle Input 

A short cycle input, pin 21, permits the timing cycle shown 
In Figure 5 to be terminated after any number of desired 

...JL. 18 
CONVERT _ CONV 

COMMANO COM 

bits has been converted, permitting somewhat shorter 
conversion times in applications not requiring full 12-bit 
resolution. When 12-bit resolution is required, pin 21 is 
connected to 5V (pin 9). When 10-bit resolution is desired, 
pin 21 is connected to bit 11 output pin 28. The conversion 
cycle then terminates, and the STATUS flag resets after 
the bit 10 decision (t10 + 40 ns in the Timing Diagram of 
Figure 5). Short cycle pin connections and associated 
maximum 12-bit, 10-bit and a-bit conversion times are sum
marized in Table II. 

TABLE II. SHORT CYCLE CONNECTIONS 

Connect Short Resolution 
Maximum Status Flag 

Cycle Pin 21 To Bits (%FSR) 
Conversion Reset 

Pin Time U.s) 

9 12 0.024 25 112+40ns 
28 10 0.100 21 t10 +40 ns 

30 8 0.390 17 18 +40 ns 

2.4 Control Modes 

The timing sequence of the ADC1080 and ADC12aO allows 
the device to be easily operated in a variety of systems 
with different control modes. The most common control 
modes are illustrated in Figures 6-9. 

2.5 Calibration 

External ZERO ADJ and GAIN ADJ potentiometers, con
nected as shown in Figures 10 and 11, are used for device 
calibration. To prevent interaction of these two adjust
ments, zero is always adjusted first and then gain. Zero is 
adjusted with the analog input near the most negative end 
of the analog range (0 for unipolar and - FS for bipolar in
'put ranges). Gain is adjusted with the analog input near 
the most postive end of the analog range. 

28 
81T 11 =-,.10.BIT 

OPERATION 
I 

SHORT .!!...J 
CYCLE -----; 

I 

INHI81T OPERATION 
CLOCK ~o 12·81T 

EXT~~~~~ 19 5V 
1.....-___ ---1 

FIGURE 6. Internal Clock-Nonnal Operating Mode. Conversion Inlti· 
ated by the Rising Edge of the Convert Command. The Internal Clock 
Runs Only During Conversion. 
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BIT 11 n OPERATION 

I 
I 12.BIT 

SHORT .!!_!...o!.E.!!~!.!!~+ 5V 
CYCLE 

CLOCK 20 
INHIBIT =-::=- OIGITAL -=- COMMON 

FIGURE 7. Continuous Conversion with External Clock. Conversion is 
Initiated by 14th Clock Pulse. Clock Runs Continuously. 

a-103 

l> c 
~ 
o 
CO 
P 
l> 
C 
(") ..... 
~ 



.JLJUl.. 10·BIT 
I EXTERNAL 19 EXTERNAL BIT 11 

28 OPERATION 
I CLOCK CLOCK 

I I 
I 112·BIT 
I 22 

STATUS SHORT 21 I O!E.!'~T.!.O!, .. 5Y 
I CYCLE 
I 

I 
.Jl... 18 CONY CLOCK 20 

COM INHIBIT DIGITAL 
: CONVERT ':' COMMON 
I COMMAND 

FIGURE 8. Continuous Extemal Clock. Conversion Initiated by Rising 
Edge of Convert Command. Tt:Ie Convert Command Must be 
Synchronized with Clock. 
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10·BIT 
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18 
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FIGURE 9. Continuous Conversion with Internal Clock. Conversion is In· 
itlated by the 14th Clock Pulse. Clock Runs Continuously. The Oscillator 
Formed by Gates 2 and 3 Insures that the Conversion Process will Start 
When Logic Power is First Turned On. 
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. FIGURE 10. Analog and Power Connections for Unipolar OV-10V Input Range 
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15V +--... -""~ 

-15V 

10 16 12 14 13 11 -15V 
5V 

t,· 1.8M 

-15V 
ANALOG 

'~I 
- INPUT 15V 
10M 

15V 

FIGURE 11. Analog and Power Connections for Bipolar :!::10V Input Range 

OV to 10V Range: Set analog input to + 1 LSB = + 0.OO24V. 
Adjust zero for digital output = 1 1 1 1 11 1 1 1 1 1 O. Zero 
is now calibrated. Set analog input to + FSR - 2 LSB = 
+ 9.9952V. Adjust gain forO 0000000000 1 digital out· 
put code; full·scale (gain) is now calibrated. Half·scale 
calibration check: set analog Input to + 5.0000V; digital 
output code should be 0 1 1 1 1 1 1 1 1 1 1 1. 

-10V to +10V Range: Set analog input to - 9.9951V; ad· 
just zero for 11 1 11 1 1 1 11 1 0 digital output (com· 
plementary offset binary) code. Set analog input to 
+ 9.9902V; adjust gain forO 00000000001 digital out· 
put (complementary offset binary) code. Half·scale 
calibration check: set analog input to O.OOOOV; digital out· 
put (complementary offset binary) code should be 
011111111111. 
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Other Ranges: Representative digital coding forOVto 10V 
and -10V to + 10V ranges is given above. Coding relation· 
ships and calibration pOints for OV to 5V, - 2.5V to + 2.5V 
and - 5V to + 5V ranges can be found by halving the corre· 
sponding code equivalents listed for the OV to 10V and 
-10V to + 10V ranges, respectively. 

Zero and full·scale calibration can be accomplished to a 
precision of approllimately :!:: 1/4 LSB using the static ad· 
justment procedure described In paragraph 1.1. By sum· 
mlng a small sine or triangular wave voltage with the 
signal applied to the analog input, the output can be 
cycled through each of the calibration codes of Interest to 
more accurately determine the center (or end pOints) of 
each discrete quantization level. 
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TABLE III. INPUT VOLTAGES AND CODE DEFINITIONS 

Binary (BIN) 
INPUT VOLTAGE RANGE AND LSB VALUES 

Output 

Analog Input 
Voltage Range Defined As: ±10V ±SV ±2.SV OVto 20V OV to 10V OVtoSV 

Code COB' COB' COB' 
Designation orCTe" orCTC" orCTC" CSB'" CSB'" CSB'" 

One Least FSR 20V 10V 5V 20V 10V 5V 
Significant 2" 2" 2" 2n 2" Tn 2n 

Bit (LSB) n=8 78.13 mV 39.00mV 19.53mV 78.13mV 39.00mV 19.53mV 
n=10 19.53 mV 9.i7mV 4.88mV 19.53mV 9.77mV 4.88mV 
n=12 4.88mV 2.44mV 1.22mV 4.88mV 2.44mV 1.22mV 

Transition Values 

MSB LSB 

000 ... 000 .... + Full-Scale 10V -3/2 LSB SV -3/2LSB 2.SV - 3/2 LSB 20V -3/2 LSB 10V -3/2 LSB SV -3/2LSB 

011...111 Mld·Scale 0 0 0 10V SV 2.SV 

111...110 -Full-Scale -10V + 1/2 LSB -SV +1/2LSB -2.SV +1/2 LSB 0+112 LSB 0+1/2 LSB 0+1/2 LSB 

'COB = Complementary Offset Binary. 

"CTC = Complementary Two's complement-obtained by using the complement of the most significant bit (MSB). MSB Is available on pin 8 . 

••• CSB = Complementary Straight Binary . 

...... *Voltages given a~e the nominal value for tranSition to the code specified. 

Ordering Information , 

Temperature Range - 2S"C to + 8S"C 

, ADC1280HCD 
0.012% ADC80AG·12 

Linearity ADC80AGZ·12 " '-. 
(Accuracy) , ADC1080HCD 

0.048% ADC80AG·l0 
ADC80AGZ·l0 

Package D328 

* Devices may be ordered by either part number , 

, 
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A to D, D to A 

ADC1210, ADC121112·Bit CMOS AID Conver1~rs 

General Description 
The ADC1210, ADC1211 are low power, medium speed, 
12-bit successive approximation, analog-to-digital con
verters_ The devices are complete converters requiring 
only the application of a reference voltage and a clock 
for operation_ Included within the device are the S4cces
sive approximation logic, CMOS analog switches, pre
cision laser trimmed thin film R-2R ladder network and 
FET input comparator_ 

The ADC1210 offers 12-bit resolution and 12-bit 
accuracy, and the ADC1211 offers 12-bit resolution 
with 10-bit accuracy_The inverted binary outputs are 
directly compatible with CMOS logic_ The ADC1210, 
ADC1211 will operate over a wide supply range, convert 
both bipolar and unipolar analog inputs, and operate in 
either a continuous conversion mode or logic-controlled 

Block Diagram 

START-STOP conversion mode_ The devices are capable 
of making a 12-bit conversion in 100 /-ts typ, and can be 
connected to convert 10 bits in 30/-ts_ 

Both devices are available in military and industrial 
temperature ranges_ 

Features 
" 12-bit resolution 
" ±1/2 LSB linearity 
" Single +5V to ±15V supply range 
" 100 f-lS 12-bit, 30 f-lS 1 O-bit conversion rate 

" CMOS compatible outputs 
" Bipolar or unipolar analog inputs 

" 200 kD. analog input impedance 

" Low cost 
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Absolute Maximum Ratings 
Maximum Reference Supply Voltage (v+) 16V Power Dissipatio'n See Curves 
Maximum Negative Supply Voltage (V-) -20V Operating Temperature Range 
Vol tage At Any Logi~ Pi n V+ + 0.3V ADC1210HD. ADC1211HD -55°C to +125°C 
Analog Input Voltage ±15V ADCI210HCD. ADC1211HCD -25°C to + 85°C 
Maximum Digital Output Current ±10mA Storage Temperature Range -65°C to +150°C 
Maximum Comparator Output Current 50mA Lead Temperatule (Soldering. '0 seconds) 300°C 
Comparator Output Short·Circuit Duration 5 Seconds 

DC Electrical Characteristics (Notes 1 and 2) 
-

ADC1210 ADC1211 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Resolution 12 '2 Bits 

Linearity Error (Note 3) 

fCLK = 65 kHz. TA = 25°C ±0.0'22 ±0.0488 % FS 

fCLK. = 65. kHz ±0.0244 % FS 

Full Scale Error T A = 25° C. Unadjusted 0.' 0.25 % FS 

Zero Scale Error T A = 25° C. Unadjusted 0.' 0.25 , % FS 

Quantization Error ±,/2 ±1/2 LSB 

Input Resistor Values R27.R28 20 20 kH 

Input Resistor Values R25.R26 200 200 kH 

Input Resistor Ratios R25/R26. R27/R28 0.' .0.' % 

Logic "'" Input Voltage 8 8 V 

Logic "0" Input Voltage 2 2 V 

Logic "'" Input Current VIN = '0.24V , , p.A 

Logic "a" Input Current VIN=OV -, -1 p.A 

Logic "'" Output Voltage IOUT-::::-' p.A 9.2 9.2 V 

Logic "0" Output Voltage IOUT-::::' p.A 0.5 0.5 V 

Positive Supply Current V+ = 15V. fCLK = 65 kHz. 5 8 5 8 mA 

TA=25°C 
I 

Negative Supply Current V- = -15V. TA = 25°C 4 6 4 6 mA 

AC Electrical Characteristics T A = 25°C. (Notes 1 and 2) 

PARAMETER 

Conversion Time 

Maximum Clock Frequency 

Clock Pulse Width 

Propagation Delay From Clock to Data Output 

(OOtoO,,) 

Propagation Delay From Clock to Conversion 

Complete 

Clock Rise and Fall Time 

Input Capacitance. 

Start Conversion Set· Up Time 

CONDITIONS 

tr -:::: tf -::::'0 ns 

MIN TYP 

'00 

,30 

100 50 

60 

60 

'0 

30 

MAX UNITS 

200 p.s 

65 kHz 

ns 

'50 ns 

'50 ns' 

5 p.s 

pF 

ns 

Note 1: Unless otherwise noted. these specifications apply for V+ = 10.240V. V- = -15V. over the temperature range -55°C to +125°C for 
the ADC1210HD. ADC1211HD. and -25°C to +85°C for the ADC1210HCD. ADC1211 HCD. 
Note 2: All typical values are for T A = 25°C. 
Note 3: Ur:--Iess otherwise noted, this specification applies over the temperature range -25°C to +8SoC. Pro~ision is made to adjust zero scale error 
to OV and full-scale to 10.2375V during testing. Standard linearity test circuit is shown in Figure Sa. 
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1.0 THEORY OF OPERATION 

The ADC1210. ADC1211 are successive approximation 
analog-to-digital converters, i.e., the conversion takes 
place 1 bit at a time by comparing the output of the 
internal D/A to the (unknown) input voltage. The 
START input (pin 131. when taken low, causes the 
register to reset synchronously on the next CLOCK 
low-to-high transition. The MSB, 011 is set to the low 
state, and the remaining bits, 00 through 010, will be 
set to the high state. The register will remain in this 
state until the SC input is taken high_ When START goes 
high, the conversion will begin on the low-to-high 
transition of the CLOCK pulse. 011 will then assume 
the state of pin 23_ If pin 23 is high. all will be high; 
if pin 23 is low, all will remain low. At the same time, 
the next bit, 010 is set low. All remaining bits, 00-09 
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will remain unchanged (high). This process will continue 
until the LSB (00) is found. When the conversion 
process is completed, it is indicated by CONVERSION 
COMPLETE (CC) (pin 14) going low. The logic levels at 
the data output pins (pins 1-12) are the complemented
binary representation of the converted analog signal with 
011 being the MSB and 00 being the LSB. The register 
will remain in the above state until the SC is again taken 
low. 

An application example is shown in Figure 1. In this 
case, a 0 to -10.2375V input is being converted using 
the ADC1210 with V+ = 10.240V, V- = -15V. Figure 
1b is the timing diagram for full scale input. Figure 1e 
is the timing diagram for zero scale input, Figure 1d is 
the timing diagram for-3.4125Vinput (010101010101 = 
output). 
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TABLE I. Pin Assignments and Explanations 

PIN NUMBER MNEMONIC FUNCTION 

1-12 011-00 Digital (data) output pins, This information is a parallel 12-bit complemented binary 
representation of the converted analog signal. All data is valid when "Conversion Com-
plete" goes low. Logic leve!s are ground and V+. ' 

13 SC Start Conversion is a logic input which causes synchronous' reset of the successive approx
imation register and initiates conversion. Logic levels are ground and V+. 

14 ' CC "Conversion Complete" is a digital output signal which indicates the status of the con
verter. When CC is high, conversion is taking place, when low conversion is completed. 
Logic levels are ground and V+. 

15,16 R27,R28 R27 and R28 are two application resistors connected to the comparato'r non·inverting 
input, The resistors may 'be used in various modes of operation. T/1eir nominal values are 
20 kn each. See Applications section, 

17 +IN Non-inverting input of the analog comparator. This node is used in various configura
tions and for compensation of the loop. See Applications section. 

18,19 R2,5, R26 R25 and R26 are two application resistors that are tied i'nternally to the inverting input 
of the comparator. Their nominal values are 200 kn each. See Applications 
section. The R-2R ladder network will have the same temperature coefficient as these 
resistors. 

20 V- Negative supply voltage for bias of the analog comparator. Optionally may be grounded 
or operated with voltages to -20V. 

21 

22 

23 

24 

GND 

V+(VREF) 

CO 

Ground for both digital and analog signals. 

V+ sets both maximum full scale and input and output logic levels. 

Comparator output. 

Cp Clock is an input which causes the successive approximation (shift) register to advance 
through the conversion sequence. Logic levels are ground and V+, 

2.0 APPLICATIONS 

2.1 Power Supply Considerations and 
Decoupling 

Pin 22 is both the positive supply and voltage reference 
input to the ADC1210, ADC1211. The magnitude of V+ 
determines the input logic "1" threshold and the output 
voltage from the CMOS SAR. The device will operate 
over a range of V+ from 5V to 15V, However, in order 
to preserve 12-bit accuracy, V+ should be well regulated 
(0.01%) and isolated from external switching transients. 
It is therefore recommended that pin 22 be decoupled 
with a 4.7 p.F tantalum capacitor in parallel with a 
O.lp.F ceramic_ disc capacitor. 

The V- supply (pin 20) provides negative bias for the 
FET comparator. Although pin 20 may be grounded in 
some applications, it must be at least 2V more negative 
than the most negative analog input signal. When a nega· 
tive supply is used, pin' 20 should also be bypassed with 
4.7p.F in parallel with O.lp.F. 

Grounding and circuit layout are extremely important 
in preserving 12-bit accuracy. The user is advised to 
employ separate digital and analog returns, and to make 
these PC board traces as "heavy" as pr~ctical. 

2.2 Short Cycle for Improved Conversion 
Time (Figure 2) 

The ADC1210, ADC1211 counting sequence may be' 
truncated to decrease conversion time. FC!r example, 
when using the ADC1211, 2 clock intervals may be 
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"saved" if 10-blt conversion accuracy is taking place. 
The 02 output should be "OR'd" with CONVERSION 
COMPLETE (CC) in order to ensure that the register 
does not lock·up upon power turn·on. 

DIGITAL OUTPUTS 

FIGURE 2. Short Cycling the ADC1211 to Improve 
10-Bit Conversion Time (Continuous ~nvarsion) 

2.3 Logic Compatibility . 

The ADC1210, ADC121l is intended to interface with 
CMOS logic levels: i.e.,' the logic inputs and outputs 
are directly compatible with series 54C/74C and CD4000 
family of logic components, The outputs of the 
ADC1210, ADC1211 will not drive LPTTL, TTL or 
PMOS logic directly without degrading accuracy. Various 
recommended interface techniques are shown in Figures 
3and4. 

2.4 Operating Configurations 

Several recommended operating configurations are 
shown in Figure 5. 
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FIGURE 3. Interfacing an ADC1210, ADC1211 Running on V+ > VCC. Example: V+ = 10.24V, System VCC = 5V 
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2.5 Offset and Full Scale Adjust 

A variety of techniques may be employed to adjust 
Offset and Full Scale on the ADC1210, ADC1211. A 
straight-forward Full Scale Adjust is to incrementally 
vary V+ (VREF) to match the analog input voltage. 
A recommended technique is shown in Figure 6. An 
LM199 and low drift op amp (e.g., the LH0044) are 
used to provide the precision reference. The ADC1210, 
ADC1211 is put in -the continuous convert mode by 
shorting pins 13 and 14. An pnalog voltage equal to 
VREF minus 1 1/2 LSB (10.23625V) is applied to pins 
18 and_ 19, and R1 is adjusted until the LSB flickers 
-equally between logic "1" and logic "0" (all other out-

8·113 

puts must be stable logic "0"). Offset Null is accom
plished by then applying an analog input voltage equal 
to 1/2 LSB at pins 1 Band 19. R2 is adjusted until the 
LSB output flickers equally between logic '''1'' and 
logic "0" (all other bits are stable). In the circuit of 
Figure 6, the ADC1210. ADC1211 is configured for 
Complementary Binary logic and the values shown are 
for V+ = 10.240V, VFS = 10.2375V, LSB = 2.5 mV. 

An alternate technique is shown in Figure 7. In this 
instance, an LH0071 is used to provide the reference 
voltage. An analog input voltage equal to VREF minus 
1 1/2 LSB (10.23625V) is appl[ed to pins 18 and 19. 
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Applications Information (Continued) 
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FIGURE 6. Offset and Full Scale Adjustment for Complem'mtary Binary 

R 1 is adjusted until the LSB output fl ickers equally 
between logic "1" and logic "0" (all other outputs must 
be a stable logic "0"). For Offset Null, an analog voltage 
equal to 1/2 LSB 0.25 mY) is then applied to pins 18 
and 19, and R2, is adjusted until the LSB output flickers 
equally between logic "1" and "0". 

':f._JVli" ........... 

INPUT VOLTAGE 
(OVTO 1D.2J1SVI 

-15V CLOCK 

-ISV 

FIGURE 7. Offset and Full·Scale Adiustment 
Technique Using LH0071 

In both techniques shown, adjusting the Full·Scale first 
and, then Offset minimizes adjustment interaction. At 
least one iteration is recommended as a self·check. 

2.6 Start Pulse Considerations 

To assure reliable conversion accuracy, the START (SC) 
pulse applied to pin 13 of the ADC1210 should be syn· 
chronized to the conversion clock. One simple way to 
do that is the circuit shown in Figure 8. Note that once 
a conversion cycle is initiated, the START signal cannot 
effect the conversion operation until it is completed. 

r.:------.... - ..... -V+(VRUI 

ClOCK -t-----t--'''l 

FIGURE S. Synchronizing the START Pulse 
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The circuit insures that in no case can the ADC1210 
make an error in the Most Significant Bit (MSB) deci· 
sian, Without the circuit, it is possible for energy from' 
the trailing edge of an asynchronous START pulse to be 
coupled into the ADC1210's comparator. If the analog 
input is near half·scale, the charge injected can force an 
error in the MSB decision, The circuit allows one clock 
period for this energy to dissipate before the decision is 
recorded. 

2.7 ADC1210 Conversion at 26 j,lS 

The ADC1210 can run at 500 kHz clock frequency, or 
12·bit conversion time of 26 j,lS (Figure 9), The campara· 
tor output is clamped low until the successive approxi· 
mation register (SA R) is ready to strobe in the data at 
the rising edge of the conversion clock. Comparator 
oscillation is suppressed and kept from influencing the 
conversion decisions, eliminating the need for the AC 
hysteresis circuit above clock frequency of 65 kHz that 
is recommended. 

CLOCK -1>-----------.:",cp v 011 MSa 

,v 

FIGURE 9. Conversion at 26 "" 

21 

A . 

DIGITAL 
• OUTPUT 

LSI no 

A complementary phased clock is required, The posi· 
tive phase is used to clock the converter SAR as is 
normally the case, The same signal is buffered and in· 
verted by the transistor, The open collector is wire·ORed 
to the output of the comparator, During the first half of 
the clock cycle (50% duty cycle). the comparator output 
is clamped and disabled, though its internal operation is 
still in normal working order. The last half cycle of the 
clock unclamps the comparator output. Thus, the out· 
put is permitted to slew to the final logic state just before 
the decision is logged into the SAR. The MM74C906 
buffer (or with two inverting buffers) provides adequate 
propagation delay such that the comparator output 
data is held long enough to resolve any internal logic set· 
up time requirements. 
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The 500 kHz clock implies that the absolute minimum 
amount of time for the comparator output is unc/amped 
is 1 j.lS. Therefore, if the clock is not 50% duty cycle, this 
1 j.lS requirement must be observed. 

3.0 DEFINITION OF TERMS 

Resolution: The Resolution of an AID is an expression 
of the smallest change 'in input which will increment 
(or decrement) the output from one code to the next 
adjacent code. It is defined in number of bits, or 1 
part in 2n. The ADC1210 and ADC1211 have a resolu· 
tion of 1-2 bits or 1 part in 4,096 (0.0244%). 

Quantization Uncertainty: Quantization Uncertainty is 
a direct consequence of the resolution of the converter. 
All analog voltages within a given range are represented 
by a single digital output code. There is, therefore, an 
inherent conversion error even for a perfect AID. As an 
example, the transfer characteristic of a perfect 3·bit 
AID is shown in Figure 10. 
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o 1 Z 3 4 5 & J 8 

ANALOG INPUT VOLTAGE 

FIGURE 10. Quantization Uncertainty 
of a Perfect 3·Bit AID 

As can be seen, all input voltages between OV and lV 
are represented by an output code of 000. All input 
voltages between 1 V and 2V are represented by an 
output code of 001, etc. If the midpoint of the range is 
assumed to be the nominal value (e.g., 0:5V), there is an 
Uncertainty of ± 1/2 LSB. It is common practice to 
offset the converter 1/2 LSB in order to reduce the 
Uncertainty to ±1/2 LSB 'is shown in Figure ", rather 
than +1, -0 shown in Figure 10. Quantization Uncer· 
tainty can only be reduced by increasil)g Resolution. 
It is expressed as ±1/2 LSB or as an error percentage of 
full scale (±o'.0122% FS for the ADC1210). , 
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FIGURE 11. Transfer Characteristic Offset 
1/2 LSB to Minimize Quantizing Uncertainty 

f 

Linearity Error: Linearity Error is the maximum devia· 
tion from a straight line passing through the end points 
of the AID transfer characteristic. 'It is measured after 
calibrating Zero and Full Scale Error. The Linearity 
t;rror of the ADC1210 is guaranteed to be less than 
±1/2 LSB or ±0.0122% of'FS and ±0.0488% of FS for 
the AD 1211. Linearity is a' performance characteristic 
intrinsic to the device and cannot be externally adjusted. 
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Zero Scale Error (or Offset): Zero Scale' Error is a 
measure of the difference between the output of an 
ideal and the actual AID for zero input voltage. As 
shown in Figure 12, the effect of Zero Scale Error is 
to shift the transfer characteristic to the right or left 
along the abscissa. Any voltage more negative than the 
LSB transition gives an output code of 000. In practice, 
therefore, the voltage at which the 000 to 001 transition 
takes place is ascertained, this input voltage's departure 
from the ideal value is defined as the Zero Scale Error 
(Offset) and is expressed as a percentage of FS. I n the 
example of Figure 12, the offset is 2 LSB's or 0.286% 
of FS. ' 

:!: 111 8 

I "' '01 
10' 

RESPONSE 
WITH OffSET 

5 01' 
IDEAL 
RESPONSE 

i5 '10 
'01 ~E~s~~CSA;~~~f'°l~ 
DO' 

-2 -I 0 1 2 3 4 5 6 7 I 

ANALOG INPut VOLTAGE 

FIGURE 12. AID Transfer Characteristic with Offset 

The Zero Scale Error of the ADC1210, ADC1211 is 
caused primarily by offset voltage in the comparator. 
Because it is common practice to offset the AID 1/2 LSB 
to minimize Quantization Error, the offsetting techniques 
described in the Applications Section 'may be used to 
null Zero Scale Error and accomplish the 1/2 LSB 
offset at the same time. 

Full Scale Error (or Gain Error): Full Scale Error is a 
measure of the difference between the output of an 
ideal AID converter and the actual AID for an input 
voltage equal to full scale. As shown in Figure 13, the 
Full Scale Error effect is to rotate the transfer charac· 
teristic angularly about the origin. Any voltage more 
positive' than the Full Scale transition gives an output 
code of 111. In practice, therefore, the voltage at which 
the transition from 111 to 110 occurs is ascertained. 
The input Voltage's departure from the ideal value is 
defined as Full Scale Error and is expressed as a per· 
centage of FS. In the example of Figure 13, Full Scale 
Error is 1 1/2 LSB's, or 0.214% of FS. 
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'DO 

4 
01' lE 

i5 OlD 

'01 

cJ' 

Vl 'O'!,L ~ESPFNS1-IX 
I~ 

DO' o 1 2 34 5 6 1 I 

ANALOG INPUT VDLTAGE 

FIGURE 13. Full Seale IGain Error' 

Full Scale Error of the ADC1210, ADC1211 is due 
primarily to mismatch in the R·2R ladder equivalent 
output impedance and input resistors R25, R26, R27, 
and R28. The gain error may be adjusted to zero as 
outlined in section 2.5. 



Monotonicity and Missing Codes: Monotonicity is a 
property of a D/A which requires an increasing or 
constant output voltage for an increasing digital input 
code. Monotonicity of a D/A converter does not, in 
itself, guarantee that an AID built with that D/A will 
not have missing codes. However, the ADC1210 and 
ADC1211 are guaranteed to have no missing codes. 

Conversion Time: The ADC1210, ADC1211 are succes
sive approximation AID converters requiring 13 clock 
intervals for a conversion to specified accuracy for the 
ADC1210 and 11 clocks for the ADC1211. There is 
a trade-off between accuracy and clock frequency due 
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to settling time of the ladder and propagation delay 
through the comparator. By modifying the hysteresis 
network around the comparator, conversions with 10-
bit accuracy can be made in 30 ps. Replace RA, RB 
and CA in Figure 5 with a 10 Mn resistor between 
pin 23 (Comparator Output) and pin 17 (+ IN), and 
increase the clock rate to 366 kHz. 

In order to prevent errors during conversion, the analog 
input voltage should not be allowed to change by more 
than ±1/2 LSB. This places a maximum slew rate of 
12.5 IlV Ills on the analog input voltage. The usual solu
tion to this restriction is to place a Sample and Hold in 
front of the AID. For additional application infor
mation, refer to application note AN24S. 
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~National 
~ Semiconductor 

A to D, D toA 

DAC0800, DAC0801, DAC08028-Bit 
Digital-to-Analog Converters 

General Description 
The DACOBOO series are monolithic B-bit high-speed 
current-output digital-to-analog converters (DAC) featur
ing typical settling times of 100 ns_ When used as a inul
tiplying DAC, monotonic performance over a 40 to 1 
reference current range is possible_ The DACOBOO series 
also features high compliance complementary current 
outputs to allow differential output voltages of 20 Vp-p 
with simple 'resistor loads as -shown in Figure 1. The 
reference-to-full-scale current matching of better than 
±1 LSB eliminates the need for full-scale trims in 
most applications. while the nonlinearities of better 
than ±0.1% over temperature minimizes system error 
accumulations. 

The noise immune inputs of the DACOBOO series will 
accept TTL levels with the logic threshold pin, VLC, pin 1 
grounded. Simple adjustments of the V LC potential 
allow direct interface to all logic families. The perform
ance and characteristics of the' device are essentially un
changed over the full ± 4.5V to ±lBV power supply 
range; power dissipation is only 33 mW with ± 5V sup
plies and is independent of the logic iliput states. 

Typical Applications 

10V 

OIGITA~ INPUTS 

, MSB LSB ' 

Y Y Y y y ? Y Y IOUT
10k 

10k 

5k 
IOVo-...I\i""' ...... 14 , 

The DACOBOO, DACOB02, DACOBOOC, DAC0801C and 
DACOB02C are a direct replacement for the DAC-OB, 
DAC-OBA, DAC-OBC, DAC-OBE and DAC-OBH, 
respectively. 

Features 
• Fast settling output current 

• Full scale error 
• Nonlinearity over temperature 
• Full scale current drift 
• High output compliance 
• Complementary current outputs 

100 ns 
±1 LSB 

±0.1% 
±10 ppmfC. 

-10Vto+1BV 

• Interface directly with TTL, CMOS, PMOS and 
others 

• 2 quadrant wide range multiplying capability 
• Wide power supply range ±4.5V to ±lBV 
• Low power consumption 33 mWat±5V 

• Low cost 

Connection Diagram 

Dual-In-Line Package 

THRESHOLD 1 
CONTROL. VLC-- • U r!!- COMPENSATION 

TiiiiT2. r!!-VREFH 

v-2 .!!.VREF(+} 5 6 1 8 9 10 11 12 4)--- ) 

DACOBOO VOUT TO 20 v ... lOUT..! .!!.v+ 

5k 
,...'V\rv--t15 
~ L-3~ __ ~16~~13L-__ il~2y:;;;;.~.--~~ 

~18Hc~ ~"~ lOUT 

- v- O.OI"F v+ 

FIGURE 1_ ±20 Vp-p Output Digital-to-Analog Con.am, 

Ordering Information 

NON LINEARITY 

fO.l% FS 

to.l% FS 
fO.19% FS 

fO.19% FS 

±O.39% FS 

TEMPERATURE 
RANGE 

55°C~TA~+125°C 
O°CSTA ~ + 70°C 

-55°C~TA ~+ 125°C 

0°C~TA~+70°C 
O°C<TA <+70°C 

D PACKAGE (D16CI 
DAC0802LD DAC-D8AQ 

DAC0800LD DAC-DSQ 

*Note. Devices may be ordered by using either order number. 

B-llB 

MSS SI...! 

BZ....!.. 

B32-

B4..!. 

, 

ORDER NUMBERS· 
J PACKAGE (JI6AI 

DACOB02LCJ DAC-DBHQ 

DACOBOOLCJ DAC-DSEQ 

DACOB01LCJ- DAC-pSCQ 

.!!.SB LSB 

.!.!..Sl 

.!i!,S6 

.!...B5 

TOP VIEW 

N PACKAGE (N16AI 

DACOS02LCN DAC-DSHP 

DACOSOOLCN DAC-OBEP 
DAC0801LCN DAC-DSCP 



Absolute Maximum Ratings Operating Conditions 
Supply Voltage '±18V or 36V MIN MAX UNITS 
Power Dissipation (Note 1 ) 500mW Temperature (T A) 
Reference Input Differential Voltage (V14 to V15) V-to V+ DAC0802L -55 +125 °c 
Reference Input Common-Mode Range (V14, V15) V-to V+ DAC0800L -55 +125 °c 
Reference Input Current 5mA 

DAC0800LC 0 +70 °c 
Logic Inputs V- to V- plus 36V 

DAC0801LC 0 +70 °c 
Analog Current Outputs Figure 24 

DAC0802LC 0 +70 °c 
Storage Temperature -65° C to +150° C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Vs = ±15V, IREF = 2 rnA, TMIN :::; TA :::; TMAX unless otherwise specified. 
Output characteristics refer to both lOUT and lOUT.) 

DACOB02L1 DACOBOOLI 
DACOB01LC PARAMETER CONDITIONS DAC0802LC DACOBOOLC UNITS 

MIN TYP MAX MIN . TYP MAX MIN TYP MAX 
Resolution B B B B B B B B B Bits 

Monotonicity 8 B B B B B 8 8 8 Bits 

Nonlinearity ±O.1 ±O.19 ±O.39 %FS 

ts Settling Time To ±1/2 LSB, All Bits Switched lOa 135 lOa 150 ns 
"ON" or "OFF", TA = 2SOC 

DAC0800L lOa 135 ns 
DAC0800LC lOa 150 ns 

tPLH. tPHL Propagation Delay TA' 25°C 
Each Bit 35 60 35 60 35 60 ns 
All Bits Switched 35 60 35 60 35 60 ns 

TCIFS Full Scale Tempco ±lO :!:50 ±lO ±50 ±lO ±80 ppmfC 

VOC Output Voltage Compliance Full Scale Current Change -10 18 -10 18 -10 18 V 

< 1/2 LSB. ROUT> 20 Mf! Typ 

IFS4 Full Scale Current VREF' 10.000V. R14 = 5.000 kf! 1.984 1.992 2.000 1.94 1.99 2.04 1.94 1.99 2.04 mA 
R 1 5' 5.000 kf!. T A' 25'C 

IFSS Full Scale Symmetry IFS4 - IFS2 ±O,5 ±4.0 ±1 ±8.0 ±2 ±16 ~A 

IZS Zero Scale Current 0.1 1.0 0.2 2.0 0.2 4.0' ~A 

IFSR Output Current Range V-, -5V 0 2.0 2.1 a 2.0 2.1 a 2.0 2.1 mA 
V-, -BV to -18V 0 2.0 4.2 a 2.0 4.2 0 2.0 4.2 mA 

Logic Input Levels 

VIL Logic "0" VLC' OV 0.8 0.8 0.8 V 

VIH Logic "1" 2.0 2.0 2.0 V 

Loglc Input Current VLC' OV 

IlL Logic "0" -lOV::; VIN::; +O.BV -2.0 -10 -2.0 -10 -2.0 -10- ~A 

IIH Logic "1" 2V::; VIN::; +18V 0.002 10 0.002 10 0.002 10 ~A 

VIS logic Input Swing V'" -1SV -10 18 -10 18 -10 18 V 

VTHR Logic Threshold Range Vs == ±15V -10 13.5 -10 13.5 -10 13.5 V 

115 Reference Bias Current -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 ~A 

dlfdt Reference Input Slew Rate (Figure 24) 4.0 8.0 4.0 8.0 4.0 8.0 mA//.ls 

PSSIFS+ Power Supply Sensitivity 4.SV::; V+::; 18V 0.0001 0.01 0.0001 0.01 0.0001 0.01 %/% 
PSSIFS_ -4.5V::; V- <:; 18V 0.0001 0.01 0.0001 am 0.0001 0.01 %1% 

IREF' 1 mA 

Power Supply Current Vs = ±5V, IREF == 1 mA 
1+ 2.3 3.8 2.3 3.8 2.3 3.8 mA 
1- -4.3 -5.8 -4.3 -5.8 -4.3 -5.8 mA 

VS' 5V. -15V, IREF' 2 mA 
1+- 2.4 3.8 2.4 3.8 2.4 3.8 mA 
1- -6.4 -7.8 -6.4 -7.8 -6.4 -7.8 mA 

VS'±15V.IREF'2mA 
1+ 2.5 3.8 2.5 3.8 2.5 3.8 mA 
1- -6.5 -7.8 -6.5 -7.8 -6.5 -7.8 mA 

PD Power Dissipation ±5V. IREF' 1 mA 33' 48 33 48 33 48 mW 
5V. -15V. IREF' 2 mA 108 136 108 136 108 136 mW 
±15V. IREF' 2 mA , 135 174 135 174 135 174 mW 

Note 1: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 125°C. For operating at elevated temperatures, devices 
in the dual-in-line J or 0 package must be derated based on a thermal resistance of 100oe/W, junction to ambient, 17SoC/W for the molded dual-
in-line N package. 
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Block Diagram 
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Equivalent Circuit 
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Typical Performance Characteristics 
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FuJI Seale Current 
vs Raference Current 

TA"TMINTOTMAX 
ALL BITS HIGH 

LIMir FOR f--r-
-v· -15V 1"-<,-f-

1"'-

/ 
/ 

LlMITFOR-f-1/ ...- -Vo-5V - r-
1/ 

o 
IREF - REFERENCE CURRENT ImA) 

FIGURE 3 

Reference Amp 
Common-Mode Range 

TA" TMIN TO TMAX 

A,±BITorl 

I I 
I I 

V=-ISV -V'-SV 'v -ISV 
IREF"'2mA 

IREIF= limA I-

IREF = 0.2 mA_ 

-14 -10 -6 -2 2 6 10 14 lB 

VIS - REFERENCE COMMON-MODE VOLTAGE IV) 

Note. Positive common·mode range is 
always (V+) - 1.5V. 

.. 
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ill .. 
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co 
I 

!? 
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2.4 
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FIGURE 6 

Output Current vs Output 
Voltage (Output Voltage 
Compliance) 

AL'tITSI"ONj' TA 'TMIN TO TMAX 

-V ~ -IJV ~V = ~5V I I 
I I IREF' 2 rnA 

IRJF:l1mA 

I 
IHEF1=oLA 

-14 -10 -6 -2 2 6 10 14 18 

Vo - OUTPUT VOLTAGE IV) 

FIGURE 9 
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LSB Propagation Delay vs I FS 
450 

400 -
350 -
300 
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200 - I LSBo78nA 

ISO 
ILSB·7.B"A 

100 

50 III IJIIIIIII 
III 111111 o 

0.01 0.2 0.050.1 0.02 0.5 I 2 5 10 

IFS - OUTPUT FULL SCALE CURRENT ImAl 

FIGURE 4 

Logic Input Current 
YO Input Voltage 

Il 
II 
II 

-12-1O-8-6-4-20246810121416IB 

Vi - LOGIC INPUT VOLTAGE IV) 

FIGURE 7 

Output Voltage Compliance 
vs Temperature 

-50 50 100 ISO 

TA - TEMPERATURE rCI 

FIGURE 10 
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Reference Input 
Frequency Response 

RI4oRI5olk 
RU;500 
ALL BITS "ON" 
VRI5 = OV 

I"'-

'\. 

~ 

0.1 0.2 0.5 

2 

~~ 
1\ 

FREQUENCY IMHz! 

Curve 1: Cc = 15 pF, VIN = 2 Vp-p 
centered at 1 V . 

10 

Curve 2: Cc = 15 pF, VIN = 50 mVp-p 
centered at 200 mV. 
Curve 3: CC=OpF,VIN=100mVp-p 
at OV and applied through 50 n con
nected to pin 14_ 2V applied to R14. 

FIGURE 5 

1'-0-
I'--.. .... 

-50 50 100 150 

TA - TEMPERATURE 1°C) 

FIGURES 

Bit Transfer Characteristics 

1.4 

.. 1.2 

.!! 
IREF"2mA 

~I .... 
ill .. 

0.8 
~ 
!; 0.6 
I!: 
:> 

0.4 co 
I 

!: 0.2 

~2 
-Y= -15V 

+1r-V=-5V B3 f.-'!. 
B4 

-12-10-8-6 -4-2 0 2 4 6 8 101214 161B 

VL - LOGIC INPUT VOLTAGE IV) 

Note.81-B8 have identical transfer 
characteristics. Bits are fully switched 
with less than 1/2 LSB error, at less than 
fl00 mV from actual threshold. These 
switching points' are guaranteed to lie 
between O.~ and 2V over the operating 
temperature range (V LC = OV). 

FIGURE 11 
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Typical Perfonnance Characteristicsi (Continued) 

Power Supply Current vs +v Power Supply CUrrent vs -v 

ALL BITS HIGH OR LOW ALL BI11I MAY BE HIGH OR LOW 
~I-1-'1- JIIT~ IR~F • ~ mA - f--

I-

~I-~UITJIR~FJJ-f--
-I- I~ WI~H I~EFI. o.~ mA 

Ii 1+ 
I 

o o I 
o 2 4 6 8 ro u " ro ro ~ o -2 -4 -6 -B -10 -12-14-16-18-20 

Vee - POSITIVE POWER,SUPPLY (VI V - NEGATIVE POWER SUPPLY IVI 

FIGURE 12 FIGURE 13 
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Power Supply Current 
VI Temperature 

ALL BITS HIGH OR LOW, 
IREF=2mA I I 

-,-- t--1vL!v 
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I I I 

-~ t-- ~v~ 15~ 
LI I 
I I I 

-50 50 100 

TA - TEMPERATURE eel 

FIGURE 14 

Typical Applications (Continued) 

DIGITAL INPUTS 

Msa LS8\ 
81 B2 B3 84 85 BB B1 BI 

~r 
-v <Y, 

'0 

+VREF 
I FS "'""""ItREF 

255 
x-

256 

10+10 =IFsforall 
logic states 

For fixed reference, TTL operation, 
tYpical values are: 
VREF = 10.000V 
RREF = B.Oook 
R1B'" RREF 
Cc = 0.01 "F 
VLC = OV (Ground) 

FIGURE lB. Basic Positive Reference Operation 

DACDlDO 

'0 

DACDloe 
.11 

"REF o--o--'V\i\,o-t" 
~--------~~~ 

-VREF 255 
IFS"'--- x--

RF!EF 256 

Note. RREF sets IFS; R15 is 
for bias current cancellation 

FIGURE 16. Recommended Full Scale Adjustment Circuit FIGURE 17. Basic Negative Reference Operation 

Full Scale 
Full Scale-LSB ' 
Half Scale+LSB 
Half Scale 
Half Scale-LSB 
Zero Scale+LSB 
Zero Scale 

IREF=ZmA 

Bl B2 B3 

1 1 1 
1 1 1 
1 0 0 
1 0 0 
0' 1 1 
0 0 0 
0 0 0 

DIGITAL, INPUTS . 
Msa us 

B1 8283 B4 B5 BI B7 BI 

14 DACOIOD 

B4 B5 B6 B7 B8 
1 1 1 1 1 
1 1 1 1 0 
0 0 0 0 1 
0 0 0 0 0 
1 1 1 1 1 
0 0 0 0 1 
0 0 0 0 0 

EO 

lamA 

1.992 
1.984 
1.00B 
1,000 
0.992 
O.OOB 
0.000 

FIGURE 18. Basic Unipolar Negative Operation 
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lamA EO Eo 
0.000 -9.960 0.000 
0,008 ~.920 -0.040 
0.984 -5.040 -4.920 
0.992 -B.OOO -4.960 
1.000 -4.960 -5.000 
1.9B4 -0.040 ~.920 

1.992 0.000 ~,960 

1-1-

1+1-

150 



Typical Applications (Continued) 

10' 
10 4 

14 DACDlOO 

ID , ... 
B1 B2 B3 B4 B5 BI1 B7 B8 Eo EO 

Pas. Full Scale 1 1 1 1 1 1 1 1 -9.920 +10.000 
Pas. Full Scale-LSB 1 1 1 1 1 1 1 0 -9.840 +9.920 

Zero Scale+LSB 1 0 0 0 0 0 0 1 -0.080 +0.160 
Zero Scale 1 0 0 0 '0 0 0 0 0.000 +0,080 
Zero Scale-LSB 0 1 1 1 1 1 1 1 +0.080 . 0.000 

Neg. Full Scale+LSB 0 0 0 0 0 0 0 1 +9.920 -9.840 
Neg. Full Scale 0 0 0 0 0 0 0 0 +10.000 -9.920 

FIGURE 19. Basic Bipolar Output Operation 

VREF"'1DV 
10 • 

DAC0800 .. , 

.. . , 
EO 

If RL = RL within 10.05%, output is symmetrical about ground 

B1 B2 B3 B4 B5 B6 B7 B8 EO 

Pas. Full Scale 1 1 1 1 1 1 1 1 +9.920 
Pas. Full Scale-LSB 1 1 1 1 1 1 1 0 +9.840 

(+1 Zero Scale 1 0 0 0 0 0 0 0 +0.040 
(-I Zero Scale 0 1 1 1 1 1 1 1 -0.040 

Neg. Full Scale+LSB 0 0 0 0 0 0 0 1 -9.840 
Neg. Full Scale 0 0 0 0 0 0 0 0 -9.920 

FIGURE 20. Symmetrical Offset Binary Operation 

., 

DAC0800 DTo+JnoRL 

255 
256 IREF 

For complementary output (operation as negative logic CAe), con
nect inverting input of op amp to iQ (pin 21, connect 10 (pin 41 
to ground. 

FIGURE 21. Positive Low Impedance Output Operation 

DA&D8OD 

255 
IFS '" 256 IREF ., 

For complementary output (operation as a negative logic CAe) con
nect non·inverting input of OP amp to 10 (pin 21; connect 10 
(pin 41 to ground. 

FIGURE 22. Negetive Low Impedance Output Operation 
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· Typical Applications (Continued) 

nt,DTL 
YTH+1AV 

8 
T-

1N4141 

lN4t48 

VTH" VlC + UV 
tliV CMOS, HTL. HNll 

VTH-7.BV 

Note. Do not exceed negative logic input range of DAe. 

FIGURE 23. Interfacing with Various Logic Familias 

+YREF 

V,.-Do- .,. 
OAC'" 

(a) IRE F ~ peak negative SWing of II N 

+VREF 

? 
RREF~! OPTIONAL RESISTOR 

~ fOR OFFSET 'NPUTS 

.,. C-------)...J ..... M .... 
o-""'''''",~. --I I. Ivn REO~2011 ., DACOlao 

NO CAP 

Typ!cal values: RIN = 5k. +VIN = 10V 

FIGURE 24. Pulsed Reference Operation 

... DACOlao 

VIN -Do- o-IO ... "'",O",."A_LI-I15 
:=~J::~---' L-_______ J 

(b) +VREF must be above peak positive swing of VIN 

FIGURE 25. Accommodating Bipolar Referencas 

V,. 

'v." 

FOR TURN ''OIIH
, VL .. 2.1V 

FOR TURN '1JFF", VL -UV 

-16V 

FIGURE 26. Settling Time Measurement 
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Typical Applications (Continued) 

.Vo-__ ... .....;I:::.j. Vee 

DM250Z 
SAR 

r-_ ..... _~GND 
00 at 02 Ql 04 os os 07 
345 & 1112 '314 

, .. 0---.... 
t 

8·BIT DIGITAL 
WORD 

M .. o----+++++-+-H 
AI 12 II 10 D I 'J 6 5 

ov S liV ro~~ERSION 
FREE 
RUN 

15V 

•• .... .3 

" 

ANALOG 
INPUT 

VREF n 14 LSI 81 II 15 B4 83 B2MSB .. ~,_ .... _+_ .... ___ ....J 
VR+· 10" 

At DACUlao .. 11 

.". 

" 

'v 
liV 

" 

-ISV ,,., 

-15V 

Note. For 1 ItS conversion time with 8-bit resolution and 7·bit 
accuracy. an LM361 comparator replaces the LM319 and the 
raference current is doubled bV reducing Rl. R2 and R3 to 
2.5 kO and R4 to 2 MO. 

FIGURE 27. A Complete 2/ls Conversion Time. a·Bit AID Converter 
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~National 
~ Semiconductor 

A to 0,0 toA 

DAC0808, DAC0807, DAC0806 8·Bit D/A Converters 
General Description 
The DAC0808 series is an 8-bit monol ithic digital-to
analog converter (DAC) featuring a full scale output 
current settling time of 150 ns while dissipating only 
33 mW with ±5V supplies. No reference current (I RE;F) 
trimming is required for most applications since the full 

. scale output current is typically ±1 LSB of 255 IREFI 
256. Relative accuracies of better than ±0.19% assure 
8-bit monotonicity and linearity while zero level output 
current of less than 4 p.A provides 8-bit zero accuracy 
for I REF ~ 2 mAo The power supply currents of the 
DACOBOB series are independent of bit codes, and 
exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The DACOBOB will interface directly with popular TTL, 
DTL or' CMOS logic levels, and is a direct replacement 
for the MC150B/MC1408. For higher speed applications, 
see DACOBOO data sheet. 

Block and Connection Diagrams 

RANGE 
CONTROL 

MSI LSB 
A1 A2 Al A4 Ai AI A7 AI 

VREfl+lo--H~==~--t==,L-1 

VEE 

Typical Application VCC'"SV 

.'0 

Vee 

COMPEN 

Features 
• Relative accuracy: ±0.19% error maximum 

(DAC0808) 

• Full scale current match: ±1 LSB typ 
• 7 and 6-bit accuracy available (DAC0807, DACOB06) 

• Fast settling time: 150 ns typ 
• Noninverting digital inputs are TTL and CMOS 

compatible 

• High speed multiplying input slew rate: 8 mA/p.s 
• Power supply voltage range: ±4.5V to ± 18V 
• Low power consumption: 33 mW @±5V 

Dual-In-Line Package 

NC(NOTE 3) 
, 

16 CoMPENSAnON 

.N. ., 
15 VREFC-) 

VEE J 
14 YAEF!+) 

'D· • 13 V~C 
DACD808 

MSB A1 • SERIES 12 AI LSI 

A' • 11 A1 

A3 10 AS 

A4 ' A' 

TOP VIEW 

5.000k r-..... ;;..."l. 
HO-...... W_--o lD.ODDV-VREF lMS. A' 

A' • 
AJ 

DIGITAL A4 
INPUTS A5 

A' .. 
LSB AS 

VEE"'-15V 

" 
.. 

1"''-<> __ -' ":' 

a.lpf 

5.QODi 

Vo 
OUTPtJT 

( Al A2 AB) 
VO=10V -+- + -

2 4 "'256 

FIGURE 1. +10V Output Digital to Analog Converter 

Ordering Information 
ACCURACY 

B·bit 

B.lJit 

7-bit 

6·bit 

OPERATING TEMPERATURE 1--=-===-::-::==-_""T"_.......;O;:R:"D~E"'R'-:N":U::::M"iB~E:=:Rc::S""·_....., __ =-=-=-====.,-_ 
RANGE 0 PACKAGE (D16C) J PACKAGE (J16A) N PACKAGE (N16A) 

-55°C:5: TA:5: +125°C DACOBOBLD MC150BLB 
O°C:5: TA:5:.j.75°C 

O°C:5:TA:5:+75°C 

O°C:5:TA:5:+75"C 

DAC080BLCJ MC140BLB 

DACOB07LCJ MC140BL7 

DAC0806LCJ MC1408L6 

DACOBOBLCN MCl408P8 

DACOB07LCN MC140BP7 

DACOB06LCN MC1408P6 

*Note. Devices may be ordered by using eithe~ order number. 
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Absolute Maximum Ratings 
Power Supply Voltage Power Dissipation (Package Limitation) 1000mW 

VCC +18 VDC Derate above T A = 25° C 6.7 mWf'C 

VEE -1BVDC 'operating Temperature Range 
Digital Input Voltage, V5-V12 -10 VDC to +lB VDC DACOBOBL -55°C 5 TA 5 +125°C 
Applied Output Voltage, Vo -11 VDC to +1B VDC DACOBOBLC Series 05TA5+75°C 
Reference Current, 114 5mA Storage Temperature Range -55°C to +150°C 
Reference Amplifier Inputs, V14, V15 VCC, VEE 

Electrical Characteristics 
(Vcc = 5V, VEE = -15VoC, VREF/R14 = 2 rnA, OAC0808: TA = -55"C to +125°C, OAC0808C, OAC0807C, 
OAC0806C, TA = O°C to +75°C, and all digital inputs at high logic level unless otherwise noted.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

E, Relative Accuracv (Error Relative (Figure4) % 

to Full Scale 10) 

DACOBOBlllM1S0B·B), ±0.19 % 

OACOBOBlC (lM140B·B) 

DAC0807lC (lM1408·71. (Note 1) ±0.39 % 
OACOBOSlC (lM140B·S), (Note'1) ±0.7B. % 

Settling Time to Within 1/2 LSB T A = 2SOC (Note 2), 1S0 ns 

(Includes tPlH) (Figure5) 

tPlH, Propagation Delay Time TA = 2SoC, (Figure 5) 30 100 ns 

tPH~ 
TCIO Output Full Scale Current Drift ±20 ppmtC 

MSB Digital Input Logic Levels. (Figure3) 

VIH High Level,Logic "1" 2 VDC 

Vil Low Level, Logic "0" 0.8 VOC 

MSB Digital Input Current (Figure3) 

High Level VIH = SV 0 0.040 rnA 
Low Level Vil = O.BV -0.003 -0.8 mA 

11S Reference Input Bias Current (Figure3) -1 -3 IlA 

Output Current Range (Figure3) 

VEE = -SV 0 2.0 2.1 rnA 

VEE = -1SV, TA = 2SoC 0 2.0 4.2 mA 

10 Output Current VREF = 2.000V, 
R14 = 1000n, 

(Figure3) 1.9 1.99 2.1 rnA 

Output Current, All Bits Low (Figure 3) 0 4 IlA 

Output Voltage Compliance Er :::;0.19%, TA = 2SoC 
Pin 1 Grounded, --D.S5, +0.4 VOC 
VEE Below -lOY , -S.O, +0.4 VOC 

SRI REF Reference Current Slew Rate (Figure 5) 4 B mAills 

Output Current Power Supply -SV:::; VEE:::; -1S.SV O.OS 2.7 IlA/V 
Sensitivity 

Power Supply Current (All Bits (Figure3) 

low) , 

ICC 2.3 22 rnA 

lEE -4.3 -13 mA 

Power Supply Voltage Range TA = 2SoC, (Figure 3) 

VCC 4.S S.O S.S VOC 

VEE -4.5 -lS -1S.S VOC 

Power Dissipation 
All Bits low VCC = 5V, VEE = -SV 33 170 mW 

VCC = SV, VEE = -1SV lOS 30S rnW 

All Bits High VCC = 1SV, VEE = -SV 90 mW 

VCC = 1SV, VEE = -1SV ISO mW 

Note 1: All current switches are tested to guarantee at least 50% of rated current. 
Note 2: All bits switched. 

Note 3: Range control is not required. 
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Typical Performance Characteristics 
Vee = 5V, VEE = -15V, TA = 25°e, unless otherwise noted 
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VEE - NEGATIVE POWER SUPPLY (V) VCC - POSITIVE POWER SUPPL Y (V) 

Unless otherwise specified: R14 = 
R15 = 1 kn,C = 15 pF,pin 16 to VEE; 
RL = 50n, pin 4 to.llround. 

B Curve A: Large Signal Bandwidth 
Method of Figure 7, VREF = 2 Vp-p 
offset 1 V above ground 

10 
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Curve B: Small Signal Bandwidth 
Method of Figure 7, RL = 250n, 
VREF = 50 mVp-p offset 200.mV 
above ground. 
Curve C: Large and Small Signal 
Bandwidth Method of Figure 9 (no 
op amp, RL = 50n), RS ,= 50n, 
VREF = 2V, Vs = 100 mVp-p cen
tered at OV. 
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8 Test Circuits ! 
0 

~ 

r 
....: A2 

.3 

2 DIGITAL A4 
INPUTS AS 

8 •• 
.1 

~ 
., ,,-

:i ... 
! 
! 
0 
c:( 
C 

'I. 

Vee 

IEEt 

VEE 

I·BIT 
COUNTER 

VI and 11 apply to inputs A 1-AB. 

The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. 

IO=K - +- +- +- +- +-- +--
1=-0---.... -0 :O"UT 

( A1 A2 A4 A5 A6 A7 AB) 
2 4 16 32 64 12B 256 

where K '" VREF 
R14 

" 

RL 

and AN = "1" if AN is et high level 

AN = "0" if AN is at low level 

FIGURE 3. Notation Definitions Test Circuit 

FIGURE 4. Relative Accuracy Test Circuit 

2Voc 

""O.I J1F 

1k~ 

FOR SETILING TIME 

'IN 

SETILINGTIME 
'0 fFIGURE 5) 

2AV---r------"' 

DAV 
tpHL =lpLHS:10nl 

O.1V USE RL TO GNO FOR TURN "OfF" 
MEASUREMENT (SEE TEXT! 

1=-0---..... - ... -0.0 :~~~~~MLE~~+~L~r:IJls 
,,-15GMTY' 
T~ %112 LSI 

VEE 

~COS25,PF 

lN4454 (LOW CAPACITANCE, 
FAST RECOVERY DIODEI 

TRANSIENT 
RESPONSE 

-IOOmV---tf''-------'\ 

FIGURE 5. Transient R_onse and Settling Time 
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Test Circuits (Continued) 

Vee 
Yee 

RI4", RI5 

AI 'VREF ..r'"L 
AZ RI4 

IS RIS 
AJ 

A4 

AS 
"::" iii ""lJ' 

A6 

-A7 

A8 RL 

"::" 
SLEWING 

TIME SEE TEXT FOR YALUES OF e 
dl I dV 
dt"=iii dt 

VEE 

FIGURE 6. Reference Current Slew Rate Measurement 

Vee 

RI4", RI5 

AI 

AZ 

A3 -YREF ~ 
A4 

A5 

A6 iii '1....r 
A7 

A8 
RL 

"::" 

SEE TEXT FOR VALUES OF e 

YEE 

FIGURE B. Negative VREF 

Application Hints 

REFERENCE AMPLIFIER DRIVE AND COMPEN· 
SATION 

The reference amplifier provides a voltage at pin 14,for 
converting the reference voltage to a current, and a 
turn·around circuit or current mirror for feeding the 
ladder. The reference amplifier input current, 114, must 
always flow into pin 14, regardless of the set·up method 
or reference voltage polarity. 

Connections for a positive'voltage are shown in Figure 7. 
The reference voltage source supplies the full current 

YS 

RS 

RI4 

FIGURE 7. Positive VREF 

VREF 

When Vs = 0, 114 = 2.0 mA 

[ VREF Vs ] ( ) VO=---+- ARO 
R14 AS 

RO 

eO 

>--4:>-...... E-o va 

FIGURE 9. Programmable Gain Amplifier or Digital Attenuator Circuit 

114- For bipolar reference signals, as in the multiplying 
mode, R 15 can be tied to a negative voltage corres
ponding to the minimum input level. It is possible to 
eliminate R 15 with only a small sacrifice in accuracy 

, and temperature drift. 

The compensation capacitor value must be increased 
with increases in R 14 to maintain proper phase margin; 
for R14 values of 1, 2.5 and 5 kn, minimum capacitor 
values are 15, 37 and 75 pF. The capacitor may be tied 

'to either VEE or ground, but using VEE increases 
negative supply rejection. 
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Application Hints ,(Continued) 

A negative reference voltage may be used if R14 is 
grounded and the reference voltage is applied to R 15 as 
shown in Figure 8, A high input impedance is the main 
advantage of this method. Compensation involves a 
capacitor to Vee on pin 16, using the values of the 
previous paragraph. The negative reference voltage must 
be at least 4V above the Vee supply: Bipolar input 
signals may be handleq by connecting R14 to a positi)le 
reference voltage equal to the peak positive input level 
at pin 15. ' 

When a DC reference voltage is used, capacitive bypass 
to ground is recommended. The 5V logic supply is not 
recommended as a reference voltage. If a well regulated 
5V supply which drives logic is to be used as the refer
ence, R14 should be decoupled by connecting it to 
5V through another resistor and bypassing the junction 
of the 2 resistors with 0.1 /IF to ground. For reference 
voltages greater than 5V, a clamp diode is recommended' 
between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a 
transistor current source, none of the above compensa
tion methods apply and the amplifier must be heavily 
compensated, decreasing the overall bandwidth. 

OUTPUT VOLTAGE RANGE 

The voltage on pin 4 is rest~icted to a range of -0.6 to 
0.5V' when Vee = -5V due to the current switching 
methods employed in the DAC0808. 

The negative output voltage compliance of the DAC0808 
is extended to -5V where the negative supply voltage is 
more negative than -10V. Using a full-scale current of 
1.992 mA and load resistor of 2.5 kn between pin 4 
'and ground will yield a voltage output of 256 levels 
between 0 and -4.980V. Floating pin 1 does not affect 
the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time 
due to increased voltage swing. Values of R L up to 
50012 do ,not significantly affect performance, but a 

'2.5 kn load increases worst-case settling time to 
1.2 /lS (when all bits are switched ON). Refer to the 
subsequent text section on Settling Time for, more 
details on output loading. 

OUTPUT CURRENT RANGE 

The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages more negative 
than -7V, due to the incr~ased voltage drop across the 
resistors in the reference current amplifier. 

ACCURACY 

Absolute accuracy is the measure of each output current 
level with ~espect to its intended value, and is dependent 
upon relative accuracy and full-scale current drift. 
Relative accuracy is the measure of each output current 
level as a fraction of the full-scale current~ The relative 
accuracy of the DAC0808 is essentially constant wit~ 
temperature due to the excellent temperature tracking 

of the monolithic resistor ladder. The reference current 
may drift with temperature, causing a change in the 
absolute accuracy of output current. However, the 
DAC0808 has a very low full-scale current drift with 
temperature. 

The DAC0808 series is guaranteed accurate to within 
±1/2 LS8 at a full-scale output current of 1.992 mA. 
This corresponds to a reference amplifier output current 
drive to the ladder network of 2 mA, with the loss of 
1 LSB (8 /lA) which is the ladder remainder shunted to 
ground. The input current to pin 14 has a guaranteed 
value of between 1.9 and 2.1 mA, allowing some mis
match in the NPN current'source pair. The accuracy test 
circuit is shown in Figure 4. The 12-bit converter is 
calibrated for a full-scale output current of 1.992 mAo 
This is im optional step since the DAC0808 accuracy is 
essentially the same between 1.5 and 2.5 mAo Then the 
DAC0808, circuits' full-scale current is trimmed to the 
same value with R 14 so that a zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to 
construct a 16-bit accuracy D-to-A converter. 16-bit 
accuracy implies a total error of ±1/2 of one part in 
65,536, or ±0.00076%, which is much more accurate 

'than the ±0.019% specification provided by the 
DAC0808. 

MULTIPLYING ACCURACY 

The DAC0808 may be used in the multiplying mode 
with 8-bit accuracy when the reference current is varied 
over a range of 256: 1. If the reference current in the 
multiplying mode ranges from 16 /lA to 4 mA, the 
additional error contributions are less than 1.6 /lA. This 
is well within 8-bit accuracy when referred to full-scale. 

A monotonic converter is one which supplies an increase 
in current for each increment in the binary word. 
Typically, the DAC0808 is monotonic for all values of 
reference current above 0.5 mAo The recommended 
range for operation with a DC reference current is 0.5 to 
4mA. 

SETTLING TIME 

The worst-case switching condition occurs when all 
bits are switched ON; which corresponds to a low-to-high 
transition for all bits .. This time is typically 150 ns 
for settling to within ±1/2 LSB, for 8-bit accuracy, 
and 100 ns'to 1/2 LSB for 7 and 6-bit accuracy. The 
turn OFF is typically under 100 ns. These times apply 
when RL ~ 50012 and Co -s; 25 pF.' 

Extra care must be taken in board layout since this is 
usually the dominant factor in satisfactoy test results 
when measuring settling time. Short leads, 100 /IF 
supply bypassing for low frequencies, and minimum 
scope lead length are all mandatory. 
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~National 
~ Semiconductor 

A to D, D to A 

MICRO-DAC™ DAC0830/083110832 
8-Bit J-tP Compatible, Double-Buffered 0 to A Converters 

General Description 
The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiply
ing DAC designed to interface directly w,lth the 8080, 
8048, 8085, Z-80, and other popular microprocessors_ A 
deposited silicon-chromium R-2R resistor ladder network 
divides the reference current and provides the circuit 
with excellent temperature tracking characteristics 
(0.05% of Full Scale Range maximum linearity error over 
temperature). The circuit uses CMOS current switches 
and control logic to achieve low power consumption 
and low output leakage current errors. Special circuitry 
provides TTL logic input voltage level compatibility. 

Double buffering allows these DACs to output a voltage 
corresponding to one digital word while holding the next 
digital word. This permits the simultaneous updating of 
any number of DACs. 

The DAC0830series are the 8-bit members of a family of 
microprocessor-compatible DAC's (MICRO-DAC'sTM). 
For applications demanding higher resolution, the 
DAC1000 series (10-blts) and the DAC1208 and DAC1230 
(12-bits) are available alternatives. 

Mlcro-Oac Is a trademark of National Semiconductor Corp. 

Typical Application 
CONTROL BUS 

~ 

XFER M 1--:;;':::':"_-, 
I 
C 
g OB7 

~ §OATABUS§ 

S OBO 
LSB 

8080 BUS 

Pin Configuration Top View 

±VREF 

ei 1· 

WR, 

AGND 

01, 

Features 
• Double-buffered, single-buffered or flow-through 

digital data Inputs 

• Easy Interchange and pin-compatible with 12-blt 
DAC1230series 

• Direct Interface to air popular microprocessors 

• Linearity specified with zero and full scale adjust 
only-NOT BEST STRAIGHT LINE FIT. 

• Works with ±10V reference-full 4-quadrant multipli-
cation ' 

iii Can be used in the voltage switching mode 

• Logic Inputs which meet TTL voltage level specs 
(1.4V logic threshold) 

• Operates "STAND ALONE" (without ",P) if desired 

Key Specifications 
• Current settling time 

• Resolution 

• Linearity 
(guaranteed over temp.) 

• Gain Tempco 
• Low power dissipation 

• Single power supply 

"ALLOWS EASY UPGRADE TO 12-BIT DAC1230, 
SEE APPLICATION HINTS 

Vour 

Vee 

lIE (8YTE1IBYm)t 

iiiiii 
XFER 

1 lIs 
8-bits 

8,9, or 10 bits 

0.0002% FS/oC 

20mW 

5t015Voc 

01, DAC0830 01, 

01, 
01, (LS8) 

DAC0831 
01, ' tTHIS IS NECESSARY DAC0832 FOR THE 12-8IT 
01, OAC1230 SERIES TO 

VREF 01, (MS8) 
PERMIT INTERCHANGING 

13 FROM AN 1I-81T TO A 
Rib 12 loun 12-81T DAC WITH !!l!.l!< 

ANO 
DGND 10 11 IOUT1 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings 
Supply Voltage (Veel 17Voe Temperature Range 
Voltage at any digital input VeetoGND Part numbers with 'LCN' suffix O·C to 70·C 
Voltage at VREF Input ±25V Part numbers with 'LC~' suffix -40·Cto +85·C 
Storage temperature range -65·Cto +150·C Part numbers with 'LD' Suffix -55·Cto +125·C 
Package 'dissipation atT A = 25·C (Note 3) SOOmW Voltage at any digital input VccTOGND , 
DC voltage applied to loun or IOUT2 -100mVtoVcc 

(Note 4) 
Lead temperature (soldering, 10 seconds) 300·C 

. 

General Electrical. Characteristics TA = 25·C, VREF = 10.000Voc unless otherwise noted 

, Vcc = 12Voc±S% 
I 

See Vcc = SVDC ± 5% 
Parameter Conditions Note to 15VDe±5% Units 

Min. Typ. Max. Min. Typ. Max. 

Resolution 8 8 8 8 8 8 bits 

Linearity Error Zero and full scale adjusted 4,7 
TMIN < TA < TMAX 6 
-10V" VREF" +10V 5 

OAC0830 0.05 0.05 % of FSR 
DAC0831 0.1 0.1 % of FSR 
OAC0832 0.2 0.2 . % of FSR 

Differential Zero and full scale adjusted 4,7 
Nonlinearity 

, 

TMIN < TA < TMAX 6 

-10V" VREF" + 10V 5 
OAC0830 0.1 0.1 % of FSR 
DAC0831 0.2 0.2 % of FSR 
OAC0832 0.4 0.4 % of FSR 

Monotonicity TMIN < TA < TMAX' 4,6 

-10V" VREF" +10V 5 8 8 8 8 8 8 bits 

Gain Error Using Internal Rib 

-10V" VREF" +10V 5 -1.0 ±0.2 1.0 -1.0 ±0.2 1.0 % of FS 

Gain Error Tempco TMIN < TA < TMAX 6 
USing internal Rib 10 0.0002 0.0006 0.0002 0.0006 % of FS/·C 

Power Supply All ,digital Inputs 
Rejection latched high 

Vee = 14.5V to 15.5V 0.00Q2 % FSRIV 
11.5V to 12.5V 0.0006 % FSRIV 
4.5V to 5.5V 0.0130 % FSRIV 

Reference Input ' 
Resistance 10 15 20 10 15 20 kQ 

Output Feedthrough VREF = 20Vp.p, f = 100kHz 
Error All data Inputs 

latched low 
D Package 9 3 3 mVp.p 
N Package 3 3 mVp.p 

Output loun All data inputs 70 70 pF 
CapaCitance IOUT2 latched low 200 200 pF 

loun All data Inputs 200 200 pF 
IOUT2 latched high 70 70 pF 

Supply Current 
Drain TMIN" fA" TMAX 6 1.2 2.0 1.2 2.0 mA 
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General Electrical Characteristics TA = 2S ·C, VREF = 1 0.000 Voc unless otherwise noted 

Parameter Conditions 

Output Leakage 
·Current 

TMIN" TA " TMAX 
loun All data inputs 

latched low 
IOUT2 All data inputs 

latched high 

Digital Input 
Voltages 

Digital Input 
Currents 

Current Settling 
Time 

ts 

Write and XFER tw 
Pulse Width 

Data Set Up Time tos 

Data Hold Time toH 

Control Set Up tcs 
Time 

Control Hold Time tCH 

TMIN" TA" TMAX' 
Low Level 

LD suffix 
Parts with LCD or 

LCN suffix 

High Level·AII Parts 

TMIN" TA" TMAX 
Digital inputs < 0.8V 
Digital inputs> 2.0V 

VIL = OV, VIH = SV 

VIL=OV, VIH=SV, 
TA=2S·C 

TMIN" TA " TMAX 

VIL = OV, VIH = SV, 
TA=2S·C 

TMIN" TA" TMAX 

VIL=OV, VIH=SV 
TA=2S·C 

.TMIN" TA " TMAX 

VIL = OV, VIL = SV, 
TA=2S·C 

TMIN " TA" TMAX 

VIL = OV, VIH = SV, 
TA=2S·C 

TMIN " TA" TMAX 

See Vce = 12Voc:!: 5% Vec = 5Voc:!: 5% 
Noter-__ to_',15_V~o~e~:!:-r5_% ____ r-__ -' ____ -Y ____ ~ 

6 

11 

6 

6 

8 
10 

10 

10 

10 

10 

Min. Typ. Max. Min.. Typ. Max. 

2.0 

320 
320 

320 
320 

- 90 
90 

320 
320 

10 
10 

100 

100 

0.8 

0.8 

-so -200 
0.1 +10 

1.0 

60 
100 

60 
100 

so 
60 

60 
100 

2.0 

320 
SOO 

320 
SOO 

300 
3S0 

320 
500 

10 
10 

100 

100 

0.6 

0.8 

-so -200 
0.1 +10 

1.0 

2S0 
3S0 

2S0 
3S0 

200 
260 

2S0 
3S0 

Units 

nA 

nA 

Voc 

Voc 

Voc 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifica
tions are not meant to imply that the devices should be operated at these "Absolute Maximum" limits. 

Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact'that there is no 
way to Significantly modify the power dissipation) removes concern for heat sinking. 

Note 4: For current switching applications, both IOUTI and IOUT2 must go to ground or the "Virtual Ground" 01 an operational amplifier. 
The linearity error is degraded by approximately VOS + VREF. For example, if VREF = 10V then a 1 mV offset, Vos, on loun or IOUT2 will 
introduce an additional 0.01 % linearity error. 

Note 5: Guaranteed at VREF = :!:10Voc and VREF= ±1 Voc. 

Note 6: TMIN =O·C and TMAX=70·C for "LCN" suffix parts. 
TMIN= -40·C and TMAX=85·C for ''LC~'' suffix parts. 
TMIN= -55·C and TMAX=125·C lor "LO" suffix parts. 

Note 7: The unit "FSR" stands for "Full Scale Range." "Linearity Error" and "Power Supply Rejection" specs are based on this unit to 
eliminate dependence on a particular VREF value and to indicate the true performance of the part. The "Linearity Error"specification of 
the OACOB30 is"0.05% of FSR (MAX)." This guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 
2.6),the plot of the 256 analog voltage outputs will each be within 0.05% x VREF of a straight line which passes through zero and full 
scale. 

Note 8: This specification implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A 
typical part will operate with tw 01 only 100 ns. The entire write pulse must occur within the valid data interval for the specified tw, tos, 
tOH, and ts to apply. . 

Note 9: To achieve this low feedthrough in the 0 package, the user must ground the metal lid. If the lid is left floating, the feedthrough 
is. typically 6 mV. 

Note 10: Guaranteed by design but not tested. 

Note 11: A 100nA leakage current with Rlb= 20k and VREF= 10V corresponds to a zero error 01 (100 x 10-9 x 20 x 103) x 100110 which is 
0.02% of FS. 
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Definition of Package Pinouts 
Control Signals (All control signals level actuated) 

OS: Chip SeleCt (active I~he OS In combination 
with ILE will enable WR, .. 

ILE: Input Latch Enable (active h!l!!!!:. The ILE in 
combination with ~ enables WR,. . 

WR,: Write 1. The active low WR1 is used to load the 
digital Input data bits (01) into the Input latch. 
The data In the Input latch Is latched when WR, 
Is high. To update the Input latch - CS and 

. WR, must be low while ILE is high. 

WR2: Write 2 (active low). This signal, In combination 
with XFER, causes the 8-blt data which Is avail· 
able In the Input latch to transfer to the OAC 
register. 

XFER: Transfer control Signal (active 10w).The XFER 
will enable WR2' • 

Other Pin Functions 

PI0-DI7: Digital Inputs. 010 Is the least significant bit 
(LSB) and 017 Is the most significant bit (MSB). 

loun: DAC Currant Output 1. loun il? a maximum for 
a digital code of all 1 's in the OAC register, and 
Is zero for all O's In OAC register. 

50% 

50% 

- IOH 
VALID DAC DATA 

50% 

irIS-F: ~SElTLEDTO 
±'hLSB 
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10UT2: DAC Current Output 2. IOUT2 Isa constant 
. minus 10UT1' or loun + IOUT2 = constant (I full 

scale for a fixed reference voltage). 

RIb: Feedback Resistor. The feedback resistor is pro
vided on the IC chip for use as the shunt feed-. 
back resistor for the external op amp which Is 
used to provide an output voltage for the OAC. 
This on-chlp resistor should always be used (not 
an external resistor) since it matches the resis
tors which are used in the on-chip. R-2R ladder 
and tracks these resistors over temperature . 

VREF: Reference Voltage Input. This input connects 
an external precision voltage source to the in
ternal R-2R ladder. VREF can be sele"ted over 
the range of + 10 to -10V. This is also the ana· 
log voltage input for a 4-quadrant multiplying' 
OAC application. 

Vce: Digital Supply Voltage. This is the power supply 
pin for the part. Vcc can be from +5 to + 15Voc. 
Operation is optimum for + 15Voc· 

AGND: Analog Ground. This is the ground for the 
analog circuitry. This pin must always be con
nected to the digital ground potential. 

DGND: Digital Ground. This is the ground for the dig i
tal logic. 



DIGITAL INPUT 

a) End point test after 
zero and Is adj. 

DIGITAL INPUT 

b) Best straight line 

DIGITAL INPUT 

c) Shifting Is adj. to pass 
best straight line test 

Definition of Terms 

Resolution: Resolution Is directly related to the number 
of switches or bits within the DAe. For example, the 
DAC0830 has 28 or 256 steps and therefore has 8·blt 
resolution. 

LInearity Error: Linearity Error Is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It Is measured after adjust· 
ing for zero and full·scale. linearity error Is a parameter 
Intrinsic to the device and cannot be externally adjusted. 

National's linearity "end point test" (a) and the "best 
straight line" test (b,c) used by other suppliers are 
Illustrated above. The "end pOint test" greatly 
simplifies the adjustment procedure by eliminating the 
need for multiple Iterations of checking the linearity and 
then adjusting full scale" until the linearity is met. The 
"end point tesf' guarantees that linearity is met after a 
single full scale adjust. (One adjustment vs. multiple 
Iterations of the adjustment.) The "end point test" uses 
a standard zero and F.S. adjustment procedure and Is a 
much more stringent test for DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity Is a 
measure of the effect of power supply changes on the 
DAC full-scale output. 

Settling Time: Settling time Is the time required from a 
code transition until the DAe output reaches within 
±'laLSB of the final output value. Full-scale settling 
time requires a zero to full-scale or full-scale to zero 
output change. 

Full·Scale Error: Full scale error is a measure of the out
put error between an ideal DAC and the actual device out
put. Ideally, for the DAC0830 series, full-scale Is VREF -1 
LSB. For VREF = 10V and unipolar ~peration, VFULL.SCALE 
= 10.0000V - 39 mV = 9.961V. Full-scale error is adjust
able to zero. 

Differential Nonlinearity: The difference between any 
two consecutive codes in the transfer curve from the 
theoretical 1 LSB is differential nonlinearity. 

Monotonic: If the output of a DAC increases for increas
ing digital input code, then the DAe is monotonic. An 
B·blt DAC which is monotonic to 8 bits simply means that 
increasing digital input codes will produce an increasing 
analog output~ 

r--------------------, 
(MSB) Dl7 

131 18 

01,0-...;1,,-4 1----1 

01,0-...;1;;.5 1----1 

01,0-...:1;;.61--10 8·BIT Q 
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(LSB) DID 0---=-1-----1 

I 
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I 
I 
I 

ILE 
191 Ia 

L---""';-OAGND 

I I 
, I 

11 I 
~ ~~~J I WiI, 0- I 

21 ho 
181 r---o Vee 

WiI'O:~~::::~~~~-~ I 
XFEftO 17 '10 

I 'NOTE: WHEN LE= "1". Q OUTPUTS FOLLOW 0 INPUTS; j.!!!....o OGNO 
L ______ ~E~~~·".:!~A~ ~I~LA~~"-__ J 

Figure 1. DAC0830 Functional Diagram 
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DAC0830 Series Application Hints 
These DAC's are the Industry's first microprocessor 
compatible, double-buffered 8-blt multiplying D to A con
verters. Double-buffering allows the utmost application 
flexibility from a digital control pOint of view. This 20-pin 
device Is also pin for pin compatible (with one exception) 
with the DAC1230, a 12-bit MICRO-DACTM. In the event 
that a system's analog output· resolution and accuracy 
must be upgraded, substituting the DAC1230 can be 
easily accomplished. By tying address bit Ao to the ILE 
'pin, a two-byte lAP wFite instruction (double precision) 
which automatically increments the address for the 
second byte write (starting with Ao="1") can be used. 
This allows either an 8-bit or the 12-blt part to be used 
with no hardware or software changes. For the simplest 
8-bit application, this pin should be tied to Vce (also see 
other uses In section 1.1). 

Analog signal control versatility is provided by a preci
sion R-2R ladder network which allows full 4·quadrant 
multiplication of a wide range bipolar reference voltage 
by an applied digital word. 

1.0 Digital Considerations 

A most unique characteristic of these DAC's is that the 
8·bit digital input byte is double·buffered. This means 
that the data must transfer through two independently 
controlled 8-blt latching registers before being applied 
to the R-2R ladder network to change the analog output. 
The addition of a second register allows two, useful con
trol features. First, any,DAC in a system can simul
taneously hold the current DAC data in one register (DAC 
register) and the next data word in the second register (in
put register) to allow fast updating of the DAc output on 
demand. Second, anI;! probably more important, double-
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buffering allows any number of DAC's In a system to be 
updated to their new analog output levels simultaneously 
via a common strobe signal. 

The timing requirements and logiC level convention of 
the register control signals have been designed to mini
mize or eliminate external Interfacing logic when applied 
to most popular microprocessors and development sys
tems. It is easy to th i nk of these converters as 8·bit 
"write only" memory locations that provide an analog 
output quantity. All inputs to these DAC's meet TTL 
voltage level specs and can also be driven directly with 
high voltage CMOS logic in non-microprocessor based 
systems. To prevent damage to the chip from static dis· 
charge, all unused digital inputs should be tied to Vcc or 
ground. If any of the digital inputs are Inadvertantly left 
floating, the DAC interprets the pin as a logic "1". 

1.1 Double·Buffered Operation 

Updating the 'analog output of these DAC's in a double
buffered manner is basically a two step or·double write 
operation. In a microprocessor system two unique sys
tem addresses must be decoded, one for the input latch 
controlled by the CS pin and a second for the DAC latch 
which Is controlled by the XFER line. If more than one 
DAC is being driven, Figure 2, the CS line of each DAC 
would typically be decoded individually, but all of the 
converters could share a common XFER address to allow 
simultaneous updating of any number of DAC's. The 
timing for this operation is shown, Frgure 3. 

It is important to note that the analog outputs that will 
change after a simultaneous transfer are those from the 
DAC's whose input register had been modified prior to 
the XFER command. 
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Figure 2. Controlling Multiple DAC's 

DATA BUS ~.wac:~: ___ _ 
CI 

\ / 
II 

WR1&M 

\ 
. (INPUT LATCH 

U 

\ 1: DAC REGISTER LATCHED ANALOG OUTPUT ~ 
UPDATED UPDATED' 

mil n \. I ILE=LOBIC "1" 

Figure 3. 

The ILE pin is an active high chip select which can be de· 
coded from the address bus as a qualifier for the normal 
CS signal generated during a write operation. This can 
be used to provide a higher degree of decoding unique 
control signals for a particular DAC, and thereby create 
a more efficient addressing scheme. 

Another useful application of the ILE pin of each DAC in 
a multiple DAC system is to tie these inputs together and 
use this as a control line that can effectively "freeze" the 
outputs of all the DAC's at their present value. Pulling 
this line low latches the input register and prevents new 
'data from being written to the DAC. This can be particu· 
larly useful in multiprocessing systems to allow a pro· 

8·139 

cessor other than the one controlling the DAC's to take 
over control of the data bus and control lines. If this sec· 
ond system were to use the same addresses as those 
decoded for DAC control (but for a different purpose) 
the ILE function would prevent the DAC's from being 
erroneously altered. 

In a "Stand·Alone" system the control signals are gen· 
erated by discrete logic. In this case double·buffering 
can be controlled by simply taking CS and XFER to a 
logic "0", ILE to a logic "1" and pulling WR1 low to load 
data to the input latch. Pulling WR2 'ow will then update 
the analog output. A logic "1" on either of these lines 
will prevent the changing of the analog output. 
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1.2 Single·Buffered Operation 

In a microprocessor controlled system where maximum 
data throughput to the DAC is of primary concern, or 
when only one DAC of several needs to be updated at a 
time, a single·buffered configuration can be used. One 
of the two internal registers allows the data to flow 
through and the other register will serve as the data 
latch.' , 

Digital signal feedthrough (see Section 1.5) is minimized 
if the input register is used as the data latch. Timing for 
this mode is shown In figure 4. 

Single·buffering in a "stand·alone" system is achieved 
by strobing WR1 low to update the DAC with CS, WR2 
and XFER grounded and ILE tied high. 

1.3 Flow·Through Operation 

Though primarily designed to provide microprocessor 
Interface compatibility, the MICRO-DAC's can easily be 
configured to allow the analog output to continuously 
reflect the state of an applied digital Input. This is most 
useful in applications where the DAC is used in a con-. 
tinuous feedback control loop and is driven by a binary 
up-down counter, or In function generation circuits where 
a ROM is contlnuosly providing DAC data. 

Simp'ly grounding CS, WR1, WR2, and XFER and tying 
ILE high allows both internal registers to follow the ap
plied digital Inputs (flow·through) and directly affect the 
DAC analog output. . 

1.4 Control Signal Timing 

When interfacing these MICRO-DAC's to any micropro· 
cessor, there are two important time relationships that 
must be considered to insure proper operation. The first 
is the minimum WR strobe pulse w'ldth which Is specified 
as 500 ns for all valid operating conditions of supply volt
ag\l·and ambient temperature, but typically a pulse width 
of only 100ns is adequate if Vee = 15Voe. A second con
sideration Is that the guaranteed minimum data hold 

Figure 4. 
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time of 90ns should be met or erroneous data can be 
latched. This hold time Is defined as the length of time 
data must be held valid on the digital Inputs after a quali
fied (via CS) WR strobe makes a low to high transition to 
latch the applied data. 

I! the contrOlling device' or system does not inherently 
meet these timing specs the DAC can be treated as a 
slow memory or peripheral and utilize a technique to 

. extend the write strobe.·A simple extension of the write 
time, by adding a wait state, can simultaneously hold the 
write strobe active and data valid on the bus to satisfy 
the minimum WR pulsewidth, If this does not provide a 
sufficient data hold time at the end of the write cycle, a 
negative edge triggered one-shot can be Included be
tween the system write strobe and the WR pin of the 
DAC. This is illustrated in Figure 5 for an exemplary sys· 
tem which provides a 250 ns WR strobe time with a data 
hold time of only 10ns. 

The proper data set·up time prior to the latching edge (LO 
to.HI transition) of the WR strobe, is Insured if the WR 
pulsewidth is within spec and the data is valid on the 
bus for the duration of the DAC WR strobe. 

1.5 Digital Signal Feedthrough 

When data is latched In the internal registers, but the 
digital inputs are changing state, a narrow spike of cur
rent may flow out of the current output terminals. This 

. spike Is caused by the rapid switching of internal logic 
gates that are responding to the input changes. 

There are several recommendations to minimize this ef
fect. When latching data in the DAC, always use the input 
register as the latch. Second, reducing the Vee supply 
for the DAC from + 15 volts to the + 5V offers a factor of 
5 improvement in the magnitude of the feedthrough, but 
at the expense of internal logic switching speed. Finally, 
increasing Ce (Figure 8) to a value consistent with the 
actual circuit bandwidth requirements can provide a· 
substantial damping effect on any output spikes. 
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Figure 5. Accommodat)ng a High Speed System 

2.0 Analog Considerations 
The fundamental purpose of any 0 to A converter is to 
provide an accurate analog output quantity which is 
representative of the applied digital word. In the case of 
the DAC0830, the output, 10UT1' is a current directly pro· 

, portlonal to the product of the applied reference voltage 
and the digital input word. For application versatility, a 
second output, 10U12' is provided as a current directly 
proportional to the complement of the digital input. 
Basically: 

10UTl = 
VREF Digital Input 
15kQ X 256 ; 

IOUT2= 
VREF ,255 - Digital Input 
15i(Q x 256 

where the digital input is the decimal (base 10) equivalent 
of the applied 8·bit binary word (0 to 255), VREF Is the 
voltage at pin 8 and 15kQ is the nominal value of the 
internal resistance, R, of the R·2R ladder network (dis, 
cussed in Section 2.1), 

Several factors externai to the DAC itself must be consi· 
dered to maintain analog accuracy and are covered in 
subsequent sections. 

2.1 The Current Switching R·2R Ladder 

The analog c,ircuitry, Figure 6, consists of a silicon-chro· 
mium (SiCr or Si-chrome) thin film R-2R ladder which is 
deposited on the surface oxide of the monolithic chip, 
As a result, there are no parasitic diode problems with 
the ladder (as there may be with diffused resistors) so 
the reference voltage, VREF, can range -10V to +10V 
even if Vcc tor the device is 5Voc, 

The digitai input code to the DAC simply controls the 
position of the SPOT current switches and steers the 
available ladder current to either 10UT1 or IOUT2 as deter· 
mined by the logic input level ("1" or "0") respectively, as 
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shown in Figure 6. The MOS switches operate in the cur
rent mode with a small voltage drop across them and can 
therefore switch currents of either polarity, This is the 
basis for the 4·quadrant muliplying feature of this DAC. 

2.2 Basic Unipolar Output Voltage 

To maintain linearity of output current with changes in 
the applied digital code, It is Important that the voltages 
at both of the current output pins be as near ground po
tential (OVod as possible, With VREF= +10V every 
millivolt appearing at either 10UT1 or 10U12 will cause a 
0.Q1 % linearity error, In most applications this output 
current is converted to a voltage by using an op amp as 
shown in Figure 7, 

The inverting input of the op amp is a "virtual ground" 
created by the feedback from its output through the in
ternal15 kQ resistor, Rib, All of the output current (deter
mined by the digital input and the reference voltage) will 
flow through Rib to the output of the amplifier. Two· 
quadrant operation can be obtained by reversing the 
polarity of VREF thus causing 10UTl to flow into the DAC 
and be sourced from the output of the amplifier, The out· 
put voltage, in either case, Is always equal to 10UTl X Rib 
and is the opposite polarity of the reference voltage, 

The reference can be either a stable DC voltage souce 
or an AC signal anywhere in the range from -10V to 
+ 10V. The DAC can be thought of as a digitally controlled 
attenuator: the output voltage is always less than or 
equal to the applied reference voltage, The VREF terminal 
of the device presents a nominal impedance of 15kQ to 
ground to external circuitry. 

Always use the Internal Rib resistor to create an output 
voltage since this resistor matches (and tracks with tem· 
perature) the value of the resistors used to generate the' 
output current (IOUT1). 
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2.3 Op Amp Considerations 

The op amp used in Figure 7 should have offset voltage 
nulling capability (See Section 2.5). 

The selected op amp should have as Iowa value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage 
error which can be significant in low reference voltage 
applications. BI·FETTM· op amps are highly recommended 
for use with these DACs because of their very low input 
current. 

Transient response and settling time of the op amp are 
important in fast data throughput applications. The larg· 
est ~tability problem is the feedback pole created by the 
feedback resistance, Rib, and the output capacitance of 
the DAC. This appears from the op amp output to the (-) 
input -and includes the stray capacitance at this node. 
Addition of a lead capacitance, Cc in Figure 8, greatly 
reduces overshoot and ringing at the output for a step 
change in DAC output current. 

Finally, the output voltage swing of the amplifier must 
be greater than VREF to allow reaching the full scale out· 
put voltage. Depending on the loading on the output of 
the amplifier and the available op amp supply voltages 
(only ±12 volts in many development systems), a refer· 
ence voltage less than 10 volts may be necessary to ob· 
tain the full analog output voltage range. 

Figure 7. 

"BI-FET Is a trademark of, National Semiconductor Corporation. 

2.4 Bipolar Output Voltage with a Fixed Reference 

The addition of a second op amp to the previous Circuitry 
can be used to generate a bipolar output voltage from a 
fixed reference voltage. This, in effect, gives sign signi
ficance to·the MSB of the digital input word and allows 
two-quadrant multiplication of the reference voltage. 
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>-4_0 Vour = -(Ioun x Rib) 
V ... (DIGITAL INPUT"o 

, 256 

\ Vos ADJUST 

Vee 

The polarity of the reference can also be reversed to 
realize full 4·quadrant multiplication: ±VREF x ±Dlgital 
Code = :;:VOUT. This circuit is shown in Figure 9. 

This configuration features several Improvements over 
existing circuits for bipolar outputs with other multiply· 
ing DAC's. Only the offset voltage of amplifier 1 has to 
be nulled to preserve linearity of the DAC. The offset 
voltage error of the second op amp (although a constant 
output voltage error) has no effect on linearity. It should 
be nulled only If absolute output accuracy is required. 
Finally, the values of the resistors around the second 
amplifier do not have to match the Internal DAC reSistors, 
they need only to match and temperature track each 
other. A thin film 4-resistor network available from Beck· 
man Instruments, Inc. (part np. 694-3-R10K-D) Is Ideally 
suited for this application. These resistors are matched 
to 0.1% and exhibit only 5ppm/·C resistance tracking 
tempco. Two of the four available 10kQ resistors' can be 
paralleled to form R In Figure 9 and the other two can be 
used independently as the resistances labeled 2R. 

2.5 Zero Adjustment 

For accurate conversions, the Input offset voltage of the 
output amplifier must always be nulled. Amplifier offset 
errors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the volt
age appearing at the DAC outputs as near OVoc as pos· 
sible. This is accomplished for the typical DAC - op 
amp connection (Figure 7) by shorting out Rib, the amp
lifier feedback resistor, and adjusting the Vos nulling 
potentiometer of the op amp until the output reads zero 
volts. This is done .. of course, with an applied digital 
code of all zeros if loun is driving the op amp (all one's 
for IOUT2)' The short around Rib is then removed and the 
converter is zero adjusted. 
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2.6 Full·Scale Adjustment 

In the case where the matching of Rib to the R value of 
the R·2R ladder (typically ±0.2%) is insufficient for full· 
scale accuracy in a particular application, the VREF volt· 
age can be adjusted or an external resistor and potenti. 
ometer can be added as shown in Figure 10 to provide a 
full·scale adjustment. 

The temperature coefficients of the resistors used for 
this adjustment are an important concern. To prevent 
degradation of the gain error tempco by the external 

, resistors, their temperature coefficients 'ideally would 
have to match that of the internal DAC resistors, which 
is a highly impractical constraint. For the values shown 
in Figure 10, if the resistor and the potentiometer each 
had a temperature coefficient of :l:100ppm/·C maximum, 
the overall gain error tempco would be degraded a maxi· 
mum of 0.0025%I·C for an adjustment pot setting of 
less tha'n 3% of Rib' 

2.7 Using the DAC0830 in a Voltage Switching 
Configuration 

The R·2R ladder can' also be operated as a voltage 
switching network. In this mode the ladder Is used In an 
inverted manner from the standard current switching 
configuration. The reference voltage is connected to one 

Cc 

Figure 8. 

INPUT CODE 

MSB ••• LSB 

11111111 
11000000 
10000000 
01111111 

00111111 

00000000 

Figure 9. 

OPAMP Cc Is 
(0 TO FULL SCALE) 

LF356 22 pF 4 ~s 
LF351 22 pF 5 ~S 
LF357' 10 pF 2 ~s 

'2,4kll RESISTOR ADDED FROM t-lINPUT 
TO GROUND TO INSURE STABIU'rY 

lLSB=~ 

IDEAL Vour 

+VREF -VREF 

VREF -1 LSB -IVREFI + 1 LSB 
VREF/2 -IVREFII2 

0 0 
-1LSB +1 LSB 

'_ IVREFI -1LSB IVREFI + 1LSB 
2 2 
-IVREFI + IVREFI 

of the current output terminals (lOLrTl for true binary dig· 
Ital control, IOLrT2 Is for complementary binary) and the 
output voltage is taken from the normal VREF pin. The 
converter output is now a voltage In the range from OV 
to 255/256 VREF as a function of the applied digital code 
as shown In Figure 11. 

Figure 10. Adding Full·Scale Adjustment 
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Figure 11. Voltag. Moda Switching 

This configuration offers several useful application ad· 
vantages. Since the output Is a voltage, an external op 
amp is not necessarily required but the output imped· 
ance of the DAC Is fairly high (equal to the specified ref· 
erence Input resistance of 10kQ to 20kQ) so an op amp 
may be used for buffering purposes. Some of the advan· 
tages of this mode are Illustrated in Figures 12, 13, 14 
and 15. 

There are two Important things to keep In mind when 
using this DAC In the voltage switching mode. The ap· 
plied reference voltage must be positive since there are 
internal parasitic diodes from ground, to the 10Lrn and 
10UT2 terminals which would turn on If the applied refer· 
,ence went negative. There is also a dependence of con· 
version linearity and gain error on the voltage difference 

........ --O+15V Vee 

B VREF 
LM336 

10 

+15V 

30k 

-Voltage switching mode eliminates output signal Inversion 
and therefore a need for a negative power supply. 

-Zero code output voltage Is limited by the low level output 
saturation voltage 01 the op amp. The 2 kQ pull-down resistor 
helps to reduce this voltage. 

-Vos of the op amp has no effect on DAe linearity. 

Figura 12. Single Supply DAC 
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between Vee and the voltage applied to the normal cur· 
rent output terminals. This is a result of the voltage drive 
requirements of the ladder switches. To insure that all 8 
switches turn on sufficiently (so as not to add significant 
resistance to any leg of the ladder and thereby introduce 
additional linearity and gain errors) it Is recommended 
that the applied reference voltage be kept less than 
+5Voc and Vcc be at least 9V more positive than VREF' 
These restrictions Insure less than 0.1 % linearity and 
gain error change. Figures 16, 17 and 18 characterize the 
effects of bringing VREF and Vee closer together as well 
as typical temperature performance of this voltage 
switching configuration. 

........ --C+15V 

-'15 

- VOUT=2.5V(..!?._~ 
128 'l 

LM33& 

-2.&Voe < YoUT < 2.5 Voe(:) 

- Slewing and settling time for a full scale output change 
Is '" l.8~s 

Figure 13. Obtaining a Bipolar Output from a Fixed Relerence 
with a Single Op Amp 



0.4 

§: 0.2 
a: 

i 
l!! 

i 
6 -0.2 

-0.4 

-10V" YoUT" +10V(~~~ 

o .. Voae .. : (2.5V) t 
AV=+8 

Figura 14. Bipolar Output with Incraased Output Voltage Swing 

DACOB3D 
IOUT2 

GNO 12 
10 3 

+15V>-_-o"VMAXYo~UT 

"VMIN • 

o 255 

• Only a single +15V supply required 

+15V 

I:: 
~ 1-

1-----tOk 

CODE (D) 

• Non·lnteractlve full·scale and zero code output adjustments 
I 

• VMAX and VMIN must be .. +5VDC and,. OV. 

1 
• Incremental Output Step = 256 (VMAX - VMIN)· 

• VOUT = ~(VMAX - VMIN) + 255 VMIN 
256 256 

Figura 15. Single Supply DAC with Level Shill and Span· 
Adjustable Output 

Gain and Linearity Error 
Variation va. Supply Voltage 

Gain and Linearity Error 
Variation VB. Referance Voltage 

Gain and Linearity Error 
Variation Y8. Temperatura 

VOLTAGE MODE °'1~J~~lft ER~OR 
VREF=2.5V IVR£F;"5V 

1\ 
r-~ 

-jR£FT2•5V 
if"" 

VREF=5V 

TA=25°C tijERjORr 

0.4 

§: 0.2 

~ 
15 
l!! 
III 
~ 
6-0.2 

-0.4 

VOLTAGE MOD '/ I (--OPERATION 
I J ALINEARITY 

ERROR I Ve~=15V 
Vee=~ .....,.,. I 

Vee = 15V 

"--tee = 12V' 
, 

AGAIN ERROR 

0.100 r.::=:::-:=::-::::==:-r~r---1 

0.075 

§: 0.050 
a: 

0.025 co 
a: a: ... 
l!! 

~ -0.025 1::7-F-+-+:-±::-±=e--+--+--i 
6 -0.050 (--t-t-+ 

TA=25°C 
-0.075 t-t-+-++-t--f'-t---1-j 
-0.100 1--1--'--.1.--'--'---'--'--'--' 

0246810121416 o 2 4 6 10 -55 -35 -15 5 25 45 65 85 105 125 

Vee. SUPPLY VOLTAGE (Voe) 

Figura 18. 

VREF. REfERENCE VOLTAGE (Voe) 

FJgura 17. 

NOTE: For these curves. VAEF Is the voltage applied to pin 
11 (loUT1) with pin 12 (IOUT2l grounded. 
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TA. AMBIENT TEMPERATURE (OC) 

Figura 18. 



2.8 Miscellaneous Application Hints 

These converters are CMOS products and reasonable 
care should be exercised in handling them to prevent 
catastrophic failures due to static discharge. 

Conversion accuracy Is only as good as the applied ref· 
erence voltage so providing a stable source over time 
and temperature changes is an Important factor to con· 
sider. 

A "good" ground is most desirable. A single point ground 
distribution technique ·for analog signals and supply 
returns keeps other devices in a system from affecting 
the output of the DAC's. 

During power·up supply voltage sequencing, the -15V 
(or -12V) supply of the op amp may appear first. This 
will typically cause the output of the op amp to bias 
near the negative supply potential. No harm Is done to 
the DAC, however, as the on-chip 15kQ feedback reSist
tor sufficiently limits the current flow from 10UT1 when 
this lead is Internally clamped to one diode drop below 
ground. 

Careful circuit construction with mlnlm'lzatlon of lead 
lengths around the analog circuitry, Is a primary concern. 
Good high frequency supply decoupling will aid In pre
venting inadvertant noise from appearing on the analog 
output. 

+15Y 

+15Y 

.>:....----.... -0 YOUl 

-15Y 

DAC Controlled Amplifier (Volume Control) 

V -'VIN (256) 
• OUT= --0--

• When 0 = 0, the amplifier will go open loop and the 
output will saturate. 

• Feedback impedance from the -Input to the output 
varies from 15 kQ to co as the Input code changes from 
full-scale to zero. 
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Overall noise reduction and reference stability is of par
ticular concern when using the higher accuracy versions, 
the DAC0830 and DAC0831, or their advantages are 
wasted. 

3.0 General Application Ideas 
The connections for the control pins of the digital input 
registers are purposely omltte!l. Any of the control' for
mats discussed in Section 1 of the accompanying text 
will work with any of the circuits shown. The method 
used depends on the overall system provisions and re
quirements. 

The digital input code is referred to as D and represents 
th,e decimal equivalent value of the 8-bit binary input, for 
example: 

Binary Input 
Pln13 Pin7 
MSB LSB 

11111111 

10000000 
00010000 

00000010 
00000000 

~CEQUIV 
I -

Capacitance Multiplier 

• CEQUlV=Cl G + 2~) 

D 
Decimal Equivalent 

255 
128 

16 

2 
0 

+15Y 

• Maximum voltage across the equivalent capacitance is 

Vo MAX (op amp) 
limited to 256 

1+0 

, • C2 is used to Improve settling time of op amp. 



Rs 

eOUT 

Variable '0. Variable Qo. Constant BW Bandpass Filter 

• 10 ~;QO~(~A{K+A11i;3dbBW-2 A ~~~+:~) 
2nA1C Q + n 1 Q 1 

where C1 =C2=C; K=~and A1 =Aol DAC=15k 
As 

• Ho= 1 for AIN=A4=A1 

• Aange of fa and Q Is == 16 to 1 for circuit shown. The 
range can be extended to 255 to 1 by replacing A1 with a 
second DAC0830 driven by the same digital Input word. 

• Maximum fax Q product should be .. 200 kHz. 

+15V 

SYMMETRY;; 
TRIM 

I 75k 

-15V 
WAVESHAPE/ 
TRIM 

+15V 20r----==~--...... 
IOU·::T1"";';~~:.j 

DAC Controlled Function Generator 

+15V 

15k 

-15V +15V 

2k 

• DAC controls the frequency of sine. square. and triangle 
outputs. 

D 
• f = 256(20k)C for VOMAX = VOMIN of square wave output 

and A1 =3A2. 

• 255 to 1 linear frequency range: oscillator stops with D = 0 

• Trim symmetry and wave·shape for minimum sine wave 
distortion. 
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., r- +15 
L.I -15 

SQUARE WAVE 
OUTPUT 

SINE WAVE 
OUTPUT 



lM334 

INPUT 

IN'lJOl 

2011 

39k 

50011 

H3 
1011 

+ 4mA" lOUT" 20mA 

loUT = VREF[t, + 25:H"-] ~ + t] 

Two Terminal Floating 4 to 20 mA Cu ..... nt Loop Control'" 

• OAC0830 linearly controls the current flow from the Input 
terminal to the output terminal to ba 4 mA (for 0 = 0) to 
19.94 mA (for D = 255). . 

• Circuit ollerates with a terminal voltage differential of 
16V toSSV. 

• P2 adjusts the magnitude of the output current and PI 
adjusts the zero to full scale range of output current. 

• Digital Inp.uts can be supplied from a processor using 
opto Isolators on each Input or the DAe latches can flow
through (connect control lines to pins 3 and 10 of the 
DAC) and the Input data can be set by SPST toggle 

. switches to ground (pins 3 and 10). 
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11 

r VFINAL 

VINITIAL .....J 

IioUT 

--'" VFINAL 

VINITIAL \ 

DAC Controlled exponential Time Response 

• Output responds exponentially to Input changes and auto
matically stops when Your = VIN 

• Output time constant Is directly proportional to the DAC 
Input code and capacitor C 

• Input voltage must be positive (See section 2.7) 
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Ordering Information , , 

Temperature Range OOC to' +70oC -40·C to +85°C -55°C to +125°C 

0.05% FSR DAC0830LCN DAC0830LCD DAC0830LD 
Linearity 

0.10% FSR DAC0831LCN DAC0831 LCD DAC0831LD Error 
0.20% FSR DAC0832LCN DAC0832LCD DAC0832LD 

Package Outline N20A D20A D20A 
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~National 
~ Semiconductor 

A to D, D to A 

MICRO-DAC:™ 
DAC1000/1/2 and DAC1006/7/8, J.LP Compatible, 
Double-Buffered D to A Converters 
General Description 
The DAC1000/1/2 and DAC100S/7/8 are advanced CMOSI 
Si-Cr 10-, 9- and 8-bit accurate multiplying DACs which 
are designed to interface directly with the 8080, 8048, 
8085, Z-80 and other popular microprocessors. These 
DACs appear as a memory location or an 1/0 port to the 
f.lP and no interfacing logic is needed. 

These devices, combined with an external amplifier and 
voltage reference, can be used as standard D/A conver
ters; and they are very attractive for multiplying applica
tions (such as digitally controlled gain blocks) since 
their linearity error Is essentially Independant of the 
voltage reference. They become equally attractive In 
audio signal processing equipment as audio gain con
trols or as programmable attenuators which marry high 
quality audio signal processing to digitally based 
systems under microprocessor control. 

All of these DACs are double buffered. They can load all 
10 bits or two 8-bit bytes and the data format can be 
either right j\lstlfled or left justified. The analog section 
of these DACs is essentially the same as that of the 
DAC1020. 

The DAC1000 series are the 10-blt members of a family 
of microprocessor-compatible DAC's (MICRO-DAC'sTM). 
For applications requiring other resolutions, the DAC0830 
series (8 bits) and the DAC1208and DAC1230 (12 bits) 
are available alternatives. 

Part " 
Accuracy 

(bns) Pin Description 

DAC1000 10 Has all 
DAC1001 9 24 logic 

DAC1002 8 features 

DAC1006 10 For left-
DAC1007 9 20 Justified 

DAC1D08 8 data 

MICRo-OACTM Is a trademark of National Semiconductor Corp. 

Typical Application 
rc CONl~l BUS 

WR 

Features 
• Uses easy to adjusl END POINT specs, NOT BEST 

STRAIGHT LINE FIT 

• Low power consumption 

• Direct interface to all popular microprocessors. 

• Integrated thin film on CMOS structure 

• Double-buffered, single-buffered or flow through 
digital data inputs. 

• Loads two B-bit bytes or a single 10-bit word. 

• Logic inputs'which meet T2L voltage level specs (1.4V 
logic threshold). 

• Works with ±10V reference - full 4-quadrant multi
plication. 

• Operates STAND ALONE (without "P) if desired. 

• Available in 0.3" standard 20-pin and O.S- 24-pin pack
age. 

• Differential non-linearity selection available as spec
lalorder. 

Key SpeCifications 
• Output Current Settling Time ,500ns 

10bits • Resolution 

• Linearity 10,9, and 8 bits 
,(guaranteed over temp.) 

• Gain Tempco -0.0003% of FS/·C 

• Low Power Dissipation 20mW 
(including ladder) 

• Single Power Supply 5to 15Voc 

Byte t/Byte2 1 ! XFER 1 +Vr+II"':_F:_oc_I ______ --, 

i ""DATA BU:: ~. 4 3 ~ICR~'O'~~' 14 12~OUT 1 ~ I VOUT 

~ IT 2DPIN 11/!OUT2~' 

m t 1 l'NOTE: :OR DETAILS OF BUS 
_ V~EF - CONNEcnON SEE SEcnON 6.0 

::>- 80BO BUS 

DAC1 006/1 007/1008 
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00 - Operating Ratings ...... Absolute Maximum Ratings (Notes 1 and 2) -CD Supply Voltage (Vecl 17Voe Temperature Range 

8 Voltage at any digital input VeetoGND Part numbers with 'LCN' suffix O°C to 70°C 
't'"\' Voltage at VREF input ±25V Part numbers with 'LCD' suffix -40°C to +85°C 

0 Storage temperature range -65°C to +150°C Part numbers with 'LD', Suffix -55°C to +125°C 

~ 
Package dissipation at TA = 25°C (Note 3) 500mW Voltage at any digital input VeetoGND 
DC voltage applied to loun or louT2 .-100 mV to Vee. 

(Note 4) 
"C Lead temperature (soldering, 10 seconds) 300°C 
C ~ 

ca 
C\I General Electrical Characteristics TA =25°C, VREF = 1 0.000 Voe unless otherwise noted -..... See 

Vee = 12Voc :tS% 
Vce = SVoc :t 5% - Parameter Conditions to 1SVoc:tS% Units Q Note 

Q Min. Typ. Max. Min. Typ. Max. 
Q 

I (3 Resolution 10 10 bits 
linearity Error Endpoint adjust only 4,7 

~ TMIN < TA < TMAX 6 
-10V <EO; VREF <EO; +10V 5 

DAC1000 and 1006 0.05 0.05 % of FSR 
DAC1001 and 1007 0.1 0.1 % of FSR 
DAC1002 and 1008 0.2 0.2 % of FSR 

Differential Endpoint adjust only 4,7 
Nonlinearity 

TMIN < TA < TMAX 6 
-10V <EO; VREF <EO; +10V 5 

DAC1000 and 1006 0.1 0.1 % of FSR 
DAC1001 and 1007 0.2 0.2 % of FSR 
D~C1002 and 1008 0.4 0.4 % of FSR 

Monotonleity TMIN < TA < TMAX 4,6 
-10V <EO; VREF <EO; +10V 5 

DAC1000 and 1006 10 10 bits 
DAC10Q1 and 1007 9 .9 bits 
DAC1002 and 1008 8 8 bits 

Gain Error Using internal Rrb 
,-10V <EO; VREF <EO; +10V 5 -1.0 ±0.3 1.0 -1.0 ±0.3 1.0 % of FS 

Gain Error Tempco TMIN < TA < TMAX 6 
Using internal Rrb 9 -0.0003 -0.001 -0.0006 -0.002 % of FS/oC 

Power Supply All digital Inputs 
Rejection latched high 

% FSRIV Vee = 14.5V to 15.5V 0.003 0.008 
11.5V to 12.5V 0.004 0.010 % FSRIV 
4.75V to 5.25V 0.033 0.10 % FSRIV 

Reference Input 
Resistance 10 15 20 10 15 20 kQ 

Output Feedthrough VREF = 20Vp.p, f = 100 kHz 
Error All data Inputs 

latched low I 

D Package 130 130 mVp.p 
N Package 90 90 mVp.p 

Output loun All data Inputs 60 60 pF 
Capacitance IOUT2 latched low 250 , 250 pF 

loun All data Inputs 250 250 pF 
IOUT2 latched high 60 60 pF 

Supply Current 
Drain TMIN <EO; TA <EO; TMAX 6 0.5 2.0 0.5 2.0 mA 

Output Leakage TMIN <EO; TA <EO; TMAX 6 
Current IOUT1 Ali data Inputs 

latched low 10 200 200 nA 
IOUT2 All data Inputs 

f latched high 200 200 nA 
Digital Input TMIN <EO; TA <EO; TMAX 6 

Voltages Low level 
LD suffix 0.8 0.6 Vee 
LCD or LCN suffix 0.8 0.8 Vee 

High level (all parts) 2.0 2.0 Vee 
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General Electrical Characteristics TA = 2S DC,. VREF = 10.000Voc unless otherwise noted 

See 
Vcc= 12Voc:tS% 

Vcc = SVoc:t S% 
Parameter Conditions to 1SVoc :t5% Units 

Note 
Min. Typ. Max. Min. Typ. Max. 

Digital Input TMIN" TA" TMAX 6 
Currents Digital inputs < O.BV -40 -1S0 -40 -1S0 "Aoc 

Digital Inputs> 2.0V 1.0 +10 1.0 +10 "Aoc 
Current Settling ts VIL=OV, VIH =SV SOO SOO ns 

Time 

Write and XFER tw VIL=OV, VIH=SV, 
. Pulse Width TA=2S"C B 1S0 60 320 200 ns 

TMIN .. TA" TMAX 9 320 100 SOO 2S0 ns 

Data Set Up Time tos VIL=OV, VIH=SV, 
TA =2S"C 9 1S0 80 320 170 ns 

TMIN" TA .. TMAX 320 120· SOO 2S0 ns 

Data Hold Time tOH VIL=OV, VIH=SV 
TA=2S"C 9 200 100 320 220 ns 

TMIN" TA" TMAX 2S0 120 SOO 320 ns 

Control Set Up tcs VIL=OV, VIL=SV, 
Time TA=2S"C 9 1S0 60 320 180 ns 

TM1N .. TA" TMAX 320 100 SOO 260 ns 

Control Hold Time tCH VIL = OV, VIH = SV, 
TA =2S"C 9 10 0 10 0 ns 

TMIN" TA .. TMAX 10 0 10 0 ns 

Note 1: "Absolute MaxImum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These speclflca· 
tlons are not meant to Imply that the devices should be operated at these "Absolute Maximum" limits. 
Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 
Note 3: This 500 mW specification applies for all packages. The low Intrinsic power dissipation of this part (and the fact that there Is no 
way to significantly modify the power dissipation) removes concern for heat sinking. 
Note 4: For current switching applications, both 10UT1 and IOUT2 must go to ground or the "Virtual Ground" of an operational amplifier. 
The linearity error Is degraded by approximately Vos + VREF. For example, if VREF = 10V then a 1 mVoffset, Vos, on IOUT1 or IOUT2 will 
Introduce an additional 0.01 % linearity error. 
Note 5: Guaranteed at VREF = ±10 Voc and VREF = ±1 Voc. 
Note 6: TMIN =O"C and TMAX=70·C for "LCN" suffix parts. 

TMIN =-40"C and TMAX=85"C for ''LC~'' suffix parts. 
TMIN =-55"C and TMAX= 125"C for "LO" suffix parts. 

Note 7: The unit "FSR" stands for "Full Scale Range." "Linearity Error" and "Power Supply Rejection" specs are based on this unit to 
eliminate dependence on a particular VREF value and to Indicate the true performance of the part. The "Linearity Error" specification of 
the OAC1000 18"0.05% of FSR (MAX)." This guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 
2.6),the plot of the 1024 analog voltage outputs will each be within 0.05% x VREF of a straight line which passes through zero and full 
scale. 
Note 8: This specification Implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320ns. A 
typical part will operate with tw of only lOOns. The entire write pulse must occur within the valid data Interval for the specified tw, tos, 
tOH, and ts to apply. 
Note 9: Guaranteed by design but not tested. 
Note 10: A 200nA leakage current with Rib =20k and VREF= 10V corresponds to a zero error of (200 x 10-9 X 20 x 1(3) x 100+ 10 which 
Is 0.04% of FS. , 

SWitching Waveforms 

cs. BYTElfBYTE2 

DATA BITS 

'---tcs~ tCH I-

VIH~ F 50% . 50% 

::~~~~-1 
50% 50% 

VIL 

i--==tDS==1 tDH I-
:IH~I ~ 

IL i-f--=tS::-\ . 
I (1 FS 

1"-. SETTLED TO 
±1/,LSB 0----" 

8-1S3 

C » 
·0 
..I. 
0 
0 
0 -..I. -N 
D) 
:::s 
Q. 
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0, 
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Typical Performance Characteristics 
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III 
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Errors YS. Supply Voltage 

0.000 A JNEA~ITY E~ROR 
-.025 

;' 

V 
-.050 

-.075 II 
-.100 A BAIN ERROR 

-.125 

5 10 15 

SUPP\.Y VOLTAGE VCC (VOC). 

Control Setup Time, tcs 

500 

400 

I-~NLlov' ' 
,N" 13V,70 jV 

300 

200 

100 

VCC=15V I-
~!c=15V VCCI~OV ),.._ f.--:" 

,.) -~ L---

o 

0.100 

0.075 

~ 0.050 

i 0.025 
ffi~ 
~ 0.000 

~ -0.02& 

! ":'0.050 

-0.075 

Errors YS. Temperature 

1 1 

1 1 

I- - - A lIN~RIJ ER~OR -- '1' "j 
, T"" 

A GAIN ERROR 

1 1 

1 1 
-0.1~55_35_15 5 25 45 65 85 105125 

AMBIENT TEMPERATURE ("C) 

Data Setup Time, tos 

.:. 500 .. 
J? 

~ 400 

V!NLlov' , 

-Vl"TYOJ 

;:: ... 300 :::0 

!il 

! 200 

8 100 

Vce-IOV Vec=15V-
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~ i-

...... 
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o 
-55 -35 -15 5 25 45 65 B5 105 125 -55-35-15 5 25 45 65 85105125 

AMBIENT TEMPERATURE ("C) 

2.4 

2.0 
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=: 1.6 
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'" $I 1.2 
i= .... 
I! O.B 
iii 
is 
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Digital Input Threshold 
vs. Supply Voltage 

I I 
TA=I-55!C --TAI=2~r--~ -T+25~ ---

I I 

TA. AMBIENT TEMPERATURE ("C) 

2.4 

2.0 
e 
E! 1.6 
:z: 
$I 
:z: 1.2 ... .... 
I! 0.8 
i! 

0.4 

0.0 

500 

!: 400 

a: 
~ 300 

ii I; 200 

100 

o 

Write Width, tw 

)NLlov' , 

VIN" i 3V to jV 

Vec=15V-
ve~=Jv Vce=10V D..-i--

f-" 
.)--"\ 

-55-35-155254565 B5105125 

AMIIENT TEMPERATURE (·C)' 

Data Hold Time, tOH 

I 500 
:z: 
J? 
W 400 

'" ;:: 
... 300 

~ 
.... 200 
~ 

,-JINL~OV' , 

VI"",3yO jV 

I J vJeJov 
~~C=15V ..,... 

Vec =5V· 

-~ ~ 

..... -8 100 --
o 
-55-35-15 5 254565 85105125 

TA. AMBIENT TEMPERATURE ("C) 

Digital Input Threshold 
YS. Temperature 

r-- ..... I"-- ...... t--. 
r-- I"--

0.0 10 15 -55-35-15 5 25 45 65 .85 105125 

SUPPLY VOLTAGE Vec (V) 

Block and Connection Diagrams 

(MSI) 019 11 
OIB 10 
017 9 
DiS I 
015 7 
014 21 
013 20 
012 19 
011 lB 

(LSI) 010 17 

DAC1000/l00l/1002 (24·Pln Parts) 

lSi 2nd 
BYTE IYTE 

STROBE STROlE 

XFER 
STROlE 

r-;;;---l-_-t!1;'5 
II 13 ±VREF 

CONTROL LOGIC 

23 

t--~14~IOUT2 
I-t-~ .. IOUTI 

VCC 

GND 

Cs WI iiiii2 XFER IYTE 11 LJI NC 
8YTE 2 iiJ 
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TEMPERATURE ("C) 

DAC1000/l00l/1002 
(24·Pln Parts) 

CS 24 Vec 

LJ/IIJ 23 NC 
WRI 22 Ne 

Byt.l/Byt.2 21 014 

WR2 20 013 

ffiii OAC 1000. 19 012 
1001.1002 

lB 011 015 

016 DID (LSB) 

017 RFB 

DIB 10 VREF 

(MSB) 019 11 10UTl 

GND 12 IOUT2 

70P VIEW 



Block and Connection Diagrams (cont'd) 

DAC1006/1007/1008 (20·Pin Parts) DAC1006/1007/1008 
(20·Pln Parts) 

(MSB) 019 9 MSB 
13 ±VREF 

OIB B 11 IOUT2 
017 7 

12 ~ 20 
016 6 10UTl 

Wii 015 5 10 BIT 19 
014 19 • 0~f~11~m~~R Byte lIBYiiT lB 
013 lB 

XFER 012 17 
01, 16 RFB 015 DAC1006 

(LSB) DID 15 016 
DAC1007 
OAC100B 

017 

OIB 13 
1st 2nd XFER STROBE 

(MSB) 019 12 BYTE BYTE VCC STROBE STROBE 
CONTROL LOGIC GNO 11 

GND 

TOP VIEW 

USE OAC100611007l100B 
CS Wi XFeii BYTE 11 FOR LEFT JUSTIFIED DATA 

BYTE 2 

DAC1 000/1 001/1 002 - Simple Hookup for a "Quick Look" 
+15VDC +15VDC 

~5~ MSB 

• OAC1000 
lK OAC1001 • OAC1002 • 

>"'--..... -oVOUT 

":' LSB 17 VOUT 0 TO VREF(~) 
• A TOTAL OF 10 
INPUT SWITCHES 
" lK RESISTORS -15VOC 

Notes: 

1. For VREF= -10.240Voc the output voltage steps are approximately 10mV each. 
2. Operation is set up for flow through - no latching of digital input data. 
3. Single point ground is strongly recommended. 

DAC1 006/1 007/1 008 Simple Hookup for a "Quick Look" 

Notes: 

+~vocct'\o-~ ____________ ~ 
SWI 

lK +15VOC 

+~ ()-;,.;-",:~.-:.r..K...J-'¥"'..L.-...L.""" 
SW2 ~~~--~ 

lK 

'A TOTAL OF 10 
INPUT SWITCHES 
" lK RESISTORS 

• • • 
LSB 15 

1. For VREF= -10.240Voc the output voltage steps are approximately 10mV each. 

+15VOC 

VOS 
25K 

>...;... ..... -o+YOUT 

o VOC <0 VOUT <o+VREF ~) 

-15YDC 

VCC 

014 

013 

012 

011 
DID (LSB) 

RFB 

VREF 

10UT, 

IOUT2 

2. SWI is a normally closed switch. While SWI is closed, the DAC register is latched and new data can be loaded into the input latch 
via the 10 SW2 switches. When SWI is momentarily opened the new data is transferred from the input latch to the DAC register and 
is latched when SWI again closes. 
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1.0 Definition of Package Pinouts 
1.1 Control Signals (All control signals are level 

actuated.) 

cs: Chip Select - active low, It will enable WR 
(DAC1003-1008) or WR1 (DAC1000-1002). 

WR or WR1: Write - The active low WR (or WR1 -
DAC1000-1002) Is used to load the digital data bits (01) 
Into the Input latch. The data In the Input latch Is 
latched when WR (or WR1) Is high. The 1Q.blt Input latch 

, Is split Into two latches; one holds 8 bits and the other 
holds 2 bits. The BytellByte2 control pin Is used to 
select both Input latches when BytellByte2 = 1 or to 
overwrite the 2-blt Input latch when In the low state. 

WR2: Extra Write (DAC1000-1oo2) - The active low 
WR2 Is used to load the data from the Input latch to the 
DAC register while Xl'tR Is low. The data In the DAC 
register Is latched when WR2 Is high. 

Byte1lByte2: Byte Sequence Control - When this 
control Is high, all ten locations of the Input latch are 
enabled. When low, only two locations of the Input latch 
are enabled and these two locations are overwritten on 
the second byte write. On the DAC1OO6, 1007, and 1008, 
the Byte11Byte2 must be low to transfer the 10-blt data 
in the Input latch to the DAC register. 

XFER:Transfer Control Signal, active low - This signal, 
in combination with others, Is used to transfer the 1Q.blt 
data which Is available In the input latch to the DAC 
register - see timing diagrams. 

LJIif.J: Left Justify/Right Justify (DAC1000-1oo2) -
,When LJ/RJ Is high the part Is set up for left Justified 
(fractional) data format. (DAC1006-1008 have this done 
internally.) When LJIRJ Is low, the part Is set up for right 
Justified (Integer) data. 

1.2 Other Pin Functions 

011 (I = 0 to 9): Digital Inputs - 010 is the least 
significant bit (LSB) and 019 Is the most significant bit 
(MSB). . 

loun: DAC Current Output 1 - lounis a maximum for a ' 
digital input code of all 1s and is zero for a digital input 
code of all OS. 

10UT2: DAC Current Output 2 - louT2 is a constant 
minus loun, or . 

, 1023 VREF 
loun + louT2 = 1024 R 

where R O!! 15kQ. 

DIGITAL INPUT 

a. End Point Test Alter Zero and FS Adj. 
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RFB: Feedback Resistor - This is provided on the IC 
chip for use as the shunt feedback resistor when an 
external op amp is used to provide an output voltage for 
the DAC. This on-chip resistor should always be used 
(not an external resistor) because it matches the 
resistors used in the on·chip R·2R ladder and tracks 
these resistors over temperature. 

VREF: Reference Voltage Input - This Is the connection 
for the external precision voltage source which drives 
the R-2R ladder. VREF 'can range from -10 to +10 volts. 
This is also the analog voltage input for a 4-quadrant 
multiplying DAC application. 

Vcc: Digital Supply Voltage - This is the power supply 
pin for the part. Vee can be from -1;5 to +15Voe. 
Operation is optimum for +15V. The input threshold 
voltages are nearly independent of Vee. (See Typical 
Performance Characteristics and Description in 
Section 3.0, T2L compatible logic inputs.) 

GNO: Ground - the ground pin for the part. 

1.3 Definition of Terms 

Resolution: Resolution is directly related to the number 
of switches or bits within the DAC. For example, the 
DAC1000 has 210 or 1024 step!! and therefore has 10·bit 
resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of 
the DAC transfer characteristic. It is measured after 
adjusting for zero and full-scale. Linearity error is a 
parameter intrinsic to the device and cannot be 
externally adjusted. 

National's linearity test (a) and the "best straight line" 
test (b) used by other suppliers are illustrated below. 
The "best straight line" requires a special zero and FS 
adjustment for each part, which is almost impossible 
for the user to determine. The "end point test" uses a 
standard zero and FS adjustment procedure and is a 
much 'more stringent test for DAC linearity. ' 

Power Supply Sehsitivlty: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full·scale output (which is the worst case). 

DIGITAL INPUT 

b. aa.t Straight Une 



Power Supply Sensitivity: Power supply sensitivity Is a 
measure of the effect of power supply changes on the 
DAC full-scale output (which Is the worst casel_ 

Settling Time: Settling time Is the time required "from a 
code transition until the DAC output reaches within 
± Va LSB of the final output value. Full-scale settling 
time requires a zero to full-scale or full-scale to zero 
output change. 

Full-Scale Error: Full scale error Is a measure of the out
put error between an ideal DAC and the actual device 
output. Ideally, for the DAC1000 series, full-scale Is 

"VREF -1 LSB. For VREF = -10V and unipolar operation, 
VFULL.SCALE = 10.0000V - 9.8mV = 9.9902V. Full'scale 
error is adjustable to zero. 

Monotonlclty: If the output of a DAC increases for In
creasing digital Input code, then the DAC is monotonic. 
A 10-blt DAC with 1Q-blt monotonlcity will produce an 
Increasing analog output when all 10 digital inputs are 
exercised. A 10-blt DAC with 9-bit monotonicity will be 
monotonic when only the most significant 9 bits are 
exercised. Similarly, 8-blt monotonlclty is guaranteed 
when only the most Significant 8 bits are exercised. 

2.0 Double Buffering 
These DACs are double·buffered, microprocessor com
patible versions of the DAC1020 10-bit multiplying DAC. 
The addition of the buffers for the digital Input data not 
only allows for storage of this data, but also provides a 
way to assemble the 10-blt Input data word from two 
write cycles when using an 8-bit data bus. Thus, the 
next data update for the DAC output can be made with 
the complete new set of 10-blt data. Further, the double 
buffering allows many DACs In a system to store 
current data and also the next data. The updating of the 
new data for each DAC Is also not time critical. When all 
DACs are updated, a common strobe signal can then be 
used to cause all DACs to sll{itch to their new analog 
output levels. 

+ vee 

3.0 f2L Compatible Logic Inputs 
To guarantee t2L voltage compatibility of the logic 
inputs, a novel bipolar (NPN) regulator circuit is used. 
This makes the input logic thresholds equal "to the 
forward drop of two diodes (and also matches the 
temperature variation) as occurs naturally in T2L The 
basic circuit is shown in Figure 1. A curve of digital 
input threshold as a function of power supply voltage is 
shown in the Typical Performance Characteristics 
section. 

4.0 Application Hints 
The DC stability of the VREF source is the most impor
tant factor to maintain accuracy of the DAC over time 
and temperature changes. A good single point ground 
for the analog signals is next in Importance. 

These MICRO·DACTM converters are CMOS products 
and reasonable care should be exercised in handling 
them prior to final mounting on a PC board. The digital 
inputs are protected, but permanent damage may occur 
if the part is subjected to high electrostatic fields. Store 
unused parts in conductive foam or anti-static rails. 

4.1 Power Supply Sequencing & Decoupling 

Some IC amplifiers draw excessive current from the 
Analog inputs to V- when the supplies are first turned 
on. To prevent damage to the DAC - an external 
Schottky diode connected from IOUT1 or IOUT2 to ground 
may be required to prevent destructive currents inloun 
or 10UT2' If an LM741 or LF356 is used - these diodes 
are not required. 

The standard power supply decoupling capacitors which 
are used for the op amp are adequate for the DAC. 

4.2 Op Amp Bias Current & Input Leads 

The op amp bias current (Ie) CAN CAUSE DC ERRORS. 
BI·FETTM op amps have very low bias current, and there-

13 + HTHN) 
/' VilAS 

ITO OTHER INPUTS) 

e'iitiSToGic 

LOGIC INPUT 

o s- -VyHRESHDLD=~ 
Figure 1. Basic Logic Threshold Loop 
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fore the error introduced is negligible. BI-FETTM op amps 
are strongly recommended for these OACs. 

The distance from the 10UT1 pin of the OAC to the invert
Ing input of the. op amp should be kept as short as pas· 
sible to prevent inadvertent noise pickup. . 

5.0 Analog Applications 
The analog section of these OACs uses an R-2R ladder 
which can be operated both in the current switching 
mode and in the voltage switching mode. 

The major product changes (compared with the OAQ1020) 
have been made in the digital functioning of thll OAC. 
The analog functioning is reviewed here for complete
ness. For additional analog applications, such as multi
pliers, attenuators, digitally controlled amplifiers and 
low frequency sine wave oscillators, refer to the OAC1020 
data sheet. Some basic circuit ideas are presented in this 
section in addition to complete applications circuits. 

5.1 Operation in Current Switching Mode 

The analog circuitry, Figure 2, consists of a silicon
chromium (Si-Cr) thin film R-2R ladder which is 
deposited on the surface oxide of the monolithic chip. 
As a result, there is no parasitiC diode connected to the 
VREF pin as would· exist if diffused resistors were used. 
The reference voltage input (VREF) can therefore range 
from -10Vto +10V. 

The digital input code to the OAC simply controls the 
position of the SPOT current switches, SWO to SW9. A . 
logical 1 digital Input causes the current switch to steer 

(MSBI 019 
D 

R 

DIB 
1 

R 

the available ladder current to the 10UT1 output pin. 
These MOS switches operate in the current mode with a 
small voltage drop across them and can therefore 
switch currents of either polarity. This is the basis for 
the 4-quadrant multiplying feature of this OAC. 

5;1.1 Providing a Unipolar Output Voltage with the 
DAC In the Current Switching Mode 

A voltage output is provided by making use of an 
external op amp as a current-to-voltage converter. The 
idea is to use the internal feedback resistor, RFB, from 
the output of the op amp to the inverting (-) input. Now, 
when current is entered at this inverting input, the 
feedback action of the op amp keeps that input at 
ground potential. This causes the applied input current 
to be diverted to the feedback resistor. The. output 
voltage of the op amp is f9rced to a voltage given by: 

Vour = -(IOUT1 x RFB) 

Notice that the sign of the output voltage depends on 
the direction of current flow through the feedback 
resistor. 

In current switching mode applications, both current 
output pins (lOUT1 and 10UT2) should be operated at 
OVoc. This is accomplished as shown in Figure 3. The 
capacitor, Cc, is used to compensate for the output 
capacitance of the OA'c and the input capacitance of 
the op amp. The required feedback resistor, RFB, Is 
available on the chip (one end Is internally tied to IOUT1) 
and must be used since an external resistor will not 
provide the needed matching and temperature tracking. 
This circuit can therefore be simplified as shown. in 

DIGITAL INPUT CODE 

017. • • •• 011 

D 0 
DID (LSBI 

1 
TERMINATION 

R 
:t VREF··o-...... ~MI ..... -t'\MI~~- - - - - .... '"""'oMlf"'1~.JVVY.., 

+VREF 

2R ":' 

RIB 

L--+-I--+-I---+~-+""_~-oIOUTl 

'---.... --... ----... --.... ----<lIOUT2 
ROI15k2 

Figure 2. Current Mode Switching 

Vee 
( + 15Vocl 

(INTERNAL) RFB lOUT 1 

Ce 

MICRD-DAC > ..... -OVOUT = -(lOUTl X RIBI 

\I 

24 4 
10 Uk 1.5 

Figure 3. Converting lOUT to VOUT 
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Figure 4, where the sign of the reference voltage has 
been changed to provide a positive output voltage. Note 
that the output current, 10Ull, now flows through the 
RFB pin. 

5.1.2 Providing a Bipolar Output Voltage with the 
DAC in the Current Switching Mode 

The addition of a second op amp to the circuit of Figure 
4 can be used to generate a bipolar output voltage from 
a fixed referent;:e voltage (Figure 5). This, In effect, gives 
sign significance to the MSB of the digital input word to 
allow two quadrant multiplication of the reference 
voltage. the polarity of the reference can also be 
reversed to realizethe full four·quadrant multiplication. 

The applied digital word is offset binary which includes 
a code to output zero volts without the need of a large 
valued resistor common to existing bipolar multiplying 
OAC circuits. Offset binary code can be derived from 2's 
complement data (most common for signed processor 
arithmetic) by inverting the state of the MSB In either 
software or hardware. After doing this the output then 
responds in accordance to the following expression: 

o 
Vo = VREF x 512 

2's Compo 
(Decimal) 

+511 

+256 

0 
-1 

-256 

-512 

with: 1 LSB =I~~~I 

2's Compo 
(Binary) 

0111111111 

0100000000 

0000000000 

1111111111 

1100000000 

1000000000 

-VREF 

Applied 
Digital Input 

1111111111 

1100000000 

1000000000 

0111111111 

0100000000· 

0000000000 

VCC 

(+15Vocl 

MICRO·OAC 

10UTl 

where VREF can be positive or negative and 0 is the signed 
decimal equivalent of the 2's complement processor data. 
(-512 .. 0 .. +511 or 1000000000 .. 0 .. 0111111111). If 
the applied digital input is interpreted as the decimal 
equlvalentr: ~ ;:~\ binary word, Your can be found by: 

VO=VREF\512) 0 .. .0 .. 1023 

With this configuration, only the offset voltage of ampli· 
fier 1 need be nulled to preserve linearity of the OAC. The 
offset voltage error of the second op amp has no effect 
on linearity. It presents a constant output voltage error 
and should be nulled only if absolute accuracy is needed. 
Another advantage of this configuration is that the values 
of the external resistors required do not have to match 
the value of the internal OAC resistors; they need only to 
match and temperature track each other. 

A thin film 4 resistor network available from Beckman 
Instruments, Inc. (part no. 694-3-R10K-O) is ideally 
suited for this application. Two of the four available 10 kQ 
resistor can be paralleled to form R in_ Figure 5 and the 
other two can be used separately as the resistors la· 
beled 2R. 

Operation is summarized in the table below: 

Applied 
True Binary Vour 
(Decimal) +VREF -VAEF 

1023 VREF-1 LSB -IVREFI + 1 LSB 
768 VREF/2 -IVREFI/2 
512 0 0 
511 -1 LSB +1 LSB 

256 -VREF/2 +IVREFI/2 
0 -VREF +IVREFI 

VOUT 

o voc .. VOUT .. + VREF CfIm 
Figure 4. Providing a Unipolar Output Voltage 

Vce 

±VReF MICRO·OAC 

~ ________ ~G,N~D_I_OU,T'~~---1~ VOUT 

Figure 5. Providing a Bipolar Output Voltage with the DAC in the Current Switching Mode 
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5.2 Analog Operation in the Voltage Switching 
Mode 

Some useful application circuits result if the R-2R ladder 
is operated in the voltage switching mode. There are two 
very important things to remember when using the DAC 
In the voltage mode. The reference voltage (+V) must 
always be positive since there are parasitic 'diodes to 
ground on the loun, pin which would turn on if the 
reference voltage went negative. To maintain a degrada
tion of linearity less than ±G.005%, keep +V" 3Voc 
and Vcc at least 10V more positive than +V. Figures 6 
and 7 show these errors for the voltage switching mode. 
This operation appears unusual, since a reference 
voltage (+ V) is applied to the loun pin and the voltage 
output is the VREF pin. This basic idea is shown in 
Figure 8. . 

This VOUT range can be scaled by use of a non-inverting 
gain stage as shown in Figure 9. 

+.1 

-l +.05 
Il LINEARITY ERROR I 

I 
'" '" '" !Ii 0 !!; 
IU 

.......r 
Il GAIN ERROR ....... 

CD 

:Ii ,. -.05 ... 

-.1 
'- VCri5V 

01234567 

REFERENCE VOLTAGE. +V (VOC) 

Figure 6. 

(MSB) Dig 018 

0 

(VREF) R R 
VOUT 

Notice that this is unipolar operation since all voltages 
are positive. A bipolar output voltage can be obtained 
by using a single op amp as shown in Figure 10. For a 
digital input code of all zeros, the output voltage from 
the VREF pin is zero volts. The external op amp now has 
a single Input of +V and is operating with a gain of -1 
to this input. The output of the op amp therefore will be 
at - V for a digital input of all zeros. As the digital code 
increases, the output voltage at the VREF pin increases. 

Notice that the gain of the op amp to voltages which are 
applied to the (+) input is +2 and the gain to voltages 
which are applied to the input resistor, R, is -1. The 
output voltage of the op amp depends on both of these 
Inputs and is given by: 

VOUT = (+V)(-1)+VREF(+2) 

+.1 

, Il LINEARITY ERROR , l +.05 

'" 
~ "-
!!; 

III 
,- Il GAIN ERROR 

~ -.05 ... 
'-Y=jV 

-.1 0 2 4 8 8 10 12 14 18 

SUPPLY VOLTAGE. Vce (VDC) 

Figure 7. 

DIGITAL INPUT CODE 
017 _____ 

011 010 (LSB) 
0 0 1 

-----

Figure 8. Voltage Mode Switching 

VCC 
( +15VOC) 

+V 
........ ~-;....O(2.500VOC) 

VOUT MICRO-OAC "VREF" 

R2 

OVOC" VOUT" +2.5VOC (1 + Rl)(OO) 

Figure 9. Amplifying the Voltage Mode Output (Single Supply Operation) 
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Vcc 

"VREF" 

+V 
( +2.500 Vocl 

(LM3361 

-2.5VoC ~ VoUT ~ 2.5VOC (:~}) 

~..,...._VoUT 

Figure 10. Providing a Bipolar Output Voltage with a Single Op Amp 

+V 
(+2.50oVocl 

"VREF" ">-'~OVOUT 

o ~ VOAC ~ +2.5 VUC G~m 

Figure 11. IncreBslng the Output Voltage Swing 

The output voltage swing can be expanded by adding 2 
resistors to Figure 10 as shown In Figure 11. These added 
resistors are used to attenuate the + V voltage. The 
overall gain, Av( -), from the + V terminal to the output of 
the op amp determines the most negative output voltage, 
-4( + V) (when the VAEF voltage at the + Input of the op 
amp is zero) with the component values shown. The com· 
plete dynamic range of VOUT is' provided by the gain 
from the (+) input of the op amp. As the voltage at the 
VAEF pin ranges from OV to +V(102311024) the output of 
the op amp will range from -10Voc to +10V(1023/1024) 
when using a +V voltage of + 2.500 Voc. The 2.5Voc 
reference voltage can be easily developed by using the 
LM336 zener which can be biased through the RFB 
Internal resistor, connected to Vcc. 

5.3 Op Amp Vos Adjust (Zero Adjust) for Current 
Switching Mode 

Proper operation of the ladder requires that all of the 2R 
legs always go to exactly OVoc (ground). Therefore 
offset voltage, Vos, of the external op amp cannot be 
tolerated as every millivolt of Vos will Introduce 0.01% 
of added linearity error. At first this seems unusually 
sensitive, until it becomes clear the 1 mV is 0.Q1 % of the 
10V reference! High resolution converters of high 
accuracy require attention to every detail in an 
application to achieve the available performance which 
Is inherent in the part. To prevent this source of error, 
the Vos of the op amp has to be initially zeroed. This Is 
the "zero adjust" of the DAC calibration sequence and 
should be done first. 
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If the Vos is to be adjusted there are a few points to 
consider. Note that no "dc balancing" resistance 
should be used in the grounded positive Input lead of 
the op amp. This resistance and the input current of the 
op amp can also create errors. The low input biasing 
current of the BI·FETTM op amps makes them ideal for 
use in DAC current to voltage applications. The Vos of 
the op amp should be adjusted with a digital input of all 
zeros to force lOUT = 0 mAo A 1 KQ resistor can be 
temporarily connected from the inverting Input to 
ground to provide a dc gain of approxfmately 15 to the 
Vos of the op amp and make the zeroing easier to sense. 

5.4 Full·Scale Adjust 

The full·scale adjust procedure depends on the applica' 
tion circuit and whether the DAC is operated in the cur· 
rent switching mode or in the voltage switching mode. 
Techniques are given below for all of the possible appli· 
cation circuits. 

5.4.1 Current Switching with Unipolar Output Voltage 

After dOing a "zero adjust," set all of the digital input 
levels HIGH and adjust the magnitude of VAEF for 

. 1023 
VOUT = -(Ideal VAEF) 1024 

This completes the DAC calibration. 
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5.4.2 Current Switching with Bipolar Output Voltage 

The circuit of Figure 12 shows the 3 adjustments needed. 
The first step is to set all of the digital Inputs LOW (to 
force 10lITl to 0) and then trim "zero adj." for zero volts 
at the inverting Input (pin 2) of OA1. Next, with a code of 
all zeros stili applied, adjust "-FS adj.", the reference 
voltage, for VOlIT = ±I(ideal VREF)I. The sign of the output 
voltage will be opposite that of the applied reference. 

Finally, set all olthe digital. Inputs HIGH and adjust "+FS 
adj." for VOUT = VREF (511/512). The sign of the output at 
this time will be the same as that olthe reference voltage. 
The addition of the 200Q resistor in series with the VREF 
pin of the DAC is to force the circuit gain error from the 
DAC to be negative. This insures that adding resistance 
to R'b, with the 5000 pot, will always compensate the 
gain error of the DAC. 

I-FS ADJ) 
±YaEF 

200 

I+FS ADJ) 
500 

5.4.3 Voltage Switching with a Unipolar Output 
Voltage . 

Refer to the circuit of Figure 13 and set all digital inputs 
LOW. Trim the "zero adj." for VOUT = OVoc ± 1 mV. Then 
set all digital inputs HIGH and trim the "FS Adj." for: 

f. Rl) 1023 
VOlIT '" (+V),X +R; 1024 

5.4.4 Voltage Switching with a Bipolar Output Voltage 

Refer to Figure 14 and set all digital inputs LOW. Trim 
the" - FS Adj." for Vour = -2.5 Voc. Then set all digital 
inputs HIGH and trim the "+ FS Adj." for VOlIT = +2.5 
(511/512) Voc. Test the zero by setting the MS digital 
input HIGH and all the rest LOW. Adjust Vos of amp #3, 
If necessary, and recheck the full·scale val ues. 

~ _ .. -Your 

-VHEF .. Your .. +VHEF~ 

Figure 12. Full Scale Adjust - Currant Sw!tchlng with Bipolar Output Voltaga 

"YHEF" 

Vcc 
1+15VOC) 

MICHO·OAC 

H2 H1 --FS ADJ. 

>.:=--...... -0 Vour 

OYoc " Your" 1.5YOC (1 + AMID) 

Figura 13. Full Scale Adjust - Unipolar Output Voltage 
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+V 
(2.56VOC) 

+FS ADJ. -FS A~J. 
. R' MATCH TO 0.01 % /+ 002 ~ ........ +,.......; t-+ R' R' 

r- MICRO·OAC ~ I ~n ~~"rv 1 
15K 15K 

>""'00' 
F '--

(511) -2.5V" VOUT" 2.5 ill V 

Flgu~e 14. Voltage Switching with a Bipolar Output Voltage 

6.0 Digital Control Description 
The DAC1000 series of products can be used in a wide for simultaneous transfer, or updating, of more than one 
variety of operating modes. Most of the options are DAC. 
shown in Table I. Also shown in this table are the 

For operating without a fAP in the stand alone mode, section numbers of this data sheet where each of the 
operating modes is discussed. For example, if your three options are provided: 1) using only a single digital 

main interest is interfacing to a fAP with an S-bit data bus data buffer, 2) using both digital data buffers - "double 

you will be directed to Section 6.1.0. buffered," or 3) allowing the input digital data to "flow 
through" to provide the analog output without the use 

The first consideration is "will the DAC be interfaced to of any data latches. 
a fAP with an S-bit or a 16-bit data bus or used In the 

To reduce the required reading, only the applicable stand-alone mode?" For the S-bit data bus, a second 
selection is made on ho,w the 2nd digital data buffer (the sections of 6.1 through 6.4 need be considered. 

DAC Latch) is updated by a transfer from the 1st digital 6.1 Interfacing to an 8·Bit Data Bus 
data buffer (the Input Latch). Three options are 
provided: 1) an automatic transfer when the 2nd data Transferring 10 bits of data over an B-bit bus requires 
byte is written to the DAC, 2) a transfer which is under two write cycles and provides four possible combina· 
the control of the fAP and can include more than one tions which depend upon two basic data format and 
DAC in a simultaneous transfer, or 3) a transfer which is protocol decisions: 
lInder the control of external logic. Further, the data 1. Is the data to be left justified (considered as frac-
format can be either left justified or right justified. tional binary data with the binary point to the left) or 
When interfacing to a fAP with a 16·bit data bus only two right justified (considered as binary weighted data 
selections are available: 1) operating the DAC with a with the binary point to the right)? 
single digital data buffer (the transfer of one DAC does 2. Which byte will be transferred first, the most signifi-
not have to be synchronized with any other DACs in the cant byte (MS byte) or the least significant byte (LS 
system), or 2) operating with a double digital data buffer byte)? 

Tabla 1. 

~e Automatic Transfer jlP Control Transfer External Transfer 

Section Figure No. 
Section 

Figure No. 
Section 

Figure No. 
Data Bus (24·Pln) (20-Pin) (24-Pln) (20·Pln) (24·Pln) (20·Pin) 

B-Bit Data Bus (6.1.0) 

Right Justified (6.1.1) 6.2.1 16 6.2.2 16 6.2.3 16 

Left Justified (6.1.2) 6.2.1 17 1S 6.2.2 17 18 6.2.3 17 18 

Single Buffered Double Buffered Flow Through 
Hl·Blt Data Bus (6.3.0) 

6.3.1 19 20 6.3.2 19 20 Not Applicable 

Single Buffered Double Buffered Flow Through 
Stand Alone (6.4.0) 

" 6.4.1 19 20 6.4.2 19 20 6.4.3 19 NA 
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These data possibilities are shown in Figure 15. Note 
that the Justification of data depends on how the 10·bit 
data word Is located within the 16-bit data source (CPU) 
register. In either case, there is a surplus of 6 bits and 
these are shown as "don't care" terms ("X") in this 
figure. 

All of these DACs load 10 bits on the 1st write cycle. A 
particular set of 2 bits is then overwritten on the 2nd 
write cycle, depending on the justification of the data. 
This requires the 1st write cycle to contain the LS or LO 
Byte data group for all right justified data options. For 
all left justified data options, the 1st write cycle must 
contain the MS or Hi Byte data group. 

6.1.1 Providing for Optional Data Format 

The DAC1000/1/2 (24·pin parts) can be used for either 
data formatting by tying the LJ/R.i pin either high or 
low, respectively. A Simplified logic diagram which 
shows the external connections to the data bus and the 
internal functions of both of the data buffer registers 
(Input Latch and DAC Register) Is shown in Figure 16 for 
the right justified data operation. Figure 17 is for left 
justified data, . . 

6.1.2 For Left Justified Data 

For applications which require left justified data, 
DAC1006-1008 (20·pin parts) can be used. A simplified 
logic diagram which shows the external connections to 
the data bus and the Internal functions of both of the 
data buffer registers (Input Latch and DAC Register) is 
shown in Figure 18. These parts require the MS or Hi 
Byte data group to be transferred on the 1st write cycle. 

6.2 Controlling Data Transfer for an 8·Blt Data 
Bus 

Three operating modes are possible for controlling the 
transfer of data from the Input Latch to the DAC 
Register, where it will update the analog output voltage. 
The simplest is the automatic transfer mode, which 
causes the data transfer to occur at the time of the 2nd 
write cycle. Thi~ is recommended when the exact timing 
of the changes of the DAC analog output are not 
critical. This typically happens where each DAC is 
operating individually In a system and the analog 
updating of one DAC Is not required to be synchronized 
to any other DAC. For synchronized DAC updating, two 
options are provided: liP control via a common XFEFi 
strobe or external update timing control via an external 
strobe. The details of. these options are now shown. 

1*1 '---8-IIT aYTE----+---8-alT aYTE-----i 

1----HlaYTE---~I__---LOaYTE----

IMsaEHLEfT:JUST!FlEOfATAEf+sal x I x I x I x I x I x I 
1 HIIYTE 1 LO aYTE , 1 

I x I x I x I x I x I x IMSBE++++IEO:DATfHLSal 
Flgur~ 15. Fitting a 10·Bit Data Word into 16 Available Bit Locations 

DAC1000/1001/1002 (24'Pin Parts) 

"I DI9 (MSal 

oa 
I 

91 
I 
7 

a'.IT~_~ta'.~'T ~~J DATABUS, ~~g~ , 
17 

III<> DI$ 
a,..lIljii"lo-.p...---r"\ 

~::~~~~~~ ____ --1 

TO 
CURRENT SWITCHES 

Figure 16. Input Conl!ections and Controls 'or DAC1000-1002 Right Justified ·Data.Option 
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DAC1000/1001/1002 (24'Pin Parts) 

~;~~I'~DI9~(MiSB)~~~~:l 
10 
9 
B B-BIT 

B·BIT 7 INPUT 
DATA BUS 21 LATCH 

20 
19 

DB", , 01", (LSB) 

TO 
CURRENT 

SWITCHES 

, . 
17 , 
.' ByI.lIlr,ii1o--''t-----r""''''l 

~:=~~)-L=~----~ 

(~)mma::j~t==>------------------------~ WR20 

I 
,I 

V+OUliiJl, (INTERNAL LOGIC IS SHOWN FOR 
LF/RJ= I-LEFT JUSTIFIED) 

!.llilL 
rum WHEN: 

llTl:R Efm[E = 1 ,Q 
OUTPUTS FOLLOW 0 INPUTS. 
IJITCII Efm[E=0, DATA 
AT 0 IS LATCHED. 

I 
Figure 17. Input Connections and Controls for DAC1000-1002 Left Justified D~ta Option 

DB7 

a.BIT 
DATA BUS 

DB", 

Byi. 1I1iD! 

fS 
WIt 

DAC100611007/100B (20'Pin Parts for Left Justified Data) 

I , 
Dig (MSB) 9 

8 
7 
& 
5 
1 
lB 
1 

I 
01", (LSB) 

1&' 
15 

B·BIT 
INPUT 
LATCH 

WHEN: 

TO 
CURRENT 
SWITCHES 

iAffil Em[E = 1 ,Q 
OUTPUTS FOLLOW D INPUTS. 
IJITCII Efm[E = D, DATA 
AT 0 IS LATCHED. 

Figure lB. Input Connections and Controls for DAC1006l100711008 Left Justified Dala 
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6.2.1 Automatic Transfer 

This makes use of a double byte (double precision) write. The first byte (8 bits) is strobed into the input latch and the 
second byte causes a simultaneous strobe of the two remaining bits into the input latch and also the transfer of the 
complete 10·bit word from the input latch to the DAC register. This is shown in the following timing diagrams; the point 
in time where the analog output is updated is also Indicated on these diagrams. 

, DAC10001100111002 (24·Pin Parts) 

LOAD Bilt 1 LOAD Bilt 2 

'91111& W1I! --\"'j '.-~_ LATCH't---\.T-C_ LATCH DAC \J..J-~~ YJ-li"~~TER 
ANALDO 2\ DUT1'IJT 

Byt. 11 ByiiZ. UPDATED 
XFER' \... ___ _ 

6.2.2 Transfer Using "p Write Strobe 

DAC1006/1007/1008 (20·Pin Parts) 

LOAD Bilt 1 LOAD Bilt 2 • XFER 

'Wii & XFER~-"J '." r.:!:_ LATCH~I LATCH DAC , \J.J- ~:; REDISTER 

A LOG J\ OUTPUT < UPDATED 
Byt.lIByiiZ 

'SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL 

The input latch is loaded with the first two write strobes, The XFER signal Is provided by external logic, as shown below, 
to cause the transfer to be accomplished on a third write strobe. This is shown in the following diagrams: 

DAC1000/1001/1002 (24.Pin Parts) DAC100611007/100B (20'Pin Parts) 

eI \'---Jr\ __ ----J~:LDG 
OUTPUT LATCH DAC 

LOAD Bilt 1 LOAD B\1I 2 UPDATED REGISTER 

Wii~B~~ 
LATCH Byt.2 

eI \'-_---Ir\'---_-J~~LDG 
OUTPUT LATCH OAC 

LOAD Byte 1 LOAD Byt. 2 UPDATED REGISTER 

wm&W1I! V):::;::~V 
LATCH BII' 2 

22 l\.JJ 2~ l\1J l ' mii 

2\ ,2~----- 2\ r----, Bilt l/ByiiZ I 
. 2~--:--- 2~-----

Byt.1/ByiiZ 

WHERE THE XFER CONTROL CAN BE GENERATED BY USING A SECOND CHIP SELECT AS: 

AND THE BYTE CONTROL CAN BE DERIVED FROM TIlE ADDRESS BUS SIGNALS, 

6.2.3 Transfer Using an External Strobe 

This is similar to the previous operation except the XFER signal is not provided by the "p, The timing diagram for this is: 

DAC1000/1001/1002 (24·Pin Parts) 

2~'--__ -i.1 r----- l~-----

2~ ANALOG 
OUTPUT 
UPDATED - LATCH DAC 

XFER REOISTER 
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BII·ll 
iYii'! 

DAC1 00611 007/1 008 (20·Pin Parts) 

2~FER 
~~Ml~ ~ 
UPDATED LATCH DAC 

REGISTER 

2~ :----
'---2~-----



6.3 Interfacing to a 16·Bit Data Bus 

The interface to a 16·bit data bus is easily handled by connecting to 10 of the available bus lines. This allows a wiring 
selected right justified or left justified data format. This is shown in the connection diagrams of Figures 19 and 20, where 
the use of DB6 to DB15 gives left justified data operation. Note that any part number can be used and the Byte1/Byte2 
control should be wired Hi. 

JUSTIFIED I 

Rb~T ~~;~ '11 

16·BIT 
DATA BUS 

OB~ 

10 
9 

21 
20 
19 
18 
17 

Dig (MSB) 

10·81t 
DATA 

LATCH 

o 
o 

I-----~O 19tt 
~====:l~ REGISTER 

I===:::::I~ 

TO 
CURRENT 
SWITCHES 

By1' lIBjliZ ~no-"":+-----fl 
tied to +VCC 

~ WHEN: 
IJ'iCiI EftIm=l,D 
OUTPUTS FOLLOW 0 INPUTS. 
meR Mm=O, DATA 

~~---" ..... ~ .... 
WR1 ..... -r-uL-~ 

ICS2)~c::]t:~=>--------------J 
WR2C1 , 

UliiJ = x0---!9 
100N'T CARE) I 

AT 0 IS LATCHED. 

Figure 19. Input Connections and Logic for DAC1000-1002 with 16·Blt Data Bus 

LEft , 
JUSTIFIED, 

OAC100611007l100B ('O·PlN PARTS) 

OB15 g' Dig (MSB) 

16·BIT 

DATA BUS: ~~=~~:~====:s ) 17 
16 
15 

10-BIT 
INPUT 
LATCH 

10·BIT 
OAC 

REGISTER 

TO 
CURRENT 
SWITCHES 

OB6 I 0/<1> (LSB) 

I CS l ... __ -or ""l 

wn' .... --+--cLJ 
I 

CONTROL , 
BUS I 

I 
(ffiij}~4~_~~~~~-----------~ 

I 

31 
+VCCo---:t (EQUIVALENT LOGIC SHOWN 

Byl. l/By1" I FOR THIS PIN HIGH) 

WHEN: 
[Affif EIi7iil:r = l,a 

OUTPUTS FOLLOW 0 INPUTS. 

~EIiAIU' = D, DATA 
AT 0 IS LATCHED. 

Figure 20. Input Connections and Logic for DAC1006/1007/1008 with 16·BII Data 'Bus 
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Three operating modes are possible: flow through, single buffered, or double buffered. The timing diagrams for these are 
shown below: 

6.3.1 Single Buffered 

iYiii&Wiii 
lyfllIJiji2 = 1 
Jm!=D 

DAC1000/l00l/l002 (24'Pin Parts) 

\'--_---11 
ANALOG ~ 
DUTf'UT _ " LATCHES DATA IN 
UPDATED t OAC REGISTER 

LOAD INPUT LATCH & 
XFER TO OAC REGISTER 

6.3.2 Double Buffered 

DAC1000/l00l11002 (24·Pln Parts) 

cs \ ____ ---11 22 

INPUT DATA IS LATCHED 

-.. "r-----?2 
WRl '---1 

........ LOAD INPUT LATCH 

----~2t___r---------
ByfIl/i;ii2 \ 

'---------

lliiiORWiii ANALOG ~ OUTPUT -..,., ..... DAC REGISTER 
UPDATE IS LATCHED 

XFER 

6.4 Stand Alone Operation 

Wil 
im!=o 

lliii 

ByfIIIi;ii2 = 1 

DAC1006/1007/1008 (20'Pin Parts) 

\ ... _____ ..1/... XFER AND LATCH 
- " DAC REGISTER 

ANALOG ~ 
OUTPUT ~ , " INPUT DATA IS 
UPDATED~' LATCHED 

LOAD INPUT LATCH 

DACl 006/1 007/1 008 (20'Pin Parts) 

INPUT DATA IS LATCHED ' 

u 
- LOAD INPUT LATCH 

ANALOG 

8~J:T~1--"""'--r-..J 
XFER 

For applications for a DAC which are not under "p control (stand alone) there are two basic operating modes, single 
buffered and double buffilred. The timing diagrams for these are shown below: 

6.4.1 Single Buffered 

DAC10001100111002 (24·Pln Paris) 

~ r-22 
WIll L-J- LATCH INPUT LATCH , 

LDAD INPUT LATCH 

6.4.2 Double Buffered 

DAC100011001110o2 (24·Pin Parts) 

""'\ r-22 
WIll L-J- LATCH INPUT LATCH 
, , 

LOAD INPUT LATCH 

wn 
9=0=0 
lyfllIliIiY=1 

2~FEn 
ANALOO I 
OUTPUT ~ ........ LATCH OAC 
UPDATEO"'-- REGISTER 

DAC10061100711008 (20·Pln Parls)-

XFER TO DAC REGISTER 

" 111.1/111·2 LOAD INPUT 
LATCH 

\~/_--,Ir--, -
ANALOGI LATCHES DATA IN OAC REGISTER 
OUTPUT !INPUT DATA MUST REMAIN VALID 
UPD~TED UNTIL THIS TIME) 

DAC1 00611.00711 008 (20·Pln Parts)-

LOAD INPUT LATCHr-______ _ 

Wii \ / 1_ LATCH INPUT LATCH 

BI1' 1/8yf1 2 

I:l=Dell=o 

- For a connection diagram of this operating mode use Figure 18 for the Logic and Figure 20 'for the Data Input connections, 
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6.4.3 Flow Through 

This operating mode causes the 10·bit input word to directly create the DAC output without any latching involved. 

DAC1000/100111002 (24'Pin Parts) 

WRl =WH2=CS=XFER=O 
Bytel/Byte 2 = 1 

7.0 Microprocessor Interface 
The logic functions' of the DAC1000 family have been 
oriented towards an ease of interface with all popular 
liPS. The following sections discuss in detail a few 
useful interface schemes. 

7.1 DAC1000/112 to INS8080A Interface 

Figure 21 illustrates the simplicity of interfacing the 
DAC1000 to an INS8080A based microprocessor system. 

The circuit will perform an automatic transier of the 10 
bits of output data from the CPU to the DAC register as 
outlined in Section 6.2.1, "Controlling Data Transfer for 
an 8·Bit Data Bus." 

Since a double byte write is necessary to control the 
DAC with the INS8080A, a possible Instruction to 
achieve this is a PUSH of a register pair onto a "stack" 
in memory. The 16·bit register pair word will contain the 
10 bits of the eventual DAC input data in the proper 

VOUT 

NOTE: DOUBLE BYTE STORES CAN BE USED. 

~jG l~io l=fTA'W.f~~: ~~~~ ~:fol :miS THE L 
TRANSFERS THE RESULT TO THE OAC REGISTER. 
THE OPERAND OF THE SHLO INSTRUCTION MUST 
BE AN DOD ADDRESS FOR PROPER TRANSFER. 

Figure 21. Interfacing the DAC1000 to the INS8080A CPU Group 
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sequence to conform to both the requirements of the 
DAC (with regard to right or left justified data) and the 
implementation of the PUSH instruction which will 
output the higher order byte of the register pair (i.e., 
register B of the BC pair) first. The DAC will actually 
appear as a two-byte "stack" in memory to the CPU. The 
auto-decrementing of the stack pointer during a PUSH 
allows using address bit 0 of the stack pOinter as the 
Byte1/Byte2 and XFER strobes if bit 0 of the stack 
pointer address-1, (SP -1), is a "1" as presented to the 
DAC. Additional address decoding by the DM8131 will 
generate a unique DAC chip select (CS) and synchronize 
this CS to the ·two memory write strobes of the PUSH 
instruction. 

To reset the stack pOinter so new data may be output to 
the same DAC, a POP instruction followed by instruc
tions to insure that proper data is in the DAC data 
register pair before it is "PUSHED" to the DAC should 
be executed, as the POP instruction will arbitrarily alter 
the contents of a register pair. 

Another double byte write instruction is Store Hand L 
Direct (SHLD), where the HL register pair would tempo
rarily contain the DAC data and the two sequential 
addresses for the DAC are specified by the instruction 
op code. The auto Incrementing of the DAC address by 
the SHLD instruction permits the same simple scheme 
of using address bit 0 to generate the byte number and 
transfer strobes. 

7_2 DAC1000 to MC8820/1 PIA Interface 

In Figure 22 the DAC1000 Is Interfaced to an M6800 
system through an MC6820/1 Peripheral Interface· 
Adapter (PIA). In this case the CS pin of the DAC Is 
grounded since the PIA Is already mapped In the 6800 
system memory space and no decoding Is necessary. 
Furthermore, by using both Ports A and B of the PIA the 
10-blt data transfer, assumed right JUstified again in two 
B-bit bytes, is greatly simplified. The HIGH byte Is 

PAl 3 
PAD 2 

PB7 17 

PBS 
15 PIA PBS 

PB4 14 
13 PB3 
12 PB2 
11 PBl 
10 

CB2 PBO 

loaded into Output Register A (ORA) of the PIA, and the 
LOW byte Is loaded Into ORB. The 10-bit data transfer to 
the DAC and the corresponding analog output change 
occur simultaneously upon CB2 going LOW under 
program control. The 10-bit data word In the DAC 
register will be latched (and hence VOUT will be fixed) 
when CB2 Is brought back HIGH. 

If both output ports of the PIA are not available, It is 
possible to Interface the DAC1000 through a single port 
without much effort. However, additional logic at the 
CB2 (or CA2) lines or access to some of the 6800 system 
control lines will be required. 

7.3 Noise Considerations 

A typical dlgltal/microprocessor bus environment is a 
tremendous potential source of high frequency noise 
which can be coupled to sensitive analog circuitry. The 
fast edges of the data and address bus signals generate 
frequency components of 10's of megahertz and can 
cause noise spikes to appear at the DAC output. These 
noise· spikes occur when the data bus changes state or 
when data is transferred between the latches of the 
device. 

In low frequency or DC applications, low pass filtering 
can reduce these noise spikes. This Is accomplished by 
over-compensating the DAC output amplifier by in
creasing the value of the feedback capacitor (Cc In 
Figure 3). 

IA applications requiring a fast transient 'response from 
the DAC and or) amp, filtering may not be feasible. Add
ing a latch, DM74LS374, as shown In Figure 23 Isolates 
the device from the data bus, thus eliminating noise 
spikes that occur every time the data bus changes state. 
Another method for eliminating noise spikes Is to add a 
sample and hold after the DAC op amp. This also has 
the advantage of eliminating noise spikes when chang
ing digital codes. 

VOUT 

Figure 22. DAC1000 to MC8820/1 PIA Interface 
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I'REF 

~ CiF.DM ...... -t---, 
ADDRESS>-:::tr)aJ...I>-J DECODE. 

SYSTEM WR 

+15V 

ANAL08 
OUTPUT 

NOTE: DATA HOLD TlME REDUCED TO THAT OF DM741.S374 (=1Dns) 

ADDRE:l~W~> __ -L./'-----"" 
(LOW FOR BYTE 1 
HIDH FD. BYTE 2) 

Figura 23. Isolating Data Bus from DAC Circuitry to Ellmlnata Digital Noise Coupling 

MSB 

15V 

MICRO·OAe 
OAC1DDD SERIES 

y-

LSB 

y-

Figura 24. Digitally Controlled Amplifier/Allenuator 

7.4 Digitally Controlled Ampllfler/Attenuator 

An unusual application of the DAC, Figure 24, applies 
the Input voltage via the on-chip feedback resistor. The 
lower op amp automatically adjusts the VREF IN voltage 
such that 10Ull Is equal to the input current (V,NJRfB)' 
The magnitude of this VREF IN voltage depends on the 
digital word which Is In the DAC register. IOUT2 then 
depends upon both the magnitude of V,N and the digital 
word. The second op amp converts IOUT2 to a voltage, 
VOUT, which is given by: 

VOlrr = VIN(102~ - N), where 0 < N " 1023. 

8-171 

Note that N =0 (or a digital code of all zeros) Is not 
allowed or this will cause the output amplifier to 
saturate at either ::t: VMAX, depending on the sign of V,N' 

To provide a digitally 'controlled divider, the output op 
amp can be eliminated. Ground the IOUT2 pin of the DAC 
and VOUT Is now taken from the lower op amp (which 
also drives the VREF input of the DAC). The expression 
for VOUT Is now given by 

V 
VOUT = -..,w where M = Digital input (expressed as a 

fractional binary number). 
0< M <1. 

~ 
o 
8 -.... -I\) 
Q) 
::J 
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Figure 25. DIgl18110 Synchro Converter 

Ordering Information 

,1. All Logic Features - 24·pin package. 

Temperature Range' 

Accuracy -40·C to +8S·C -SS·C to +12S·C 

0.05% (10·bit) DAC1000LCD DAC1000LD 

0.10% (9'bit) DAC1001LCD DAC1001LD 

0.20% (8·bit) DAC1002LCD DAC1002LD 

Package Outline D24C D24C 

O·to +70·C 

DAC 1000LCN 

DAC1001LCN 

DAC1002LCN 

f:l24 

2. For Left Justified Data - 20·pin package. (See package outline D20C.) 

Temperature Range 

Accuracy -4Q·C to +8S·C -SS·C to +12SoC OOto +70 0 C 

0.05% (10·bIt) DAC1006LCD DAC1006LD DAC1006LCN 

0.10% (9-blt) DAC1007LCD DAC1007LD DAC1007LCN 

0.20% (8-bit) DAC1008LCD DAC1008LD DAC1008LCN 

Package Outline D20C D20C N20 

8-172 

T1 

II 
81 

82 

T1A 

II 83 



~National . A to 0, D toA 
~ Semiconductor 
DAC1020, DAC1021, DAC1022 10·Bit 
Binary Multiplying D/A Converter· 
DAC1220, DAC1221, DAC122212·Bit 
Binary Multiplying D/A Converter 
General Description . 
The DAC1020 and the DACl ;120 are, respectively, 
10 and 12-bit binary multiplying digital-to-analog con
verters_ A deposited thin film R-2R resistor ladder divides 
the reference current and provides the circuit with ex
cellent temperature tracking characteristics (0_0002%/ 

\Oc linearity error temperature coefficient maximum). 
The circuit uses CMOS current switches and drive 
circuitry to achieve low power consumption (30 mW 
max) and low output leakages (200 nA max). The 
digital inputs are compatible with DTLITTL logic levels 
as well as full CMOS logiC level swings. This part, com
bined with an external amplifier and voltage reference, 
can be used as a standard D/A converter; however, it 
is also very attractive for mUltiplying applications (such 
as digitally controlled gain blocks) since its linearity 
error is essentially independent of the voltage refer
ence. All inputs are protected from damage due to 
static discharge by diode clamps to V+ and ground. 

and 8-bit (0.20%) non-linearity guaranteed over tem
perature (note 1 of electrical characteristics). The 
DAC1020, DAC1021 and DAC1022 are direct replace
ments for the 10-bit resolution AD7520 and AD7530 
and equivalent to the AD7533 family. The DAC1220, 
DAC1221 and DAC1222 are direct replacements for the 
12-bit resolution AD7521 and AD7531 family. 

Features 
• Linearity specified with zero and full-scale adjust only 
• Non-linearity guaranteed over temperature 
• Integrated thin film on CMOS structure 
• 10-bit or 12-bit resolution 
• Low power dissipation 10 mW@15V typ 
• Accepts variable or fixed reference -25V$VREF$25V 
• 4-quadrant multiplying capability 
• Interfaces directly with DTL, TTL and CMOS 
• Fast settling time-500 ns typ 

This part is available with 10-bit (0.05%), 9-bit (0.10%), • Low feedthrough error-l/2 LSB@ 100 kHz typ 

r NOT INCLUDED FOR DACI0:za -, 

I I 
Equivalent Circuit Note. Switches shown in digital high state 

I R R I 
VREF'N O-..... J,.w ......... ,"'. M .... -,.'IN"""'P" ... RW ........... JVI.,...... ..... 'RW"""'P"~RW--1 ... ''''R M .... ·'RWI.-1~P"-R.J:"""''IN ..... ..,'RM--1 ... ,-. _.J:L---.1,. 

: ~ ..... ~+p_1 ... rl-tl~_ ........ 1~ ~t---41 .... ~+-r"'_1.,..i+-~_++-i1i ~--..1+it-r-j ..... 1~i+-~_1...,il-t·~_~+t-1: -+ir-~1..,~1-t~_+-1-t-: _"--oNO 'OUT' 

I L--+4 ...... - .... --., .... -4+---I-... - .......... -~,...;.-.... ---4~--I-~~-4+---4-~~'OUTI 
I 
I 
I 
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I 
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I 
I 
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b 
A3 

I 
I 
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b 
A4 

I 
I 
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& 
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I 
I 
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I 
I 
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I 
I 
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AI 

I 
I 
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b 
A' 

I 
I 
I 

b 
AID 

ILSB} 

I 
I 
I & b I 
LA: _.:: __ .J 

Ordering Information )O-BIT D/A CONVERTERS 

ACCURACY 

0.05% DAC,020LCN ~g~~~~~~ DAC1020LCD ~~~~~~~~ DAC1020LD AD7520UD 

0.10% DAC1021LCN :~;:~~~~ DAC1021LCD :~;:~~~~ DAC1021LD AD7520TO 

0.20% DAC1022LCN ~g~~~~~~ DAC,022LCD ~g~~~~~g DAC'022LD AD7520SD 

PACKAGE OUTLINE N16A D,6C D,6C 

12-BIT D/A CONVERTERS 

TEMPERATURE RANGE 

ACCURACY 

0.05% DAC1220LCN ~~~~~:~~ DAC1220LCD ~g~~~:~~ DAC1220LD AD7521UD 

0.10% DAC,221 LCN ~g~~~:~~ DAC1221LCD ~~~~~:~~ DAC1221 LD AD7521TD 

0.20% DAC1222LCN ~~;~~:~~ DAC1222LCD ~g~~~:~~ DAC1222LD AD7521SD 

PACKAGE OUTLINE N18A D1BA D1BA 

Note. Devices may be ordered by either part number. 
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Absolute Maximum Ratings Operating Conditions 
MIN MAX UNITS 

V+to Gnd 17V Temperature (TAl 
VREF to Gnd ±25V DAC1020LD, DAC1021 LD, -55 +125 °c 
Digital Input Voltage Range V+to Gnd DAC1022LD, DAC1220LD, -55 +125 °c 
DC Voltage at Pin 1 or Pin 2 (Note 31 -100 mV to V+ DAC1221 LD, DAC1222LD -55 +125 °c 
Storage Temperature Range -55°C to +150°C DAC1020LCD, DAC1021 LCD, --40 +85 °c \ 
Lead Temperature (Soldering, 10 seconds) 300°C DAC1022LCD, DAC1220LCD, --40 +85 °c 

DAC1221 LCD, DAC1222LCD "':40 +85 °c 

DAC1020LCN, DAC1021 LCN 0 ,+70 °c 
DAC1022LCN, DAC1220LCN 0 +70 °c 
DAC1221LCN, DAC1222LCN 0 +70 °c 

Electrical Characteristics 
(v+ = l5V, VREF = lD.DDDV, TA = 25°C unless otherwise specified) 

DAC1020, DAC1021, DAC1220, DAC1221, 
PARAMETER CONDITIONS DAC1022 DAC1222 UNITS 

MIN TYP MAX MIN TYP MAX 

Resolution 10 12 Bits 

Li nearity Error TMIN<TA<TMAX, 

-10V < VREF < +10V, 

(Note 1 I End Point Adjustment Only 

(See Linearity Error in Definition of Terms) 

10·Bit Parts DAC1020, DAC1220 0,05 0.05 % FSR 

9·Bit Parts DAC1021, DAC1221 0,10 0.10 % FSR 

8·Bit Parts DAC1022, DACl222 0,20 0.20 % FSR 

Linearity Error Tempco -10V ~ VREF ~ +10V, 0,0002 0.0002 % Fsfc 

(Notes 1 and 2) 

Full·Scale Error -10V ~ VREF ~ +10V, 0.3 1.0 0,3 1,0 % FS 

(Notes 1 and 2) 

Full·Scale Error Tempco TMIN < TA < TMAX, 0.001 0,001 % Fsfc 

(Note 2) 

Output Leakage Current TMIN~TA~TMAX 

lOUT 1 All Digital Inputs Low 200 200 nA 

lOUT 2 All Digital Inputs High 200 200 nA 

Power Supply Sensitivity All Digital Inputs High, 0:005 0.005 0.005 0.005 % FS/v 

14V ~ V+ ~ 16V, (Note 2), 

(Figure 2) 

VREF Input Resistance 10 15 20 10 15 20 kn 

Full·Scale Current Settling R L =, lOOn from 0 to 99.95% 

Time FS , 
All Digital Inputs Switched 500 500 ns 

Simultaneously 

VREF Feedthrough All Digital Inputs Low, 10 10 mVp·p 

VREF = 20 Vp-p@ 100 kHz 

D Package (Note 4) 6 9 6 9 mVp-p 

N Package 2 5 2 5 mVp-p 

Output Capacitance 

lOUT 1 Ali Digital Inputs Low 40 40 pF 
All Digital Inputs High 200 200 pF 

lOUT 2 All Digital Inputs Low 200 200 pF 
All Digital Inputs High 40 40 pF 

Digital Input (Figure 1) 

Low Threshold TMIN<TA<TMAX 0.8 0.8 V 

High Threshold TMIN < T A < TMAX 2.4 2.4 V 
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Electric~1 Characteristics (Continued) 

(V+ = 15V, VREF = 10.000V, T A = 25°C unless otherwise specified) 

DAC1020, DAC1021 DAC1220, DAC1221 

PARAMETER CONDITIONS 
DAC1022 DAC1222 

UNITS 
MIN TVP MAX MIN TVP MAX 

Digital Input Current TMIN:::;TA:::;TMAX 
Digital Input High 1 100 1 100 p.A 

Digital Input Low -50 -200 -50 -200 p.A 

Supply Current All Digital Inputs High 0.2 1.6 0.2 ':6 mA 

All Digital Inputs Low 0.6 2 0.6 2 mA 

Operating Power Supply (Figures 1 and 2) 5 15 5 15 V 

Range 

Note 1: VREF = ±IOV and VREF = .IV. A linearity error temperature coefficient of 0.0002% FS for a 45°C rise only guarantees 0.009% maxi· 
mum change in linearitY error. For instance, if the linearity error at 25°C is 0.045% FS it could increase to 0.054% at 70°C and the DAC will be no 
longer a 10-bit part. Note, however. that the linearity error is specified over the device full temperature range which is a more stringent specifica-
tion since it includes the linearity error temperature coefficient. 

Note 2: Using internal feedback resistor as shown in Figure 3. 

Note 3: Both lOUT 1 and lOUT 2 must go to ground or the virtual ground of an operational amplifier. If VREF = IOV, every millivolt offset 
between lOUT I or lOUT 2' 0.005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in the 0 package, the user must ground the metal lid. 

Typical Performance Characteristics 

2 0.10 

'+ 
~ .,. - ........ ~V g 
-' 1.5 z 0.05 Q - --:z: ........ r--V+~5V Q 
en i= 
IoU c:c a: --r- Ir :z: 
l-

I 
c:c 

I- > 0 
I---"" :::I a: 

/' a.. Q 
~ a: 
.... a: / IoU c:c 0.5 2-0.05 l-e; :;: 
c; '" 

0 -0.10 
0 20 40 60 80 -, 5.0 10.0 15.0 

TA - TEMPERATURE (Oe) V+ (VOLTS) 

FIGURE 1. Digital Input Threshold YS FIGURE 2. Gain Error Variation YS V+ 
Ambient Temperature 
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· Typical Applications 
The following applications are also valid for 12-bit 
systems using the DAC1220 and 2 additional digital 
inputs. 

Operational Amplifier Bias Current (Figure 3) 

The op amp bias current, Ib' flows through the 15k 
internal feedback resistor. BI-FET op amps have low 
Ib and, therefore, the 15k x Ib error they introduce is 
negligible; they are strongly recommended for the 
DAC1020 applications. 

VOS Considerations 

The output impedance, ROUT, of the DAC is modu
lated by the digital input code which causes a modulation 
of the operational amplifier output offset. It is therefore 
recommended to adjust the op amp VOS. ROUT is 
-15k if more than 4 digital inputs are high; ROUT 

is -45k if a single digital input is high, and ROUT 
approaches infinity if all inputs are low. 

Operational Amplifier VOS Adjust (Figure 3) 

Connect all digital inputs, Al-Al0, to ground and 
adjust the potentiometer to bring the op amp VOUT 
pin to within ±1 mV from ground potential. If VREFJs 
less than 10V, a finer VOS adjustment is required. It is 
helpful to increase the resolution of the VOS adjust 
procedure by connecting a 1 kn resistor between the 
inverting input of the op amp to ground. After VOS has 
been adjusted, remove the 1 Kn. 

Full-Scale Adjust (Figure 4) , 

Switch high all the digital inputs, Al-A10, and measure 
the op amp output voltage. Use a 500n potentiometer, 
as shown, to bring IIVOUTII to a voltage equal to VREF x 
1023/1024. . 

SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER 

OP AMP FAMI L Y 

LM357 

LM356 

LF351 

LM741 

15V 

Vw 
CIRCUIT SETTLING CIRCUIT SMALL 

CF Ri P 
TIME, ts SIGNAL BW 

10 pF 2~4k 25k v+ 1.51Ls 1M 

22 pF oc 25k v+ 3J.ls 0.5M 

24 pF oc 10k v- 4ILs 0.5M 

0 oc 10k v- 40J.ls 200 kHz 

MSB LSB 
AI A2 A3 A4 A5 A6 A7 AS A9 AID. 

RFEEDBACK 

>-4~OVOUT 

( AI A2 A3 AIO) 
VOUT=-VREF -+-+-+ ... --

2 4 B 1024 

-IOV:::;: VREF :::;: 10V 
1023 

0:::;: VOUT:::;: - 1024 VREF 

where AN = I if the AN digital input is high 
AN = 0 if the AN digital input is low 

FIGURE 3. Basic Connection: Unipolar or 2-Quadrant MUltiplying 
Configuration (Digital Attenuatod 
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Typical Applications (Continued) 

MSB LSB 
A1 A2 A3 A4 A5 AU A7 AB AS AlB 

RFS2500 L. ________ ~~~~::.:...j 

FULL·SCALE 
DECREASE 

FIGURE 4: Full-Scale Adjust 

MlB LSB 
Al A2 A3 A4 AS A6 A7 AI AI A1B 

YOUT 

Y-

FIGURE 5. Alternate Full-Scale Adjust: (Allows Increasing or Decreasing the Gain) 

DIGITAL WORD A 

/ MlB LSB 
A1 A2 A3 A4 A5 A6 Al AS A9 A1D 

15Y 

VAEF 

DIGITAL WORD B 

I MSB LSB 
Al A2 AJ A4 AS A6 A7 AS A9 Al. 

vaUl2 

Voun =-VREF 
Y-

(~+~+~ + ... ~) 
2 4 8 1024 

where VREF can be an AC signal 

FIGURE 6. Precision Analog-to-Digital Multiplier 
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Typical Applications (Continued) 

MS' LSI 
AI A2 "'3 A4 ,1,5 ,1,6 A7 AI AS All 

, (AI A2 A10 1) 
VOUT= -VREF - +-- + +-- ---2 4 . . . 1024 1024 
where: AN = +1 if AN input is high 

AN = -1 if AN input is low 

Your 

0 0 
0 0 
0 1 
1 0 
1 0 
1 1 

COMPLEMENTARY OFFSET BINARY 
'(BIPOLAR) OPERATION 

DIGITAL INPUT VOUT 

0 0 0 0 0 0 0 0 +VREF 
0 0 0 0 0 0 0 1 VREF x 1022/1024 
1 1 1 1 1 1 1 1 VREF x 2/1024 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 -VREF x 2/1024 
1 1 1 1 1 1 1 1 -VREF (1022/10241' 

Note that: 

• lOUT 1 + lOUT 2 = VREF x(1023) 
RLADDER 1024' 

• By doubling the output range we get half the resolution 
• The 10M resistor, adds a 1 LSB "thump", to allow full 

offset binary operation where the output reaches zero 
for the half-scale code. If symmetrical output excursions 
are required. omit the 10M resistor. 

FIGURE 7. bipolar 4-Quadrant Multiplying Configuration 

1 
1 
0 

Operational Amplifiers Vas Adjust (Figure 7) 

a) Switch ail the digital inputs high; adjust the 'VOS 
potentiometer of op amp B to bring its output to a 
value equal to -(VREF!1024) (V). 

b) Switch the MSB high and the remaining digital 
inputs low. Adjust the VOS potentiometer of op 
amp A, to bring its output value to within a 1 mV 
from ground potential. For VREF < 10V, a finer 
adjust is necessary, as already mentioned in the 
previous application. 

MSB LSI 
AI AZ ,1,3 ,1,4 A5 AI ,1,1 AI AI AlB 

TRUE OFFSET BINARY OPERATION 

DIGITAL INPUT VOUT 

1 1 1 1 1 1 1 1 1 VREF x 1022/1024 
0 a a a a a a a 0 0 
0 0 0 0 0 0 0 0 0 -VREF 

to = 1.8!,s 
us. LM336 for a v'lltage reference 

FIGURE 8. Bipolar Configuration with a Single Op Amp 

Gain Adjust (Full-Scale Adjust) 

Assuming that the external 10k resistOrs are matched to 
better than 0.1%, the gain adjust of the circuit is the 
same with the one previously discussed, 

PotSB LSI 
AI A2 ,1,3 ,1,4 A5 ,1,6 A7 ... 1 AI Al0 

• R4=(2Av--lIR ~=~ 
'Rl AV--l 

R3 + Rl IIR2 = R; AV - = VOUT(PEAK) ,R = 20k 
VREF 

• Example: VREF = 2V, VOUT (swing) ~ ±IOV: AV- = 5V 
Then R4 = 9R, Rl = 0.8 R2. If Rl = 0.2R then R2 = 0.25R, 
R3 = 0.64R 

FIGURE 9_ Bipolar Configuration with Increased Output Swing 
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Typical Applications (Continued) 

15V 

MSB LSB 
AI AZ A3 A4 A5 A6 Al AS A9 AID 

VOUT~-'--------~~ 

v-

where: VREF can be an AC signal 
• By connecting the DAC in the feedback loop of an operational amplifier a linear digitally 

control gain block can be realized 
• Note that with all digital inputs low, the gain of the amplifier is infinity, that is, the op amp will 

saturate. In other words, we cannot divide the VREF by zero! 

FIGURE 10, Analog-to-Digital Divider (or Digitally Gain Controlled Amplifier) 

15V 

MSB LSB 
AI AZ A3 A4 A5 A6 Al AS A9 AID 

v-

( '023-N) 
or VOUT = VREF --N--

where: 0::; N::; 1023 
N = 0 for AN = all zeros 
N =1 forAl0= I,Al-A9=0 

N = 1023 for AN = alii's 

FIGURE 11_ Digitally Controlled Amplifier-Attenuator 
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Typical Applications (Continued) 

CLOCK 
{FREOUENCY 

caNTROLl 

ISY 

'Ok 

SINE WAVE OUT 

• Output frequency = felK ; fMAX .'" 2 kHz 
512 

• Output voltage range = OV-10V peak 

• THO < 0.2% 
• Excellent amplitude and frequency stability with temperature 
• Low pass filter shown has a 1 kHz corner (for output frequencies.below 10 Hz, filter corner should be reduced) 

• Any periodic function can be implemented by modifying the contents of the look up table ROM 

• No start up problems 

FIGURE ·12. Precision Low Frequency Sine Wave Oscillator Using Sine Look-Up ROM 
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Typical Applications (Continued) 

MM74COO - NAND gates 
MM74C32 - OR gates 
MM74C74 - D flip·flop 
MM74C193 - Binary up/ 

down counters 

• Binary up/down counter digitally "ramps" the DAC output • 
• Can stop counting at any desired 10-l>it input code 

TO DACI020 
DIGITAL INPUTS 

• Senses up or down count overflow and automatically reverses direction of count 

FIGURE 13. A Useful Digital Input Code Generator for DAC Attenuator or Amplifier Circuits' 
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Definition of Terms 
Resolution: Resolution is defined as the reciprocal of 
the number of discrete steps in the D/ A output. It is 
directly related to the number of switches or bits within 
the D/A. For example, the DAC1020 has 210 or 1024 
steps while the DAC1220 has 212 or 4096 steps. There
fore, the DAC1020 has 10-bit resolution, while the 
DAC1220 has 12-bit resolution. 

Linearity Error: Linearity error is the maximum devia
tion from a straight line passing through the endpoints 
of the D/A transfer characteristic. It is measured after 
calibrating for zero (see Vas adjust in typical applica
tions) and full-scale. Linearity error is a design parameter 
intrinsic to the device and cannot be externally adjusted. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
D/ A full-scale output. 

Settling Time: Full-scale settling time requires a zero to 
full-scale or full!scale to zero output change. Settling 
time is the time required from a code transition until 
the D/A output reaches within ±1/2 LSB of final output 
value. 

Full-Scale Error: Full-sc'ale error is a measure of the 
output error between an ideal D/A and the actual device 
output. Ideally, for the DAC1020 full-scale is VREF -
1 LSB. For VREF ~ 10V and unipolar operation, 
VFULL-SCALE ~ 10.0000V - 9.8 mV ~ 9.9902V. 
Full-scale error is adjustable to zero as shown in Figure 5. 

OAC FAILS END POINT TEST 
LINEARITY ERROR ~ 1 LSB 

DIGITAL INPUT 

a 

(a) End point test after zero and ful!'-scale adjust. 
The DAC has 1 LSB linearity error 

IN 

b1 

IN 

b2 

(b) By shifting the full-scale calibration on of the DAC 
of Figure {b 1 J we could pass the "best straight 
line" (b21 test and meet the ±1/2 LSB linearitY 
error specification 

Note. (ai, (b11 and (b2) above illustrate the difference between "end point" National's linearity test (al ~nd "best straight line" test. 
Note that both devices in (a) and (b2) meet the ±1/2 LSB linearitY error specification but the end'point test is a more "real life" way 
of characterizing the DAC. ' 

Connection Diagrams 

DAC102X 
Dual-In-Line Package 

lOUT' 

IOllT2 

GND 

A1(MSB) 

A2 

A' 
A4 .. 

TOP VIEW 

13 Al0(LSB) 

12 A9 

11 AI 

10 A7 . .. 
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DAC122X 
Dual-In-Line Package 

1. 
IOUTI RFEEOBACK 

17 
IOUTl VREFIN 

GND 16 v+ 

AI (MSB) 
15 

A12fLS8) 

" AI AI1 

., tJ Ala 

A4 12 AI 

AI " .. 
" AI Al 

TOP VIEW 



~National 
z.I Semiconductor 

A to D, D to A 

DAC1200, DAC1201 12-Bit Digital-to-Analog Converters 

General Description 

The DAC1200 series of DIA converters is a family of 
precision low-cost converter building blocks intended to 
fulfill a wide range of industrial and military DIA 
applications. These devices are complete functional 
blocks requiring only application of power_ for operation. 
The design combines a precision 12-bit weighted current 
source (12 current switches and 12-bit thin-film resistor 
network!. a rapid-settling operational amplifier, and 
10.24V buffered reference. 

Input coding is complementary binary. In all instances, 
a logic "low" (';;; O.BV) turns a given bit ON, and a logic 
"high" (;;' 2.0V) turns the bit OF F. Output format may 
be programmed for bipolar (±10V) or unipolar (0 to 
10V) operation using internally supplied thin-film 
resistor pin strap options. Current mode operation is 
also available from 0 to 2 mAo 

The entire series is .available in hermetically sealed 24-
lead DIP. 

Block and Connection Diagrams 

~Fm ~ 
caMP 2-122-" 2-10 2-g 2-8 21 2-6 2-5 24 23 2-2 21 

Features 

• Circuit completely self-contained 

- Both current and voltage-mode outputs 

• Standard power supplies: ±15V and +5V 

• Internal buffered reference: 10.24V 

• 0 to 2 mA, ±10V or 0 to 10V output by strapping 
internal resistors; other scales by external resistors 

• ±1/2 LSB linearity 

• Fast settling time: 1.5/1s in current mode 
2.5/1s in voltage mode 

• High slew rate: 15 V 1/15 

- TTL and CMOS compatible complementary binary 
input logic 

• 12 bit linearity 

• Standard 0.6" 24-pin DIP package 

Dual-In-Line Package VREF INPUT 

14 
R25 
80k 

15 1 2 5 9 10 11 12 r.;:-;(IIIIV--017 OFFSET 

t-;;~vv--o'6 FEEDBACK 
18 CURRENT 

L!...c::!!::::::~-"---"'--'''-''''''...!L....lo!....-'§L....§L.....!l.....Ji'-- +-=--.0 ~~~:UT 

lSB 
2' 

2-12 
23 

ANALOG AND DIGITAL GND 
2-11 22 -15v 
2-10 

21 
+tSv 

R2' 
m 

13 21 
FUll SCALE VRH 
ADJUST OUT 

19 ~g~~AGE 
OUTPUT 

20 
.--o+5V 

2-' 

2-8 

2-7 
2.6 

8 
2-5 

2-4 ,: 
2-3 

2.2 ~~ 
2-1 

MS8 
TOP VIEW 

20 
VREF OUTPUT 
.5V 

VOLTAGE MODE,OUTPUT 

CURRENT MODE OUTPUT 

OFFSET 

FEEDBACK 

REF CaMP 

13 VAEF INPUT 
FULL SCALE ADJ 

23 22124p-

. Order Number DAC1200HD, DAC1200HCD, 
DAC1201HD or DAC1201HCO 

See NS Package 0240 
-15V +15V GND 
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Absolute Maxi~um 'Ratings 

Supply Voltage (v+ & V-) 

Lo~ic Supply Voltage (VCC) 

Logic Input Voltage 

Reference Input Voltage 

Power Dissipation 

±18V 

+10V 

-0.7V to +18V 

-OV, +18V 

(see graphs) 

Short Circuit Duration (pins 18,19 & 21) Continuous 

Operating Temperature Range 

DAC1200HD, DAC1201 HD 
DAC1200HCD, DAC1201 HCD 

Storage Temperatu're Range 

Lead Temperature (soldering, 10 sec.) 

-55°C to +125°C 

-25°C to +85°C 

-65°C to +150°C 

300°C 

DC Electrical Characteristics DAC1200,1201 Binary DIA (Notes 1,2) 

PARAMETER CONDITIONS 

Resolution 

Linearity Error INote 3) TA = 25"C 

Offset Voltage 

Voltage Mode Full·Scale Error INote 3) VREF = 10.240V 

Voltage Mode Full·Scale Error 

Monotonicity INotes 3, 4) 

Voltage Mode Power Supply 
Sensitivity 

Output Voltage Range 

Voltage Mode Output Short Circuit 
Current limit 

Current Mode Voltage Compliance 

Current Mode Output Impedance 

Reference Voltage 

Logic "1" Input Voltage IBit OFF) 

Logic "0" Input Voltage IBit ON) 

Pin 21 connected to Pin 14, T A = 25'C 

::"V+=±2V 
::"V- = i2V 
::"VCC= ±lV 

RL = 5k 

TA = 25"C 

INote5) 

TA = 25°C 
VREF = 10.240V 

OmA" IREF';; 2mA. TA = 25v C 

Logic "1" Input Current.IBit OFF) VIN = 2.5V 

Logic "0" Input Current IBit ON) VIN = OV 

1+ v+ = 15.0V 
Power Supply Current 1- V·- = -15.0V TA = 25 C 

ICC vcc = 5.0V 

AC Electrical Characteristics DAC1200,1201 

PARAMETER 

Voltage Mode 

±1 l-SB Settling Time (Note 5) 

Voltage Mode Full·Scale 

Change Settling Time (Note 5) 

Current Mode 

Full·Scale Settling Time 

Voltage Mode Slew Rate 

CONDITIONS (T A = 25°C) 

DAC1200, Ve';;; 1.25 mV 

DAC1201, Ve ';;;5.0 mV 

DAC1200, Ve';;; 1.25 mV 

DAC1201, Ve';;; 5.0 mV 

RL = 1 kU, CL';;; 20pF 

0';;;~IOUT';;;2mA 

-lOV';;; ~VOUT';;; +10V 

DAC1200/1200C DAC1201/1201C 

MIN TYP MAX MIN TYP MAX 
UNI1;S 

12 12 Bits 

±0.0122 iO.0488 % FS 
to.0244 ±0.0976 % FS 

1 5 1 10 mV 
10 

I 

15 mV 

0.01 0.1 I 0.02 0.2 % FS 

0.1 0.6 0.1 0.7 % FS 

Guaranteed over the temperature range 

1
0

.
002 

0.02 0.002 0.02 % FS/V 

0.002 0.02 0.002 0.Q2 % FS/V 

0.002 0.02 0.002 0.02 % FSIV 

±10.5 ±12 ±10.5 ± 12 V 

20 50 20 .50 mA 

±2.5 ±2.5 V 

15 15 k!2 

10.190 10.240 10.290 10.190 10.240 10.290 V 

2.0 2.0 V 

O.B O.B V 

1 10 1 10 J.lA 

·10 -100 -10 -100 J.lA 

10 15 10 15 mA 
25 30 25 30 mA 
20 25 20 25 mA 

-
, 

; 

MIN TYP MAX UNITS 

1.5 3.0 !-IS 
1 3.0 !-IS 

2.5 5.0 !-IS 
2.0 5.0 !-IS 

'1.5 !-IS 

15 V/!-Is 

Note 1: Unless otherwise nat~d. these specifications apply for V+ = 15.0V, V- = -1S.0V, and Vee"" 5.0Vover the temperature range -55°C to 
+125°C for the DAC1200HD/1201 HD and _25°C to +85°C for th~ DAC1200HCD/1201 HCD. 
Note 2: All typical values are for T A = 25°C. . 
Note 3: Unless otherwise noted, this specification applies for VREF = 10.24V, and over the temperature range _25°C to +8SoC. Testing 
conditions include adjustment of offset to OV and full-scale tb 10.2375V. 

Nota 4: The DAC1200 is tested for monotonicity by stimulating all bits;the DAC1201 is tested for monotonicity by stimulating only the 10 
MSBs an'd holding the 2 LSBs at 2.0V O.e., 2 LSBs are OFF). 

Nota 5: Not tested - guaranteed by design. 
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Typical Performance Characteristics 

Maximum Power Dissipation Supply Current vs Temperature Supply Current vs Temperature 
2.25 

2.0 

~ 1.15 

~ 1.50 
;:: 
~ 1.25 

~ 10 

ffi 0.15 

~ 0.5 

" '\ 
I I 

'JA}'O'CI~-

'\ 
'\ 

" \ 

JO 

.......... ---, ---
JO 

I 
-15VI 

~--r--
,,,J 

I 

r-..... r--. '-"J 
I -
J I--- +-15V 

I 

2' 

20 

" 
10 

0.25 . ALL INPUTS LOGIC LOW ALL INPUTS lOGIC HIGH 

00 25 50 75 1110 125 150 
o 
-55 -25 

o 
-" -2& 25 50 15100 125 25 50 75 100 125 

TEMPERATURE ( Cl TEMPERATURE I CJ TEMPERATURE eel 

1 LSB Transition 10V Full Scale Settling Time 10V Full Scale Pulse Response 
1011. .• 1 .... 1100 ... 0 
VO=0;10V 
CF = 30pF 
TA = 2SoC 

Applications Information 

1. Introduction 

The DAC1200 series D/A converters are designed to 
minimize adjustments and user·supplied external com· 
ponents. For example, included in the package are a 
buffered reference, offset nulled output amplifier, and 
application resistors as well as the basic 12·bit current 
mode D/A. 

However, the DAC1200 series is a sophisticated building 
block. Its principles of operation and the following 
applications information should be read before applying 
power to the device. 

The user is referred to National Semiconductor Applica· 
tion Notes AN·156 and AN·157 for additional informa· 
tion. 

2. Power Supply Selection & Decoupling. 

Selection of power supplies is important in applications 
requiring 0.01% accuracy. The ±15V supplies should be 
well regulated (±15V ± 0.1%) with less than 0.5mVrms 
of output noise and hum. 

To realize the full speed capability of the device, all three 
power supply leads should be bypassed with l/lF 
tantalum electrolytic capacitors in shunt with O.Ol/lF 
ceramic disc capacitors no farther than Y, inch from,the 
device package. 

3. Unipolar and Bipolar Operation 

The DAC1200 series D/A's may be configured for either 
unipolar or bipolar operation using resistors provided 
with the device. Figure 1 A illustrates the proper con· 
nection for unipolar operation. 

Bipolar operation is accomplished by offsetting the 
output amplifier A3 as shown in Figure 2A. 
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r--;C",UR"'R;!;'N",,;:;.,moo;'l',-';:o TO 2 0475mA +--"w.-{I<;}---+ 
D,A \ 
A2 >-<®--~_<>VOUT 

'VOUT = (IZERa to I FULLSCALEI (1ill.:.Bll I R21 +'R22 

= (OmA to 2.0475mAII5kl!) 

• OV to +10.2375V 

'Values shown are for VREF = 10.240V. 

1 LSB Voltage Step. '~~~~V.= 2.SmV. 

1 LSB Current Step = ~~ ; 0.5"A 

FIGURE lA. OAC1200/0Ac1201 Unipolar Operation 



r-;:;CU"'R"'RE"'NT"'M"'O"'O';-"-O TO 2 041!iI11A t--"N...-{' 
OA 
A2 ~-~-oVOUT 

'VOUT = (0 to 2.0475mA)R22 - V~2E: R21 

= (0 to 2.0475mA)R22 - VREF. R21 '" R22 

':' -10.240 to + 10.235V 
'Values shown are for VREF = 10.240V 
1 LSB = 5mV. 

FIGURE 2A. DAC12DD/DAC12Dl Bipolar Operation 

External resistors may be used to achieve alternate zero 
and full·scale voltages. It is advantageous to utilize R21 
and R22 even in these applications since they are closely 
matched in TeR and temperature to the internal array. 
Figure 3 illustrates the recommended circuit for zero to 
5V operation. R EXT should be of metal film or wire
wound construction with a TCR of less than 10ppm/"C. 

CURRENT MODE 
OIA 
A' ~-",,-oVOUT 

RTOTAL = (R21) II (R22) II (REXT) = VFULLSCAL~ = 2.5krl. 
2.0475mA 

FIGURE 3. DAC12DD 0 to 5.120V Operation 

4. Offset and Full-Scale Adjust 

If higher precision is required in the zero and full-scale, 
external adjustments may be made. The circuit of figure 
4 illustrates the recommended circuit to adjust offset and 
full-scale of the DAC1200 series. The circuit will work 
equally well for unipolar or bipolar operation. 

In bipolar operation, the offset is adjusted at min!!s full
scale; in the unipolar case at zero scale. 

FIGURE 4. Offset & Full-Scale Adjust 

For the values shown in figure 4, Rl will allow a ±7inV 
offset adjustment for the unipolar .case and ±15 mV for 
the bipolar case. R2 will allow a ±50mV a.djustment of 
full scale. 

5. Current Mode Operation 

Access to the summing junction of A3 affords current 
mode operation either with a resistive load or to drive a 
fast-settling external operational amplifier. The loop 
around A3 should not be closed in current mode opera
tion. There is a ±2.5V maximum compliance voltage at 
A2's output (pin 18) which restricts the maximum size 
of the load resistor; i.e., RL x IFULLSCALE ~ 2.5V. 

Note: IFULLSCALE "" 2 mAo 

6. Settling Time & Glitch Minimization 

The settling time of the DAC1200 series and. the glitch 
which occurs between major input code changes may be 
improved by placing a 10 to 30pF capacitor between 
pins 18 (current-mode output) and 19 (voltage mode 
outputl. The capacitor is used to cancel outPl:Jt capaci
tance of the current mode D/A and stray capacitance at 
pin 18. 

7. Current Output Boosting 

The DAC1200 series may be operated as a "power D/A" 
by including a current buffer such as the LH0002 or 
LH0063 in the loop with A3 as shown in figure 5. 

FIGURE 5. Current Boosted Output 

8. Logic Input Coding 

The sense of the logic inputs to the DAC1200 series is 
complementary; i.e., a given bit is Jurned ON by an 
active "low" input. Table I summarizes input status for 
the unipolar and bipolar complementary binary and BCD 
codes. 

Other input codes may also be used. For example, the 
twos complement code, which is used extensively in 
computer and microprocessor applications, may be con
verted to the DAC1200 complementary bipolar format by 
inverting all bits except the MSB. The inversion may be 
accomplished in the microprocessor by software control, 
or by hardware using standard hex-inverters. 

9. Reference Voltage 
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External reference voltages may be used with the 
DAC1200 series. Voltages other than 10.240 or 10.000V 
in the range of +5.0V to 11 V will work satisfactorilY 
for voltage mode operation. Full-scale voltage is always 
VREF - lLSB where 1 LSB = VREF/4096. Full-scale 
current may be predicted by: 

IFULLSCALE = (VREF)(0.19995117)mA 



(Note 8) 
CODE TYPE INPUT CODE OUTPUT STATE OUTPUT VOLTAGE OUTPUT CURRENT 

MSB LSB VREF = 10.240V 

0000 0000 0000 Full·Scale +10.2375V 2.0475mA 

Unipolar Complementary Binary 1111 1111 1110 1 LSB ON' +2.500mV 0.500JlA 

1111 1111 1111 Zero Scale Zero Zero 

0000 0000 0000 Full'Scale +10.235V +1.0235mA 

0111 1111 1111 Half Full-Scale -O_OOOV O.OOOmA 
Bipolar Complementary Binary 

1111 1111 1110 1 LSB ON -10.235V -1.0235mA 

1111 1111 1111 Zero Scale -10.240V -1.0240mA 

Note 8: Logic input sense is such that an active low (VIN ~ O.SVI turns a given bit ON and is represented as a logic "0" in the table. 

Definition of Terms 

Resolution 

Resolution is defined as the reciprocal of the number of 
discrete steps in the D/A output (as designed). It is 
directly related to the number of switches or'bits within 
the D/A. For example, the DAC1200 has 212 or 4096 
steps. Resolution may therefore be expressed variously 
as 12 bits, as 1 part in 212, as 1 part in 4096, or as a 
percentage (1/4096 x 100 = 0.0244%). 

Linearity Error 

Linearity error is the maximum deviation from a straight 
line passing through the endpoints of the D/ A transfer 
characteristic. It is measured after calibrating for zero 
and full-scale_ The linearity error of the DAC1200 series 
is guaranteed to be less than ±Y2 LSB or 0.0122% of F .S. 
for the DAC1200/1200C and ±0.0488% of F .S. for the 
DAC1201/DAC1201C. Linearity error is a design para
meter intrinsic to the device and cannot be externally 
adjusted. 

Offset Voltage 

Offset voltage is an output voltage other than zero volts 
for unipolar operation (and other than minus full-scale 
for bipolar operation) with all bits turned OFF. In the 
DAC1200 series this error resides primarily in the output 
amplifier, A3. Offset voltage is adjustable to zero as 
discussed in the applications section. 
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Power Supply Sensitivity 

Power supply sensitivity is a measure of the effect of 
power supply changes on the D/A full-scale output_ 

Settling Time 

Two settling time parameters are specified for the 
DAC1200 series. Full-scale settling time requires a zero to 
full-scale or full-scale to zero output change. One LSB 
settling time requires one LSB output .change. In both 
instances, settling time is the time required from a code 
transition until the D/ A output reaches within ±~ LSB 
of final output value. 

Monotonicity 

Monotonicity is a characteristic of the D/ A which re
quires a non-negative output step for an increasing input 
digital code. Monotonicity, therefore, demands no back 
steps or changes in sign of the slope of the D/A transfer 
characteristic. 

Full-Scale Error 

Full-scale error is a measure of the output error between 
an ideal D/A and the actual device output. Ideally, for 
the DAC1200 full-scale is VREF ~ 1 LSB. For VREF = 
10.240V and unipolar operation, VFULLSCALE = 
10.240V - 2_5mV = 10.2375V; Departures from this 
value include internal gain, scaling, and reference errors. 
Full-scale error is adjustable to zero as discussed in the 
Applications section_ 
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Typical Application 
DIGITAL INPUTS. TTL. CMOS r-____________ ~A, ______________ ~ 

LSB 

DilcI2DO.DACI201 

17 18 19 20 21 

lOMa 10M 
·+5V +ISV -15V VOUT 

DC Test Circuit 

lOOk FULL·SCALE 

~f 
lOOkU 

MADJUST 

+15V . -15V -15V 

20 Volt Full-Scale Complementarv D/A 

+15.0V 

.--___ .,"OFF" 

100k!!~ ....... IVOVM"!!-+ ___ f--I-I13 
lOT 

.--f--I-I14 
FULL SCALE 

-15V 15 

,::::lV.~vv~+-____ ~~~ 
-15V 

+5V 

+15V o-------+~ .... ----_I 

-15V o-----I--IHH--I 

VREF 

Cl = C2 = C3 = 4.71lF (solid tantalum) in parallel with a O.OlIlF ceramic disc 

Ordering Information 
25°C OPERATING 

PART NUMBER PACKAGE LINEARITY TEMPERATURE 
ERROR RANGE 

DAC1200HD Ceramic DIP 0.01% -55°C to +125°C 

DAC1201HD Ceramic DIP 0.05% -55°C to +125°C 

DAC1200HCD Cerarriic DIP 0.01% -25°C to +85°C 

DAC1201HCD Ceramic DIP 0.05% -25°C to +85°C 
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~National 
~ Semiconductor 

A to D, D to A 

MICRO-DAC™ DAC1208, DAC1209, DAC1210, DAC1230, 
DAC1231, DAC123212-Bit, IlP Compatible, Double-Buffered 
D to A Converters 
General Description 
The DAC1208 and the DAC1230 series are 12·bit multiply· 
ihg D to A converters designed to interface directly with a 
wide variety of microprocessors (8080, 8048, 8085, Z·80, 
etc.). Double buffering Inp'ut registers and associated con· 
trol lines allow these DACs to appear as a two·byte 
"stack" in the system's memory or 1/0 space with no addi· 
tional interfacing logic required. 

The DAC1208 series provides all 12 input lines to allow 
single buffering for maximum throughput when used with 
16·bit processors. These input lines can also be externally 
configured to permit an 8·blt data interface. The DAC1230 
series can be used with an 8·bit data bus directly as it in· 
ternally formulates the 12·bit DAC data from its 8 input 
lines. All of these DACs accept left·justified data from the 
processor. 

The analog section is a precision silicon·chromium (Si·Cr) 
R·2R ladder network and twelve CMOS current switches. 
An inverted R·2R ladder structure is used with the binary 
weighted currents switched between the IOUT1 and louT2 
maintaining a constant current in each ladder leg inde
pendent of the switch state. Special circuitry provides TTL 
logic input voltage level compatibility. 

The DAC1208 series and DAC1230 series are the 12-bit 
members of a family of microprocessor compatible DACs 
(MICRO.DACsTM). For applications requiring other resolu· 
tions, the DAC1000 series for 10·bit and DAC0830 series 
for 8-bit are available alternatives. 

Typical Application 

~ 

CONTROL BUS 
cs 

BYTE l/BVTEZ 

'1i~DA~TA~B~Us-'\.1 

Ordering Information 

VCC 

Features 
• Linearity specified with zero and full·scale adjust only 
• Direct interface to all popular microprocessors 
• Double·buffered, single-buffered or flow through digital 

data inputs 

• Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

• Works with ± 10V reference-full 4-quadrant 
multiplication 

• Operates stand·alone (without /LP) if desired 
• All parts guaranteed 12·bit monotonic 
• DAC1230 series is pin compatible with the DAC0830 

series 8-bit MICRO·DACs 

Key Specifications 
• Current Settling Time 

• Resolution 
• Linearity(Guaranteed 

over temperature) 

• Gain Tempco 
• Low Power Dissipation 
• Single Power Supply' 

SOil 
FULL-SCALE 

ADJUST 

l/Ls 
12 Bits 

10,11, or12 Bits of FS 

1.5 ppml"C 
20mW 

5Vocto15Voc 

>-4~-voUT 

-15V 

Package 
Accuracy 20·Pin 24·Pln 

D20A D24C 

0.012% DAC1230LCD DAC1208LCD 

0.024% DAC1231 LCD DAC1209LCD 

0.05% DAC1232LCD DAC1210LCD 

MICRO.OAC™ IS a trademark of National Semiconductor Corp. 
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I Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings 
Supply Voltage (Vcc) , 17Voc Temperature Ra~ge -40·Cto +S5°C' 
Voltage at Any Digital Input VcctoGND Range of Vcc 4.75Voc t016Voc 
Voltage at VREF Input ±25V Voltage at Any Digital Input VcctoGND 
Storage Temperature Range -65·Cto + 150·C 

Package Dissipation at TA = 25°C (Note 3) 500mW • Military temperature range device will be available In future. 
DC Voltage Applied to IOUT1 or IOUT2 -100mVtoVcc 

(Note 4) 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics TA = 25°C, VREF = 10.000 Voc, Vcc = 11.4 Vec to 15.75 Vec unless otherwise noted. 

Parameter Conditions Min Typ Max Units Notes 

Resolution 12 , 12 12 Bits 

Li nearity Error Zero and Full-Scale 4, 7 
(End Point Linearity) Adjusted 

TMIN<TA<TMAX 6 
-10VSVREF S10V 5 
DAC120S, DAC1230 0.012 % of FSR 
DAC1209, DAC1231 0.024 % of FSR 
DAC1210, DAC1232 0.05 % of FSR 

Differential Non-Linearity Zero and Full-Scale 4, 7 
Adjusted 

TMIN<TA<TMAX 6 
-10VsVREF S10V 5 
DAC120S, DAC1230 0.012 % of FSR 
DAC1209, DAC1231 0.024 % of FSR 
DAC1210, DAC1232 0.05 % of FSR 

Monotonicity TMIN<TA<TMAX 4,6 
-10V s VREF S10V 12 12 12 Bits 5 

Gain Error USing Internal RFb 
-10VsVREF S10V -0.2 -0.01 0.0 % ofFS 5 

Gain Error Tempco TMIN<TA<TMAX 6, 7 
USing Internal RFb ±1.3 ±6.0 ppm of FS/oC 10 

Power Supply Rejection All Digital Inputs ±3.0 ppm of FSRIV 7 
Latched High 

Reference Input Resistance 10 15 20 kG 

Output Feedthrough Error VREF = 20 Vp-p, f = 100 kHz 3 mVp-p 9 
All Data Inputs Latched 
Low 

Output Capacitance All Data Inputs IOUT1 200 pF 
Latched High IOUT2 70 pF 
All Data Inputs IOUT1 70 pF 

, Latched Low IOUT2 200 pF 

Supply Current Drain TMINSTAsTMAX 1.2 2.0 rnA 6 

Output Leakage Current TMINSTAsTMAX 6,11 
IOUT1 All Data Inputs Latched 15 nA 6,11 

Low 

IOUT2 All Data Inputs Latched 15 nA 
High 

Digital Input Threshold TMINSTASTMAX 6 
Low Threshold 0.8 Voc 
High Threshold 2.0 Voc 

Digital Input Currents TMINSTASTMAX 6 
Digital Inputs <0.8V -50 -200 !"Aoc 
Digital Inputs >2.0V 0.1 10 !"Aoc 
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Electrical Characteristics (Continued) 

TA = 25°C, VREF = 10.000 Voc, Vcc = 11.4 Voc to 15.75 Voc unless otherwise noted. 

Parameter Conditions Min Typ Max Units Notes 

ts Full·Scale Current RL = 1000, Output Settled 1 (1.5 

Settling Time to 0.01 % CS=WR1 = 

WR2=XFER=OV, Byte 11 
Byte 2 = 5V, 010 through 

01 11 Switched 

Simultaneously 

tw Write and XFER VIL=OV, VIH=5V 320 50 ns 8,10 

Pulse Width TMIN,,;;TA,,;;TMAX 320 80 - ns 6,8,10 

tos Data Set-Up Time VIL=OV, VIH=5V 320 70 ns 10 

TMIN,,;;TA,,;;TMAX 320 80 - ns 6,10 

tOH Data Hold Time VIL = OV, VIH = 5V 90 50 ns 10 

TMIN,,;;TA,,;;TMAX 90 60 ns 6,10 

tcs Control Set-Up Time VIL=OV, VIH=5V 320 60 - ns 10 

TMIN,,;;TA,,;;TMAX 320 100 - ns 6,10 

tCH Control Hold Time VIL = OV, VIH = 5V 10 0 ns 10 

TMIN,,;;TA,,;;TMAX 10 0 - ns 6, 10 

Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to 
Imply that the devices should b. operated at these "Absolute Maximum" limits. 

Note 2: All voltages are measured wltli respect to GNO. unless otherwise specified. 

Nole 3: This SOO mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there Is no way to significantly 
modify the power dissipation) removes concern for heat sinking. 

Note 4: Both 10UTl and IOUT2 must go to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately 
VOS+VREF. For example. if VREF= 10V then a 1 mVoffset, VOS. on lOUT! or IOUT2 will Introduce an additional 0.01% linearity error. 

Nole 5: Guaranteed at VREF = ± 10 VOC and VREF = ± 1 VOC' 
Nole6: TMIN= -40·C and TMAX = 85·C. 
Nole 7: The unit FSR stands for full·scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a par· 
tlcularVREF value to Indicate the true performance of the part. The linearity Error specification of the OACI208ls 0.012% of FSR(max). This guarantees that 
after performing a zero and.full·scale adjustment. the plot of the 4096 analog voltage outputs will each be within 0.012% x VREF of a straight line which 
passes through zero and full·scale. The unit ppm of FSR (parts per million of full·scale range) and ppm of FS(parts per million of full·scale) are used forconven· 
lence to define specs of very small percentage values. typical of higher accuracy converters. In this instance. 1 ppm of FSR = VREF/l061s the conversion fac· 
tor to provide an actual output voltage quantity. For example. the gain error tempco spec of ± 6 ppm of FS/·C represents a worst·case full·scale gain error 
change with temperature from - 40·C to + 85·C of ± (6)(VREF/l06)(12S·C) or ± 0.7S (10 - 3) VREF which Is ± 0.07S% of VREF. 
Nole 8: This spec Implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tW) of 320 ns. A typical part will operate with tw of 
only 100 ns. The entire write pulse must occur within the valid data interval for the specified tWo tOS. tOH and ts to apply. 

Nole 9: To achieve this low feedthrough In the 0 package. the user must ground the metal lid. If the lid Is left floating the feedthrough Is typically 6 mY. 

Nole 10: Guaranteed by design but not tested. 

Nole 11: A 10 nA leakage current with RFb=20k and YREF= 10V corresponds to a zero error of (lOx 10-9 x 20 x 103) x 100% lOY or 0.002% of FS. 

Connection Diagrams 
Dual-In-Line Package Dual-In-Line Package 

cs ...! !!. Vcc cs ..!. r!.!!. vce 

WR1..! E..BYTEHBYTEZ WRj...!. ~ BYTE l/BYTE2 

AGNO ..1 E. WRZ AGNO ..l !!... WRZ 

015...! !L Xl'Eii 
017...! .!.!.. XFER 

014...! .!!. 016 
Ols ...! ..!.!.. 018(010) 

OAC1Z0B, OAC1230. 
013;;! OAC1Z09, !!.. 01 OAC1231 • 

OAC1210 . 7 
015....! OAC1Z3Z ..!.!.. 019(011) 

OIZ -2. 
" 

.!!.. OIS 
014 .2. ..!!. 0110(012) 

Oil...! !!... Dig 

OloILSS)...! .!!. 0110 
VREF ...! ..!.!. Oln (MSSI (013) 

VREF ..!.!!. .!!.. OII1IMSB) Rn ....! .!!..IOUTZ 

RFb ...!! .!!.. 10UTZ OGNO ..!.!!. .!.!..IOUT1 

OGNO ...!! .!.!.. IOUT1 
TOP VIEW 

TOP VIEW 
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Switching Waveforms 
VIH 

cs. BYTE 1/iVTfi 

VIL 

VIH 

Wi! 
VIL 

VIH 

DATA BITS 

VIL 

10UTI.IOUTZ 

·cs----1 
50" 5011 

5Il!I 50% 

'S_I--
________ --'r~SETTLEOTO 

±112 LSB 

Typical Performance Characteristics 

2.4 

~ 2.0 

9 
C) 1.8 

I 1: 1.2 

~ D •• 

is OA 

o 

I g 0.0 

: G.005 

ffi 
!! 
~ -0.005 .. a -O.Ot 

Digital Input Threshold 
vsVee 

TA! -40JC ...-
I-' 

f-I--~ 
TA' 2&"C 

I-' I-- I""" 
TA "8&"C I--

o 10 15 

Vcc -SUPPLY VOLTAGE (V) 

Gain and Linearity Error 
Variation vs Supply Voltage 

TA-26°C 

l-l-a~ERR!R-I-
6liAiN ERROR 

10 15 

Vcc -SUPPLVVOLTAGE (Voc) 

Digital Input Threshold vs 
Temperature 

2.4 r-.--,-.,..,--;---r--,--,--, 

~ 2.0 1-+-+-+++-+-+-+-1 
" c: 1.6 r';';::"...;;1:::--+-+ 

~ 
1: 1.2 t-+-+-f''''''~''''~-+-I ... 
g. 0.8 I-t-t-t-+ 
!!! 

" 0.4 1-+-+-+++-+-+-+-1 

I 500 
ill ;:. 

400 is ; 300 ... 
co .. ... 200 
'" fl 
I 100 
!'l 

-35 -15 5 25 45 65 85 

'TA -AMBIENTTEMPERATURE rCI 

Control Set·Up Time, tes 

VINL .~v I 

VINH '3V75V 

1 
Vcc '5V I---~ 

I- r-1" 'j 
r--t- r-VCC"0V 

VCC·15V 

-35 -15 5 25 45 65 85 

TA - AMBIENTTEMPERATURE ('C) 

l 0.0 I 
to 
~ 0.00& 
ffi 
!! 
~ -0.006 
z 5 -0.0 I 

-.. 500 
oS .. 
!! 400 .... 
9 
" 300 '" ~ 

200 ", 
I 

'" ~ 100 

Gain and Linearity Error 
Variation vs Temperature 

Vcc '15 voc' 

a~: l- I-

~Y' 

.... aLlNEARITV 

", 

-35 -15 5 25 45 65 85 

TA - AMBIENTTEMPERATURE ('CI 

Data Hold Time, tOH 

VI~L '~V I 
VINH • 3V TO 5V 

111 
Jec-kJ 

'''"'Ii r--t-VCC"15V, I 

~ r-r-r-r---
t-~~ . r--t-

-35 -15 5 25 45 55 85 

TA - AMBIENT TEMPERATURE ('C) 

Wrlt,e Pulse Width, tw Data Set·Up Time, tos 

500 

I 
~ 400 

is Ii 300 

~ 200 

100 

VI~L.JV I 
VINH " 3V TO 5V 

- l-E. --.;... ~ 
VCC'15V 

-35 -15 5 25 45 65 85 

TA - AMBIENTTEMPERATURE ('CI 

, 
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Definition of Package Pinouts 

CONTROL SIGNALS (all control signals are level 
actuated) 

cs: Chip Select (active low). The CS will enable WR1. 

WR1: Write 1. The active lowWR1 is used to load the digit
al data bits (01) into the input latch. The data in the input 
latch Is latched when WR1 is high. The 12-bit input latch 
Is split into two latches, one holds the first 8 bits, while the 
other holds 4 bits. The Byte 1/Byte 2 control pin is used to 
select both latches when Byte 1/Byte 2 is high or to over
write the 4-blt input latch when In the low state. 

Byte 1/Byte 2: Byte Sequence Control. When this control 
is high, all 12 locations of the input latch are enabled. 
When low, only the four least significant locations of the 
Input latch are enabled. 

WR2: Write 2 (active low). The WR2 will enable ~FER. 

XFER: Transfer Control Signal (active low). This signal, in 
Combination with WR2, causes the 12-blt data which is 
available in the Input latches to transfer to the DAC 
register. 

010 to Dhl: Digital Inputs. DID is the least significant 
digital Input (LSB) and Di" Is the most significant digital 
Input (MSB). 

10UT1: DAC Current Output 1. 10UTl Is a maximum for a 
digital code of all1s In the DAC register, and Is zero for all 
Os in the DAC register. 

IOUT2: DAC Current Output 2. IOUT2 is a constant minus 
loun, or loun + 10UT2 = constant (for a fixed reference 
voltage). This constant current Is 

VREFX (1:"'_1_) 
4096 

divided by the reference input resistance. 

RFb: Feedback Resistor. The feedback resistor is provid
ed on the IC chip for use as the shunt feedback resistor for 
the external op amp which is used to provide an output 
voltage for the DAC. This on-chip resistor should always 
be used (not an external resistor) since it matches the 
resistors which are used In the on-chlp R-2R ladder and 
tracks these resistors over temperature. 

VREF: Reference Voltage Input. This Input connects an ex
ternal precision voltage source to the internal R-2R ladder. 
VREF can be selected over the range of 10V to -10V. This is 
also the analog voltage Input for a 4-quadrant multiplying 
DAC application. 

DIGITAL INPUT 

a) End point test after zero 
and FS adjust 
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Vce: Digital Supply Voltage. This is the power supply pin 
forthe part. Vcc can be from 5 Voc to 15 Voc. Operation is 
optimum for 15 Voc. 

AGND: Analog Ground. This is the ground for the analog 
circuitry. 

DGND: Digital Ground. This is the ground for the digital 
logic. 

Definition of Terms 
Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. 
For example, the DAC1208 has 2'2 or 4096 steps and 
therefore has 12-bit resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter Intrin
Sic to the device and cannot be externally adjusted. 

National's linearity test (a) and the best straight line test 
(b) used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end pOint test uses a standard zero FS ad
justment procedure and Is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full-scale output. 

Settling Time: Full-scale current settling time requires 
zero to full-scale or full-scale to zero output change. Set
tling time is the time required from a code transition until 
the DAC output reaches within ± 1/2 LSB of the final out
put value. 

Full-Scale Error: FulH;cale .error is a measure of the out
put error between an ideal DAC and the actual device out
put. Ideally, for the DAC1208 or DAC1230 series, full
scale Is VREF-1 LSB. For VREF = 10V and unipolar opera
tion, VFULL.SCALE = 10.0000V-2.44 mV = 9.9976V. Full· 
scale error is adjustable to zero. 

Differentia, Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the 
theoretical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increas
ing digital Input code, then the DAC is monotonic. A 12-bit 
DAC which is monotonic to 12 bits simply means that In
put increasing digital input codes will produce an increas
ing analog output. 

b) Shifting FS adjust to pass 
best straight line test 
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ApplicationH ints 

1.0 DIGITAL INTERFACE 

These DACs are designed to provide all of the necessary 
digital input circuitry to permit a direct interface to a wide 
variety of microprocessor systems. The timing and'iogic 
level convention of the Input control signals allow the 
DACs to be treated as a typical memory device or I/O peri· 
pheral with no external logic required In most systems. 
Essentially these DACs can be mapped as a two-byte 
stack In memory (or I/O space) to receive their 12 bits of In· 
put data In two successive 8·bit data writing sequences. 
The DAC1230 series Is intended for use in systems with an 
8·bit data bus. The DAC1208 series provides all 12 digital 
input lines which can be externally configured to be con· 
trolled from an 8·blt bus or can be driven directly from a 
16·blt data bus. 

01, 

01, 

01, 

OIS 

DIS 

01. 

15 

IS 

11 

IB 

19 

2D 

• 
5 

0 

0 

0 

0' 

0 

0 

0 

0 

0 
0 

0 
a·BIT 0 

INPUT 
0 LATCH 

0 

0 

0 

LE 

All of the digital Inputs to these DACs contain a unique 
threshold regulator circuit to maintain TTL voltage level 
compatibility Independent of the applied Vee to the DAC. 
Any Input can also be driven from higher voltage CMOS 
logic levels In non·mlcroprocessor based systems. To 
prevent damage to the chip from static discharge, all 
unused digital Inputs should be tied to Vee or ground. As a 
troubleshooting aid, If any 0,1 the digital Inputs are In· 
advertently left floating, the DAC will interpret the pin as a 
logic "1". 

Double buffered digital Inputs allow the DAC to Internally 
format the 12·bit word used to set the current switching 
R·2R ladder network (see section 2.0) from two 8·blt data 
write cycles. Figures 1 and 2 show the Internal data 
registers and their controlling logic circuitry. The timing 
diagrams for updating the DAC output are shown in sec· 
tlons 1.1, 1.2 and 1.3 for three possible control modes. The 
method used depends strictly upon the particular 
application. 
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FIGURE 1. DAC1208, DAC1209, DAC1210 Functional Diagram 
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Application Hints (Continued) 

1.1 Automatic Transfer 

The 12·bit DAC word is automatically transferred to the DAC register and the R·2R ladder when the second write (the 4 LSBs of 
the data) occurs. 

DATA BUS --<~ ___ V_AL_ID __ -J)>-------«~ __ V_AL_ID __ J)>-------

\ _______ 1 

BYTE l/BYTE2 ----------------"'\ 
AND imii \. ______ ====:-__ 

ANALOG OUTPUT 

iiiil ANDWR2 \~_--II 
LOAD B·BIT INPUT 

LATCH (4·BITINPUT 
LATCH ALSO CHANGED) 

/jPDATED 

\ 
:r,O;::-:':A"'N""'A"'LO"'G""O"'UT"'P"'UT:--

._ LATCHED 

OVERWRITE THE 4-8IT 
INPUT LATCH AND TRANSFER 

ALL 12 BITS TO THE OIA 

1.2 Independent Processor Transfer Control 

In this case a separate address is decoded to provide the XFER Signal. This allows the processor to load the next required 
DAC word but not change the analog output until some time later, most useful for the simultaneous updating of several DACs 
In a system where their XFER lines would be tied together. 

DATA BUS ----« ... __ V_A_LI_O _~)>----'---« ... __ V_A_LlD_-J>---------------

BYTE 1IB'ifiZ 

iiiil ANOWilZ 

. 
LOAD B·BIT INPUT 

LATCH (4-BIT INPUT 
LATCH ALSO CHANGED) 

1.3 Transfer via an External Strobe 

\ ... _____ ---"~~: = = = = = = = = = = 

. 
OVERWRITE 4-BIT 

INPUT LATCH 

\~ __ ~I 
ANALOG OUTPUT 
UPDATED 

. 
TRANSFER 12·BIT DAC 

WORD TO THE DIA 

ANALOG OUTPUT 
LATCHED 

This method is basically the same as the previous operation except the XFER signal is provided by a device other than the 
processor. This allows the DAC to hold the code for a conditional analog output signal which will be required on demand from 
an external monitoring device (an analog voltage comparator for Instance). 

DATA BUS ----«~ __ V_AL...,IO--J)>-----«~--V-AL-IO--J)>----------------

BYTE t/BYTE 2 

WR2l1ed to a logic low (OY) 

. 
LOAD B·BIT INPUT 

LATCH I4·BIT INPUT 
LATCH ALSD CHANGED) 

\ r-------
.... ---------------------~~-------

"----"r----~\~l------------

. 
OVERWRITE 4·BIT 

INPUT LATCH 
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Application Hints (Continued) 

1.4 Left.Justlfied Data Format 

It is Important to realize that the Input register~ of these 
DACs are arranged to accept a left·Justifled data word 
from the microprocessor with the most significant 8 bits 
coming first (Byte 1) and the lower 4 bits second. Left 
justific~tlon simply means that the binary point is as· 
sumed to be located to the left qf the most significant bit. 
Figure 3 shows how the 12 bits of DAC data should be 
arranged In 2 8-bit registers of an 8-blt processor before 
being written to the DAC. 

x = don't care 

FIGURE 3. Left·Justlfied Data Format 
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IBI 
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16·BIT 
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SVSTEM 
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I 
I 

81 

71 

BI 

91 

0 

0 

0 

0 

11 

1.5 16·Blt Data Bus Interface 

The DAC1208 series provides all 12 digital input lines to 
permit a direct parallel Interface to a 16-bit data bus. In this 
instance, double buffering is not always necessary (un· 
less a simultaneous updating of several DACs or a data 
transfer via an external strobe is desired) so the 12-blt DAC 
register can be wired to flow·through whereby its Q out· 
puts always reflect the state of its 0 inputs. The external 
connections required and the timing diagram for this 
single buffered application are shown in Figure 4. Note 
that either left or rlght·Justified data from the processor 
can be accommodated with a 16-bit data bus. 

1.6 Flow·Through Operation 

Through primarily designed to provide microprocessor 
interface compatibility, the MICRO·DACs can easily be 
configured to allow the analog output to continuously 
reflect the state of an applied digital input. This is most 
useful in applications where the DAC is used in a con· 
tinuous feedback control loop and is driven by a binary up· 
down counter, or in function generation circuits where a 
ROM is continuously providlng DAC data. 

TO 
CURRENT 
SWITCHES 

[E 

Interface Timing 

18·BIT < VALID > DATA BUS 

CS ~ I 
Wiii ANALOG OUTPUT .-/' ANALOG OUTPUT 

UPDATED LATCHED 

XFER and WR2 grounded; Byle l/Byle 2 tied 10 Vee. 

FIGURE 4. 16-Blt Data Bus Interface for the DAC1208.Serles 
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Application Hints (Continued) 

Only the DAC1208, DAC1209, DAC1210 devices can have 
all 12 Inputs flow·through. Simply grounding CS, WR1, 
WR2 and XFER and tying Byte 1/Byte 2 high allows both 
internal registers to follow the applied digital inputs (flow· 
through) and directly affect the DAC analog output. 

1.7 Address Decoding Tips 

It is possible to map the MICRO·DACs into system ROM 
space to allow more efficient use of existing address 
decoding hardware. The DAC in effect could share the 
same addresses of any number of ROM locations. The 
ROM outputs will only beenabled by a READ of its address 
(gated by the system READ strobe) and the DAC will only 
accept data that is written to the same address (gated by 
the system WRITE strobe). 

The Byte 1/Byte 2 control function can easily be gener
ated by the processor's least significant address bit (AO) 
by placing the DAC at two consecutive address locations 
and utilizing double·byte WRITE instructions which 
automatically increment or dec~ement the address. The 
CS and XFER signals would then be decoded from the reo 
maining address bits. Care must be taken in selecting the 
actual address used for Byte 1 of the DAC to prevent a 
carry (as a result of incrementing the address for Byte 2) 
from propagating through the address word and changing 
any of the bits being decoded for CS or XFER. Figure 5 
shows how to prevent this effect. 

The same problem can occur from a borrow when an auto· 
decremented address is used; but only if the processor's 
address outputs are inverted before being decoded. 

,1.8 Control Signal Timing 

When interfacing these MICRO·DACs to any micropro· 
cessor, there are two important time relationships that 
must be considered to insure proper operation. The first is 
the minimum WR strobe pulse width' which is specified as 
320 ns forVcc= 11.4V to 15.75V and operation over temper· 
ature, but typically a pulse width of only 250 ns is ade· 
quate. A second consideration is that the guaranteed 
minimum data hold time of 90 ns should be met or errone· 
ous data can be latched. This hold time is defined as the 
length of time data must be held valid on the digital inputs 
after a qualified (via CS) WR strobe makes a low to high 
transition to latch the applied data. 

If the controlling device or system does not inherently 
meet these timing specs the DAC can be treated as a slow 
memory or peripheral and utilize a technique to extend the 
write strobe. A simple extension of the write time, byadd· 
ing a wait state, can simultaneously hold the write strobe 
active and data valid on the bus to satisfy the minimum 
WR pulse width. If this does not provide a sufficient data 
hold time at the end of the write cycle, a negative edge trig· 
gered one·shot can be included between the system write 
strobe and the WR pin of the DAC. This is illustrated in 
Figure 6 for an exemplary system which provides a 250 ns 
WR strobe time with a data hold time of only 10 ns. 

Write Address Bits 
Cycle 

15 2 1· 

First , 
• I 

0 
(Byte 1) Decoded to 

Second Address DAC 
1 

(Byte 2) 

* Starting with a 0 prevents a carry on address Incrementing . 

ONE· 
SHOT 

• • Used as Byte l/Byte2 Control 

FIGURE5 

OATA BUS 

DAC1230 

OATA V OATA VALID 

0·· 

1 

0 

BUS --A ____ -,.. ____ ~_ 

~ SYSTEM DATA HOLD TIME (10 •• ) 

SYSTEM --""'~W"'R~~R~~~BE D~A~~'T -i--+--
WRITE STROBE (250 •• 1 1250 •• ) 

Wii 
(OUTPUT OF 

ONE-SHOTI 

FIGURE 6. Accommodating a High Speed System 
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Application Hints (Continued) 

The proper data set·up time prior to the latching edge (low 
to high transition) of the WR strobe, is insured if the WR 
pulse width Is within spec and the data is valid on the bus 
for the duration of the DAC WR strobe. 

1.9, Digital Signal Feedthrough 

A typical digital/microprocessor is a tremendous poten· 
tial source of high frequency noise which can be coupled 
to sensitive analog circuitry. The fast edges of the data 
and address bus signals generate frequency components 
of 10's of megahertz and may cause fast transients to 
appear at the DAC output, even when data is latched 
Internally. 

In low frequency or DC applications, low pass filtering can 
'reduce the magnitude of any fast transients. This is most 
easily accomplished by over·compensatlng the DAC out· 
put amplifier by Increasing the value of Its feedback 
capacitor. 

5V 

15V 

~fROM 

~~::~'-~~--~~~Jl~~ 

Wil ~~1~~ .-++ .. 
ifffii fROM 

ADDRESS .-. ..... +--"1I~"I 
DECODER 

ADDRESS BIT 0 

LOW fOR BYTE 1 ----t--r~>o-----------------.J HIGH fOR BYTE 2 • 

In applications requiring a fast output response from the 
DAC and op amp, filtering may not be feasible. lri this 
event, digital signals can be completely Isolated from the 
DAC circuitry, by the use of a DM74LS374 latch, until a 
valid CS signal is applied to update the DAC. This Is 
shown in Figure 7. 

A single TRI-5TATE\!) data buffer such as the DM81LS95 
can be used to isolate any number of DACs in a system. 
Figure 8 shows this isolating circuitry and decoding hard· 
ware for a multiple DAC analog output card. Puli·up 
resistors are used on the buffer outputs to limit the imped· 
ance at the DAC digital inputs when the card. is not 
selected. A unique feature of this card is that the DAC 
XFER strobes are controlled by the data bus. This allows 
a very flexibie update of any combination of analog out· 
puts via a transfer word which would contain a zero in the 
bit position assigned to any of the DACs required to 
change to a new output value. 

ANALOG 
OUTPUT 

FIGURE 7. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling 

TRI-STATE- Is 8 registered trademark of National Semiconductor Corp. 
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Application Hints (Continued) 

2.0 ANALOG APPLICATIONS 

The analog output signal for these DACs is derived from a 
conventional R·2R current switching ladder network. A 
detailed description of this network can be found on the 
DAC1000 series data sheet. Basically, output loun 
provides a current directly proportional to the product of 
the applied reference voltage and the digital Input word. A 
second output, IOUT2 will be a current proportional to the 
complement of the digital Input. Specifically: 

VREF D 
IOUTl = 15k x '4096 ~ 

I _ VREFX 4095-D 
OUT2- 15k 4096' 

where D Is the decimal equivalent of the applied 12·bit 
binary word (ranging from 0 to 4095), VREF Is the voltage 
applied to the VREFterminal and 15 kG Is the nominal value 
of the internal resistance, R, of the R·2R ladder. 

2.1 Obtaining a Unipolar Output Voltage 

To maintain linearity of output current with changes in the 
applied digital code, It is important that the voltages at 
both of the current output pins be as near ground potential 
(0 Voc) as possible. With VREF= +10V every millivolt 
appearing at either IOUT1 or 10UT2 will cause a 0.01 % 
linearity error. In most applications this output current is 
converted to a voltage by using an op amp as showp in 
Figure 9. 

The inverting input of the op amp is a virtual ground 
created by the feedback from Its output through the inter· 
nal 15 kG resistor, RFb' All of the output current (deter· 
mined by the digital input and the reference voltage) will 
flow through RFb to the output of the amplifier. Two· 
quadrant operation can be obtained by reversing the 
polarity of VREF thus causing IOUT1 to flow into the DAC 
and be sourced from the output of the amplifier. The out· 
put voltage, in either case, is always equal to IOUT1 X RFb 
and is the opposite polarity of the reference voltage. ' 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V to + 10V. 
The DAC can be thought of as a digitally controlled attenu· 
ator: the output voltage is always less than the applied 
reference voltage. The V REF terminal of the device 
presents a nominal impedance of 15 kG to ground to exter· 
nal circuitry. 

Always use the Internal RFb resistor to create an output 
voltage since this resistor matches (and tracks with tem· 
perature) the value of the resistors used to generate the 
output current (IOUT1 )' 

The selected op amp should have as Iowa value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage 
error which can be significant ,in low reference voltage 
applications. BI·FET™ op amps are highly recommended 
for use with these DACs because of their very low input 
current. 

VOUT = - (IOUTl x RFb) 

-VREF(O) 
=~ 

lor 0:50:54095 

FIGURE 9. Unipolar Output Con~lguration 

BI.FET™ is a trademark ot National Semiconductor Corp. 
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Application Hints (Continued) 

Transient response and settling time of the op amp are 
important in fast data throughput applications. The larg
est stability problem is the feedback pole created by the 
feedback resistance, RFb, and the output capacitance of 
the DAC. This appears from the op amp output to the (-) 
input and includes the stray capacitance at this node. 
Addition of a lead capacitance, Cc in Figure 9, greatly 
reduces overshoot and ringing at the output for a step 
change in DAC output current. 

2.1_1 Zero and Full-Scale Adjustments 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset 
errors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the volt
age appearing at .the DAC outputs as near 0 Voc as possi
ble. This is accomplished by shorting out RFb, the 
amplifier feedback resistor, and adjusting the Vos nulling 
potentiometer of the op amp until the output reads zero 
volts. This is done, of course, with an applied digital code 
of all zeros if IOUTlls driving the op amp (all ones for IOUT2)' 
The short around RFb is then removed and the converter Is 
zero adjusted. 

A unique feature of this series of DACs is that the full
scale or gain error is guaranteed to be negative. The gain 
error specification Is a measure of how' close the value of 

15V 

::!:VREF 
I-FULL.sCALE 

ADJUST) 

24 

10 

VCC 

VREF 

InpulCodo 
MSa ••.••• LSa 

(+FULL·SCALE 
ADJUST) 

+VREF 

111111111111- VREF -1 LSB 

110000000000 VREF/2 

100000000000 0 

011111111111 -1 LSB 

the internal feedback resistor, RFb, matches the R-2R 
ladder resistors. A negative gain error indicates that RFb Is 
a smaller resistance value than it should be. To adjust this 
gain error, some resistance must always be added in 
series with RFb• The 500 potentiometer shown Is sufficient 
to adjust the worst-case gain error for these devices. 

2.2 Bipolar Output Voltage from a Fixed Reference 

The addition of a second op amp to the unipolar output cir
cuit can generate a bipolar output voltage from a fixed 
reference voltage. This, in effect, gives sign significance 
to the MSB of the digital input word to allow two quadrant 
multiplication of the reference voltage. The polarity of the 
reference can also be reversed to realize full 4-quadrant 
multiplication. This circuit is shown In Figure 10. 

This configuration features several improvements over 
existing circuits for a bipolar output shown with other 
multiplying DACs. Only the offset voltagl! of amplifier 1 
affects the linearity of the DAC. The offset voltage error of 
the second op amp (although a constant output error) has 
no effect on linearity. In addition, this configuration offers 
a non-interactive positive and negative full-scale calibra
tion procedure. 

Ideal VOUT 

-VREF 

-IVREFI +1 LSa 

-IVREFI/2 

0 

+1 LSB 

2R 
1Dk 

( 0-2048) 
VOUT=VREF 2048 

lor 0" 0,,4095 

1 LSB= IVREFI 
2048 

VOUT 

001111111111 _ VREF -1 LSB 
2 

IVREFI +1 LSB 
2 

000000000000 -VREF +IVREFI 

FIGURE 10_ Bipolar Output Voltage Configuration 
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Application Hints (Continued) 

2.2.1 Zero and Full·Scale Adjustments 

To calibrate the bipolar output circuit, three adjustments 
, are required. The first step is to set all of the digital Input 

LOW (to force 10UT1 to 0) then null the Vos of amplifier 1 by 
setting the voltage at its inverting Input (pin 2) to zero volts. 
Next, with a code of all zeros still applied, adjust "-full
scale adjust", the reference voltage, for Vour= ± IVREF 
ideal I. The polarity of the output voltage at this time will 
be opposite that of the applied reference. Finally, set all of 
the digital inputs HIGH and adjust" + full-scale adjust" for 

2047 
Vour=VREF --. 

2048 

The polarity of the output will be the same as that of the 
reference voltage. ' 

3.0 APPLICATION IDEAS 

In this section the digital Input word Is represented by the 
letter 0 and is equal to the decimal equivalent of the 12-bit 
binary input. Hence 0 can be any integer value between 0 
and 4095. 

Composite Amplifier for Good DC Characteristics and Fast Output Response 
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~ National . ' 
~ Semiconductor 

A to D, D to A 
PRELIMINARY 

DAC1218, DAC1219 12·Bit Binary Multiplying D/A Converter 

General Description 
The DAC1218 and the DAC1219 are 12·bit binary, 
4·quadrant multiplying D to A converters. The linearity, dif· 
ferential non·linearity and monotonicity specifications for 
these converters are ali guaranteed over temperature. In 
addition, these parameters are specified with standard 
zero and fuli·scale adjustment procedures as opposed to 
the Impractical best fit straight line guarantee. 

This level of precision is achieved through the use of an 
advanced sllicon·chromium (SICr) R·2R resistor ladder 
network. This type of thin·fllm resistor eliminates the 
parasitic diode problems associated with diffused 
resistors to aliow the applied reference voltage to range 
from - 25V to 25V, Independent of the logic supply 
voltage. 

CMOS current switches and drive circuitry are used to 
achieve low power consumption (20 mW typical) and 
minimize output leakage current errors (10 nA maximum). 
Unique digital input circuitry maintains TTL compatible 
Input threshold voltages over the full operating supply 
voltage range. 

The DAC1218 and DAC1219 are direct replacements for 
the AD7541 series, AD7521 series, and AD7531 series with 
a significant improvement in the linearity specification. In 
applications where direct interface of the D to A converter 
to a microprocessor bus is desirable, the DAC1208 and 
DAC1230 series eliminate the need for additional 
interface logic. 

Typical Application 

±1DV 

Vour= -VREF - + - + - + ... -( AI A2 A3 A12) 
2484096 

where: AN = I if dlgllallnputls high 

AN = 0 If dlgllalInpulIs low 

Features 
• Linearity specified with zero and full·scale adjust only 
• Logie Inputs which meet TTL voltage level specs (1.4V 

logic threshold) 
• Works with ± 10V, feference-full 4·quadrant 

multiplication 

• Ail parts guaranteed 12·bit monotonic 

Key Specifications 
• Current Settling Time 
• Resolution 
• Linearity(Guaranteed 

overtemperature) 

• Gain Tempco 
., Low Power Dissipation 

• SinglePowerSupply 

11'S 

~2Blts 

12 Bits (DAC1218) 
11 Bits (DAC1219) 

1.5ppm/·C 
20mW 

5Voct015Voc 

Connection Diagram 

ISV 

Dual-ln·Llne Package 

IDun 
18 • RFb 

IDUT2 
17 
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16 

DUTPUT Vee 

AlIMSBI 
IS 

A12 

14 
A2 All 

13 
A3 AID 

A4 
12 

A9 

AS 11 AB 

lD 
A6 A7 

TDP VIEW 

Order Number DAC1218LD, DAC1218LCD, 
DAC1219LD or DAC1219LCD 

See NS Package D18A 
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Absolute Maximum Ratings (Notes 1 and2) Operating Ratings 
Supply Voltage (Vecl 17Voe Temperature Range 

Voltage at Any Digital Input VeetoGND DAC1218LD, DAC1219LD -55·Cto +125·C 

Voltage at V REF Input ±25V DAC1218LCD, DAC1219LCD -40·Cto + 85·C 

Storage Temperature Range -65·Cto + 150·C Range of Vce 5 Voe to 16Voe 

Package Dissipation alTA = 25·C (Note 3) 500mW Voltage at Any Digital Input VeetoGND 

DC Voltage Applied to 10UT1 or IOUT2 -100mVtoVee 
(Note 4) 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics TA =25·C, VREF = 10.000 voe, Vee = 11.4 Voe to 15.75 Voe unless otherwise noted. 

Parameter Conditions Min Typ Max Units Notes 

Resolution 12 12 12 Bits. 

Linearity Error Zero and Full·Scale 4, 7 
(End Point Linearity) Adjusted 

TM1N<TA<TMAX 6 
-10VSVREFS10V 5 
DAC1218 0.012 % of FSR 
DAC1219 0.024 % of FSR 

Differential Non·Linearity Zero and Full-Scale 4, 7 
Adjusted 

TM1N<TA<TMAX 6 
-10VsVREF S10V 5 
DAC1218 0.012 % of FSR 
DAC1219 0.024 % ofFSR 

Monotonicity TMIN<TA<TMAX 4,6 
-10VSVREFS10V 12 . 12 12 Bits 5 

Gain Error USing Internal RFb 
-10VsVREF S10V -0.2 -0.01 0.0 % of fSR 5, 7 

Gain Error Tempco TMIN<TA<TMAX 6, 7 
USing Internal RFb ±1.3 ±6.0 ppm of FS/·C 9 

Power Supply Rejection All Digital Inputs High ±3.0 ppm of FSRN 7 

Reference Input Resistance 10 15 20 kO 

Output Feedthrough Error VREF = 20 Vp-p, f = 100 kHz 3 mVp-p 
All Data Inputs Low 
D Package 3 mVp-p 8 

Output Capacitance All Data Inputs 10UT1 200 pF 
High IOUT2 70 pF 
All Data Inputs 10UT1 70 pF 
Low IOUT2 200 pF 

Supply Current Drain TM1NsTAsTMAX 1.2 2.0 mA 6 

Output Leakage Current -40·C to +85·C 6,10 

10UT1 All Data Inputs Low 10 nA 

IOUT2 All Data Inputs High 10 nA 

Output Leakage Current -55·C to +125·C 

10UT1 All Data Inputs Low 100 nA 

IOUT2 All Data Inputs High 100 nA 

Digital Input Threshold TM1NSTASTMAX 6 
Low Threshold 0.8 Voe 
High Threshold 2.0 Voc 

Digital Input Currents TMINSTASTMAX 6 
Digital Inputs <0.8V -50 -200 "Aoc 
Digital Inputs >2.0V 0.1 10 "Aoc 

ts Current Settling Time RL= 1000, Output Settled 1 "s 
to 0.01 %, All Digital Inputs 
Switched Simultaneously 
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Electrical Characteristics Notes 
Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to 
imply that the devices should be operated at these "Absolute Maximum" IImlls. 
Note 2: ,.,11 vollages are measured wllh respect to GNO, unless otherwise specified. 
Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there Is no way to significantly 
modify the power dissipation) removes concern for heat sinking. 
Nole 4: Both IOUT1 and IOUT2 must go to ground or the virtual ground of an operational amplifier. The IInearlly error Is degraded by approxlmalely 
Vos + VREF' For example, If VREF = 10V then a I mV offset, VOS' on IOUT1 or IOUT2 will Introduce an additional 0.01 % linearity error . 
Nole 5: Guaranteed at VREF = % 10 VOC and VREF = % 1 VOC . 
Nole 6: TMIN= -40·C andTMAX =85·C for ''LC~'' suffix parts. 
Nole 7: The unit FSR stands for full·scale range. Linearity Error and Power Supply Rejection specs are based on Ihls unilio ellmlnale dependence on a par· 
tlcularVREF value 10 Indicate the true pertormance of the part. The Linearity Error specification of the OACI218Is0.012% of FSR. This guarantees that after 
performing a zero and full·scale adjustment, the plot of the 4096 analog voltage outpuls will each be wllhln 0.012% x VREF of a straight line which passes 
through zero and full·scale. The unll ppm of FSR (parts per million of full·scale range) and ppm of FS(parts pe~ million of full·scale) are used for convenience to 
define specs of very small percentage values, typical of higher accuracy converters. 1 ppm of FSR = VREF'l0 Is the,converslon faclorto provide an actual out· 
put vollage quantity. For example, the gain error tempco spec of % 6 ppm of FSI·C represents a worst·case full·scale gain error change with temperature from 
-40·C to +85·C of % (6)(VREF/l06)(125·C)or %0.75 (10- 3) VREF which Is %0.075% ofVREF. 
Note 8: To achieve this low feedthrough In the 0 package, the user must ground the metal lid. If the lid Is left floating the feedthrough Is typically 6 mY. 
Note 9: Guaranteed by design but not tested. 
Nole 10: AID nA leakage c~rrent with RFb=20k and VREF= 10V corresponds to a zero error of (lOx 10- 9 x 20 x 103) x 100"1. IOVorO.002'1o of FS. 

Typical Performance Characteristics 
Digital Input Threshold 

2.4 

~ 
2.0 

i 1.6 

a: 1.2 
i= 
~ 
co: O.B 
l: 
~ 

0.4 
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vsVee 

I 
TALo.l..- --. -I --TA '" 25°C 

TA·'B5·C I----
I 
I 

0 5 10 15 

VCC - SUPPLY VOLTAGE (V) 

Gain and Linearity Error 
Variation vs Temperature 

~ 0.01 f-j--+-+-+--\aG~IN r--
g 0.005 -i, 
ffi ",,"'-
~ O~~~.'~'~~a~LI=NE~A~R~ITty~ 
~ -0.005 I-t-:,¥+-+-t-i-I-+-; 
~ 
i!i -0,01 1--'+-+-+-+--+-1-1-+-1 

-55 -35 -15 5 25 45 65 85 105 125 

T A - AMBIENT TEMPERATURE ,·CI 

Definition of Package Pinouts 
A1 to A12: Digital Inputs. A12 Is the least significant 
digital input (LSB) and A1 is the most significant digital 
input (MSB). 

10UT1: 'DAC Current Output 1. IOUT1 is a maximum for a 
digital input of all1s; and Is zero for a digital input of aI/ Os. 

IOUT2: DAC Current Output 2. IOUT2 Is a constant minus 
10UT1' or IOUTI + IOUT2= constant (for a fixed reference 
voltage). 

RF~ Feedback Resistor. The feedback resistor is provid
ed on the IC chip for use as the shunt feedback resistor for 
the externai op amp which Is used to provide an output 
voltage for the DAC. This on-Chip resistor should always 
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Digital Input Threshold vs 
Temperature 

-35 -15 5 25 45 65 85 

TA - AMBIENT TEMPERATURE '·CI 

Gain and Linearity Error 
Variation vs Supply Voltage 

10 15 

VCC - SUPPLY VOLTAGE (VOC) 

be used (not an externaj resjstor) since it matches the 
resistors which are used in the on-,chip R-2R ladder and 
tracks these resistors over temperature. 

VREF: Reference Voltage input. This input connects to an 
external precision voitage source to the internal R-2R lad
der. V REF can be selected over the range of 10V to -10V. 
This is also the anaiog voltage Input for a 4-quadrant 
multiplying DAC application. 

Vee: Digital Supply Voltage. This Is the power supply pin 
for the part. Vcc can be from 5 VOC to 15 VOC' Operation Is 

, optimum for 15 VOC' 

GND: Ground. This Is the ground for the circuit. 



Definition of Terms 
Resolution: Resolution Is defined as the reciprocal of the 
number of discrete steps In the DAC output. It is directly 
related to the number of switches or bits within the DAC. 
For example, the DAC1218 has 212 or 4096 steps and 
therefore has 12-blt resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrin
sic to the device and cannot be externally adjusted. 

National'S linearity test (a) and the best straight line test 
(b) used by other suppliers are Illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end pOint test uses a standard zero FS ad
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply ch~nges on the 
DAC full-scale output. 

DIGITAL INPUT 

a) End pOint test after zero 
and FS adjust 

Settling Time: Full-scale current settling time requires 
zero to full·scale or full-scaie to zero output change. Set· 
tllng time is the time required from a code transition until 
the DAC output reaches within ± 1/2 LSB of the final out
put value. 

Full-Scale Error: Full·scale error is a measure of the out
put error between an ideal DAC and the actuai device out
put. Ideally, for the DAC1218 full·scale is VREF-1 LSB. For 
VREF= 10V and unipolar operation, VFULL.SCALE= 
10.0000V - 2.44 mV = 9.9976V. Full-scale error is adjustable 
to zero. 

Differential Non-Llnaarlty: The difference between any 
two consecutive codes in the transfer curve from the 
theoreticai 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increas
Ing digital input code, then the DAC is monotonic. A 12-blt 
DAC which is monotonic to 12 bits simply means that in
put increaSing digital input codes will produce an Increas
Ing analog out.put. 

±112 LSB ERROR BAND 

I 

DIGITAL INPUT 

b) Shifting FS adjust to 
pass best straight line 
test 
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~Nat1onal 
~ Semiconductor 

A to 0, 0 to A 

DAC1280A, DAC1280 12-Bit Digital-to-Analog Converters 

General Description 
The DAC12BO series is a family of precision, low cost, fully 
self-contained digital-to-analog converters. The devices 
include 12 precision current switches, a 12-bit thin film 
resistor network, output amplifier, buffered internal 
reference, and several precision resistors, which allow the 
user to tailor his system needs to accommodate a variety 
of bipolar and unipolar output voltage and current ranges. 
Logic inputs are TTL, DTL and CMOS compatible, and are 
complementary binary (CBI) format. In all instances, a 
logic low (sO.BV) turns a given bit ON, and a logic high 
(~2V) turns a given bit OFF. Internally supplied resistor 
options provide low drift bipolar output voltage ranges of 
± 2.5V, ± 5V, ± 10V, and unipolar ranges of OV to 5V or OV 
to 10V. Current mode output is 0 mA to 2 mAo 

Block Diagram 

REFERENCE 24 
OUT 

6.2V 
REFERENCE 

'Vs 
2122 

11 
-Vs 

14 

I 
NC 

13 
o 

Features 
• Completely self-contained with Internal reference and 

output amplifier 

• High reliability exact replacement for DACBO-CBI-V or 
DACBOZ-CBI-\t . 

• ± 1/2 LSB linearity max over O'C 10 70'C temperature 
range for DAC12BOA 

• ± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V voltage outputs 

• 0 mA to 2 mA current output 
• Fast settiing time: 300 ns current mode; 2.5 P.s voltage 

mode 
• Standard 24-pin IC package 

• Low cost 
• TTL CMOS compatible binary input logiC over 

temperature 

18 
r------------olOVRANGE 

~r---r--------------.~~ 19 
...---------o20V RANGE 

GAIN 23 
ADJUST 0-----1--+ 

REFERENCE 016 ___ +--<p+ 
INPUT 12 BIT CIA 

6.2k 

BIPOLAR 0" ___ -+_-' 
OFFSET 

1 2 J 4 5 6 7 8 9 101112 

{MSBI (LSB) 

Connection Diagram Dual-in-Line Package 

TOPVIEW 

8-20B 

20 CUARENT MODE 
r------oQOUTPUT 

(SUMMING JUNCTION) 

Order Number DAC1280ACD 
See NS Package D24G 



Absolute Maximum Ratings 
SupplyVoltage(V+ andV-) ±18V Short-Circuit Duration (Pins 15.20 and 24) Continuous 
Current Output (Pin 20) Voltage Compliance ±10V Operating Temperature Range O°C to +70°C 
Logic Input Voltage, - 0.7V. 10V Storage Temperature Range -65·Cto +150·C 
Reference Input Voltage (VREF) OV.18V Lead Temperature(Soldering. 10 seconds) 300·C 

Electrical Characteristics 
TA=O·C to 70·C. Vs= ± 11.4V to ± 15.75V for DAC1280A. Vs= ± 15V for DAC1280 unless otherwise noted. 

DAC1280A DAC1280 , 
Parameter Conditions 

Typ Typ Units 
Min 

(Note 1) 
Max Min 

(Note 1) 
Max 

CONVERTER CHARACTERISTICS 

Resolution 12 12 Bits 

Linearity Error TA=25·C ±1/4 +1/2 +1/4 +1, 
±1/2 ±2 LSB 

Differential Non·Linearity ±1/2 ±3/4 ±1/2 

Monotonicity 12 11 12 Bits 

Full·Scale (Gain) Error TA = 25·C (Note 2) ±0.1 ±0.3 ±0.1 
% FSR 

Zero-Scale (Offset) Error TA = 25·C (Note 2) ±0.02 ±0.15 ±0.02 
(Note 3) 

Full-Scale (Gain) Tem'pco Internal Reference ±15 ±30 ± 15 
External Constant ±5 ±7 ±5 ppm/·C 
Reference 

Zero·Scale (Offset) Tempco Unipolar ±1 ±3 ±1 
Bipolar ±3 ± 10 ±3 ppm 

Total Bipolar Tempco (Note 4) Includes Gain, Offset. ±10 ±20 ±10 FSR/·C 
and Linearity 

Total Error (Note 5) Unipolar +0.08 +0.15 +0.08 
% FSR 

Bipolar ±0.06 ±0.10 ±0.06 

Output Voltage Range Using Internally Supplied ± 2.5V. ± 5V. ± 10V. OV to 5V. OV to 10V 
Resistors (Note 6) V 

Output Voltage Swing RL2:5 kO. Pin 15 ±10 ±10 

Output Short Circuit Current Pin 15 ±5 ±25 ±50 ±5 ±25 ±50 mA 

Output Resistance Pin 15. Closed Loop 0.05 0.05 0 

Current Mode Output Range Unipolar. Pin 20 Oto -2 Oto -2 
mA 

Bipolar. Pin 20 ± 1.0 ±1.0 

Current Mode Compliance ±2.5 ±2.5 V 

Current Mode Output Unipolar 2 2 
kO 

Impedance Bipolar 1.5 1.5 

REFERENCE CHARACTERISTICS 

Reference Voltage IREF ",2 mAo TA= 25·C 6.07 6.2 6.33 6.2 V 

Tempco of Drift ± 10 ±20 ±10 ppm/·C 

External Use Current 2.5 2.5 mA 

Output Resistance 0.05 1.0 0.05 1.0 Il 
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Electrical Characteristics (Contin~ed) 
TA=O·C to lO·C, Vs= ± 11.4V to ±.15.l5V for.DAC1280A, Vs= ± 15V for DAC1280 unless otherwise noted. 

DAC1280A DAC1280 

Parameter Conditions 
Typ 

Units 
Min Max Min 

Typ 
Max 

(Note 1) (Note 1) 

DIGITAL AND DC CHARACTERISTICS 

Logic "1" Input Voltage 2.0 2.0 
(Bit OFF) 

V 
Logic "0" Input Voltage 0.8 0.8 
(Bit ON) 

Logic "1" Input Current VIN =2.5V 0.05 1 0.05 1 

Logie "0" Input Current VIN'=OV 
/LA 

-100 -100 

Power Supply Current 1+, TA=25·C 10 18 10 
mA 

I , TA-25·C 25 30 25 

Power Supply Sensitivity , 0.001 0.002 0.001 % FSR/%V 

AC CHARACTERISTICS , 

Voltage Mode Settling Time 1 LSB Change 400 400 ns 
FS!,! Change I 10V 2.5 2.5 

120V 4 4 /LS 

Voltage Mode Slew Rate TA=25·C 10 15 15 V//Ls 

Current Mode Settling Time 100 to 1000 Load 300 300 ns 

Nole 1: All typical values are for TA = 25"C. 

Nole 2: externally adjustable to zero. 

Note 3: FSR means "full-scale range" and is 20V for ± 10V range, 10V for ± 5V, etc. 

Nole 4: See paragraph 2.0 for definition. 

Nole 5: With gain and offset errors adjusted to zero at 25"C 

Nole6: ± Vs must have absolute value2V greater than VOUT. Output voltage ranges -10Vto + 10VandOV to + l0Vare not recommended with Vs less than l2V. 

1.0 Definition of Terms 
1.1 Accuracy 

Accuracy of a D/A converter is the difference oetween the step sizes can range from 1/2 LSB to 3/2 LSB when the 
actual analog output that is measured when a given digital Input changes from one adjacent input state to the next. 
code is applied and the analog output that is expected Monotonlclty is guaranteed in the DAC1280A and 
with that code applied to the converter. Accuracy errors' DAC1280 to ensure that the analog output will not 
can be specified by the three parameters of gain or full· decrease with increasing input digital codes. 
scale error, zero·scale or offset error, and linearity error. 

1.4 Gain Tempeo 
1.2 Linearity Error 

Gain tempco is a measure of the change in the full·scale 
Linearity error Is the maximum deviation from a straight range output over temperature expressed in parts per 
line passing through the endpoints of the DAC transfer million per ·C (ppm/·C). 
characteristic. It Is measured after adjusting for zero and 
full·scale. Linearity error is a parameter Intrinsic to the 1.5 Offset Tempeo 
device and cannot be externally adjusted. 

Offset tempco is a measure of the actual change in output 

1.3 Differential Linearity Error and Monotonieity with all. "l"s on the Input over the specified temperature 
range. The offset Is measured at O·C, 25·C and lO·C. The 

Differential linearity error of a D/A converter Is the devia' maximum change in offset is referenced to the offset at 
tlon from an ideal 1 LSB voltage change from one adjacent 25·C and is divided by the temperature range. This offset 
output state to the next. A differential linearity error change is expressed in parts per million of full·scale range 
speCification of ± 1/2 LSB means that the output voltage per ·C (ppm of FSR/·C). 
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1.6 Settling Time 

Settling time for each CAC1280A or CAC1280 is the total 
time (Including slew time) required for the output to settle 
within an error band around its final value after a change in 
input (Figures 1 and 2). 

FIGURE 2. Voltage Mode Settling Tlme-1 LSB Change 

Voltage Output. Three settling times are specified to 
:t O.{)1 % of full·scale range (FSR); two for maximum full· 
scale range changes of 20V, 10V and one for a 1 LSB 
chal1ge. The 1 LSB change is measured at the major carry 
(0111 ... 11 to 1000 ... 00), the point at which the worst case 
settling time occurs. 

Current Output. Settling time Is specified to :t 0.01 % of 
FSR. This Is given with a range of resistive loads: 100 to 
1000. 

1.7 Compliance 

Compliance voltage Is the maximum voltage swing al
lowed on the current output pin (pin 20). Note that the 
absolute current offset error with any CAC will be in
creased by an amount given by VouT/RoUT' In many situa
tions this will be a significant error term if the voltage on 
the curr~nt output pin is allowed to exceed a few millivolts. 

1.8 Power Supply Sensitivity 

Power supply sensiti~lty Is a measure of the effect of a 
power supply change on the C/A converter output. It is 
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defined as a percent of FSR per percent of change in either 
the positive, negative, or logic supplies about the nominal 
power supply voltages. 

1.9 Reference Supply 

The CAC1280A and CAC1280 are supplied with an internal C 
6.2V reference voltage supply. This voltage (pin 24) is ..... 
accurate to ±2% and must be connected to the 52'" 
Reference Input (pin 16) for specified operation. This 
reference may also be used externally with external cur- N 
rent drain limited to 2.5 mAo All gain adjustments should CO 
be made under constant load conditions. 0 

2.0 Analyzing Device Accuracy Over 
the Temperature Range 

For the purposes of temperature drift analysis, the major 
device components are shown In Figure 3. The reference 
element and buffer amplifier drifts are combined to give 
the total reference temperature coefficient, which is 
specified as ± 20 ppm/oC maximum for the CAC1280A. 
The input reference current to the CAC, IREF' is developed 
from the internal reference and will show the same drift 
rate as the reference voltage. The CAC output current, 
'OAC, which is a function of the digital input code, is 
deSigned to track IREF; if there is a slight mismatch in 
these currents over temperature, it will contribute to the 
gain TC. The bipolar offset reSistor, Rsp, and gain setting 
resistor, RGAIN, also have temperature coefficients which 
contribute to system drift errors. The input offset voltage 
drift of the output amplifier, OA, also contributes a small 
error. 

+15V 

RGAIN 

FIGURE 3. Bipolar Configuration 

There are three types of drift errors over temperature: off
set, gain, and linearity. Offset drift causes a vertical 
translation of the entire transfer curve; gain drift is a 
change In the slope of the curve; and linearity drift 
represents a change in the shape of the curve. The com
bination of these three drifts results in the complete 
specification for total error over temperature. 

Total error is defined as the deviation from a true straight 
line transfer characteristic from exactly zero at a digital in
put which calls for zero output to a point which is defined 
as full·scale. A specification for total error over tempera
ture assumes that both the zero and full-scale points have 
been trimmed for zero error at 25°C. Total error 15 normally 
expressed as a percentage of the full-scale range. In the 
bipolar Situation, this means the total range from - VFS to 
+VFS' 



2.1 Monotonlcity and Linearity 

The initial linearity error and the differential linearity error 
guarantee monotonic performance over the range of O·C 
to 70·C. It can therefore be aSsumed that linearity errors 
are insignificant in computation of total temperature 
errors. 

2.2 Unipolar Errors 

Temperature error analysis in the unipolar mode is 
straightforward: there is an offset drift and a gain drift. The 
offset drift, which comes from leakage currents and drift 
in the output amplifier, causes a linear shift in the transfer 
curve as shown in Figure 4. The gain drift causes a change , 
in the slope of the curve and results from reference drift, 
DAC drift, and drift in AGAiN relative to the DAC resistors. 

2.3 Bipolar Range Errors 

The analysis is slightly more complex in the bipolar mode. 
In this mode ABP is connected to the summing node of the 

I 
l
=> 
r= 
=> o 

UNIPOLAR 

output amplifier (see Figure 3) to generate a current which 
exactly balances the current of the MSB so that the output 
voltage is zero with only the MSB on. 

Note that if the DAC and application resistors track per· 
fectly, the bipolar offset drift will be zero even if the 
reference drifts. A change in the reference voltage, which 
causes a shift in the bipolar offset, will also cause an 
equivalent change in IREF and thus IOAC, so that IOAe will 
always be exactly balanced by IBP with the MSB turned on. 
This effect is shown in Figure 6. The net effect of the 
reference drift then is simply to cause a rotation in the 
transfer around bipolar zero. However, consideration of 
second order effects (which are often overlooked) reveals 
the errors in the bipolar mode. The unipolar offset drifts 
discussed before will have the same effect on the bipolar 
offset. A mismatch of ABP to the DAC resistors is usually 
the largest component of bipolar drift. Gain drift in the 
DAC also contributes to bipolar offset drift, as well as full· 
scale drift. In the bipolar ranges, full·scale if! defined as 
the total range from - VFs to + VFS' 

INPUT-.-

I 
OFFSET SHIFT 

BIPOLAR (lOEAL CASE) 

FIGURE 4. Unipolar and Bipolar Drilts 

1"-

12-BIT CURRENT MODE OIA 
VOUT 

VOUT = (0 rnA 10 1.9995 rnA) (R20 + R21)-(6.2VIR23) (R21 + R22) I 
I DAC1280. DAC1280A . - I 

= (0 rnA 10 1.9995 rnA) (10k)-(1 rnA) (10k) . 
= -10V 10 .+ 9.995V . 

~------------------------~ 1 LSB = 20VI4096 = 4.66 mV 

FIGURE.5 • :!: 10V Bipolar Operation 

. 1"-

12-BIT CURRENT MODE OIA 
15 VOUT 

I VOUT = (0 rnA 101.9995 rnA) (R20)-(R201f!23) (6.2V) 
I = (0 rnA 10 1.9995 rnA) (5k)-(5k16.2k) (6.2V) 

DAC1280. DAC12BOA I = _ 5V 10 4.9975V 

~------------------------~ 1 LSB =.10VI4096 = 2.44 mV 

FIGURE 6. :!: 5V Bipolar Operation 
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3.0 Applications and Functional 
Description 

3.1 Voltage Mode Operation 

The DAC1280A and DAC1280 D/As provide internal scaling 
resistors which permit a wide range of bipolar and uni· 
polar output configurations. Bipolar output formats' of 
± 2.5V, ± 5V, ± 10V and unipolar formats of OV to 5V and 
OV to 10V are possible using resistor strap options in· 
cluded within theaevice. Table I and Figures 5, 6 and 7 
summarize th'e proper pin connections required for these 
formats. 

3.2 Current Mode Operation 

Current mode applications which make use of an external 
op amp, comparator, or a resistive load are possible with 

the DAC1280 series using pin 20. When an external op amp 
is used, the internal scaling resistors should be utilized to 
minimize full·scale drifl. Configurationll shown in Table I 
apply directly. Figure 8 shows one application using an ex· 
ternal fast operational amplifier. 

Current mode operation into a resistive load or open cir· 
cuit must account for the DACs nominal output resistance 
of 2k a~ pin 20. With this in mind, the output will swing OV 
to - 4V open circuit and about - 1.5V to + 1.5V with the 
bipolar offset resistor connected. An external load 
resistor may be used as part of the load, but there will be 
an error due to temperature coefficients mistracking. 

TABLE I. Output Voltage/Current Ranges for DAC1280 Series 

r-

Output 
Digital Input 

Voltage 
Code 

Range 

±10V Complementary Offset Binary 

±5V Complementary Offset Binary 

±2.5V Complementary Offset Binary 

10V Complementary Binary 

5V Complementary Binary 

±1 mA Complementary Offset Binary 

-2mA Complementary Binary 

• Optional, no connection necessary 

R2l 
6.2k 

12·BIT CURRENT MODE O/A 

I 

Connect 
Pin 15 to 

19 

18 

18 

18 

18 

NC 

NC 

r-

Connect 
Pin 16 to 

24 

24 

24 

24 

24 

24 

24 

R2l 
6.2k 

Connect 
Pin 17 to 

20 

20 

20 

21' 

21' 

20 

21' 

12·BIT CURRENT MODE O/A 

Connect 
Pin 19 to 

15 

NC 

20 

NC 

20 

NC 

NC 

EXTERNAL 
OPAMP 

DACI2BO. DAC12BOA -= ! VOUT OACI2BO. DAC12BOA -= I 

~------------------------~ ~------------------------~ 
VOUT=(O rnA 10 1.9995 rnA) (R2D) 

= (0 inA 10 1.9995 rnA) (5k) 
= ov 10 9.9976V 

1 LSB = 2.44 mV 

FIGURE 7. 10V Unipolar Operation 
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FIGURE 8. ± 10V Bipolar Operation 
with External Operational Amplifier 
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3.3 Offset and Full·Scala Adjust 3.4 Logic Input Coding 

The DACl280 series may be offset and full·scale adjusted The logic inputs to the DAC1280 series are complemen· 
using the circuit shown in Figure 9. Offset voltage should tary; I.e., a given bit is turned ON by an active low input. 
be adjusted first. A logic "1" (~2V) should be applied to all Table II summarizes input status for unipolar and bipolar 
logic inputs. In bipolar mode, the offset is adjusted to codes. 
equal minus full·scale. In unipolar mode, the offset Is ad· 

3.S Reference Supply justed to read OV at the output. Full·scale is then adjusted 
by applying a logic "0" (s 0.8V) to all inputs for operation. The DAC1280 series is supplied with an internal 6.2V 
The range of Rl and R2 shown in Figure 9 is approximately reference regulator(pin 24). In order to obtain the specified 
± 0.2% of full·scale for the values shown. unadjusted performance, the reference output (pin 24) 

A 30 second "warm·up" period should be allowed (after 
shOUld be connected to the reference input (pin 16). An ex· 

. ternal reference voltage may be used with the DAC1280 
power turn-on) before making the above adjustments. series if provision is made to calibrate full·scale as shown 

in Figure 9. Since the reference is buffered, it may be used 
externally at currents up to 2.5 mAo 

, 
E • -.-e ~ r-<> +vs 

IT I!I REF r-::, 10M 10k TO --, CONTROL r- 23 .... lOOk 

IT 
CIRCUIT 

~-f~" - ~-vs 
II - .f" ~ II 

r-::, ":" 3.9M 10k TO - 12·BIT ~ lOOk 

II 
RESISTOR 5k. 5k 

~ - LADDER 
NEtwORK 1iJ 

E ,..... AND ~ 
tl~F 

+VS 
CURRENT 6.2k 

E ... SWITCHES ~ .. 

IT r- "---~ -
I!!' r-' ~ 
~ I 

+ 
E ~ Vs 

":" P 

$'" 
ffi ~ 

FIGURE 9. External Adjustment and Voltage Supply Connection Diagram 

TABLE II 

Input C~de (Note 7) Output 
Unipolar Output Ranges 

Code Type 
MSB LSB State o rnA-2rnA 

OV to 10V OVtoSV o mA-1.2S mA 

'Unipolar , o 0 0 0 0 000 0 0 0 0 Full·Scale 9.9976V 4.9988V -1.9995 mA 

ComplementarY 1 1 1 1 1 1 1 1 1 1 1 0 1 LSBON 0.0024V 0.0012V -0.0005 mA 

Binary 1 1 1 1 1 1 1 1 1 1 1 1 Zero·Scale O.OOOOV O.OOOOV 0.0000 mA 

Code Type 
Input Code (Note 7) . Output Bipolar Output Voltage Ranges 

MSB LSB State ~10V ±SV ~2.5V ±1 rnA 

Bipolar o 0 0 0 0 0 0 0 0 a 0 0 Full·Scale 9.9951V 4.9976V 2.4988V '-0.9995 mA 

Complementary all 1 1 1 1 1 1 1 1 1 Half·Scale a.aooov O.OOOOV O.OOOOV 0.0000 mA 

Binary 1 1 1 1 1 1 1 1 1 1 1 a 1 LSB ON -9.9951V -4.9976V -2.4988V 0.9995 mA 

1 1 1 1 1 1 1 1 1 1 1 1 Zero·Scale -10.0000V -5.0000V -2.5000V 1.0000 mA 

Note 7: Logic input sense Is such that an active low (VIN sO.BV) turns a given bit ON and Is represented as a logic "0" in the table. 
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3.6 Logic Input Compatibility 

The design of the current mode switches in the DAC1280 
series gives the device true TTL compatibility. It is TTL 
compatible over the entire operating temperature range 
and is independent of the reference voltage and Vee. Fur· 
thermore, since the input breakdown ratings are in excess 
of 10V, the DAC1280 series may be driven directly from 
high (or low) voltage CMOS. 

3.7 :!: 12 Volt Supply Operation 

The DAC1280A will operate with supply voltages as low as 
:!: 11.4V. It is recommended that output voltage ranges 
-10V to +10V and OV to 10V not be used with the 

~ 
DAC1280A if the supply voltages are ever less than the 9 
recommended:!: 12V. The output amplifier may saturate If 
IVSUPPLVI-IVoUTmaxlmuml <2.0V. ~ 
3.8 Power ~upply Connections ~ 
For optimum performance power supply decoupling C 
capacitors should be added as shown in the connection 
diagrams (Figure 5). These capacitors (1 p.F electrolytic 9:t> 
recommended) should be located close to the DAC1280A 
or DAC1280. Electrolytic capacitors, if used, should be 
paralleled with 0.01 p.F ceramic capacitors for optimum o~ 
high frequency performance. 
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-i ~National ·A to D, D to A 
l3 ~ Semiconductor 
i:§ DAC1280A-I, DAC1280-112-Bit Digital-to-Analog Converters 

General Description 
The OAC1280-1 series is a family of precision, low cost, 
fully self-contained digltal-to-analog converters. The 
devices Include 12 precision current switches, a 12-bit thin 
film resistor network, buffered internal reference, and 
several precision resistors, which allow the user to tailor 
his system needs to accommodate a variety of bipolar and 
unipolar output voltage and current ranges. Logic Inputs 
are TTL, OTL and CMOS compatible, and are complemen
tary binary (CBI) format. In all instances, a logic low 
(s 0.8V) turns a given bit ON, and a logic high (2: 2V) turns a 
given bit OFF. Internally supplied resistor options provid.!I 
low drift bipolar output VOltage ranges of ± 2.5V, ± 5V, 
± 10V, and unipolar ranges of OV to 5VorOV to 10V. Current 
mode output is 0 mA to 2 mAo 

Block Diagram 

REFERENCE 24 
OUT 

6.2V 
REFERENCE 

+Vs 

If 
-VS 

I. 

1 
NC 

13 
o 

Features 
• Self-contained with internal reference 
• High reliability replacement for OAC80-CBI-1 or 

OAC80Z-CBI-1 

• ± 1/2 LSB linearity max over O·C to 70·C temperature 
range for OAC1280A-1 

• ± 2.5V, ± 5V, ± 10V, OV to 5V, OV to lOV output voltage 
ranges with external op amp 

• 0 mA to 2 mA current output 
• Fast settling time: 300 ns current 
• Standard 24-pln IC package 

• Low cost 
I 

• TTL CMOS compatible binary input logic over 
temperature 

18 ,..------------0 SCALING NETWORK 

-=- r--r--------r--, I 19 .---------<l SCALING NETWORK 

GAIN 2 03 ___ +_-+ 
A~JUST 

REFERENCE 0'8_---+-++ 
INPUT 

6.2k 

BIPOLAR 011_---+--' 
OFFSET 

1 2 3 4 5 6 7 8 9 10 11 12 
(MSB) (LSD) 

Connection Diagram 
Dual·ln·Llne Package 

TOP VIEW 

20 CURRENT .-------0 OUTPUT 
(SUMMING JUNCTION) 

15 CURRENT 
L-------+~~-----_o OUTPUT 

(SUMMING JUNCTION) 

Ordering Information 

Temperature Range ooe to 70°C 

0.01% 
DAC1280AD·1 

Linearity (DACBOZ·CBI·I) 

0.05% DAC12BOHCD·1 
Package 024G 
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Absolute Maximum Ratings 
Supply Voltage (V + and V - ) ±18V 
Current Output(Pins 1S, 20) Voltage Compliance ±10V 

Logic I nput Voltage -0.7V,10V 

Reference Input Voltage (VREF) OV,18V 
I 

Short-Circuit Duration (Pins 1S, 20 and 24) Continuous 

Operating Temperature Range -2S·Cto +8S·C 

Storage Temperature Range -6S·Cto +1S0·C 

Lead Temperature (Soldering, 10 seconds) 300·C 

-
. Electrical Characteristics 
TA = o·c to 70·C, Vs = ± 11.4V to ± 15.75V for DAC1280A-I, Vs=< ± 15V for DAC1280-1 unless otherwise noted. 

DAC1280A·1 DAC1280·1 

Parameter Conditions 
Typ Typ 

Units 
Min 

(Note 1) 
Max Min 

(Nole 1) 
Max 

CONVERTER CHARACTERISTICS 

Resolution 12 12 Bits 

Linearity Error TA=25·C ±1/4 ±1/2 ±1/4 ±1 
±1/2 ±2 LSB 

Differential Non·Llnearity ±1/2 ±3/4 ±1/2 

Monotonicity 12 11 12 Bits 

Full-Scale (Gain) Error TA = 25·C (Note 2) ±0.1 ±0.3 ±0.1 
% FSR 

Zero·Scale (Offset) Error TA = 25·C (Note 2) ±0.02 ±O.15 ±0.02 
(Note 3) 

Full·Scale (Gain) Tempco Internal Reference ± 15 ±30 ±15 
External Constant ±5 ±7 ±5 
Reference 

Zero-Scale (Offset) Tempco Unipolar ±1 ±3 ±1 
ppm 

Bipolar ±3 ±10 ±3 
FSR/·C 

Total' Bipolar Tempco Includes Gain, Offset, ± 10 ±20 ±10 
(Note 4) and Linearity 

Total Error (Note S) Unipolar ±0.08 ±0.15 ±0.08 
% FSR 

Bipolar ±0.06 ±0.10 ±0.06 

Output Voltage Range. Using Internally Supplied ± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V V 
Resistors, External Op Amp 

Current Mode Output Range Unipolar, Pin ·15 Oto -2 Oto -2 
mA 

Bipolar, Pin 15 ± 1.0 ±1.0 

Current Mode Compliance ±2.5 ±2.5. V 

Current Mode Output Unipolar 2 2 
kO 

Impedance Bipolar 1.5 1.5 

REFERENCE CHARACTERISTICS 

Reference Voltage IREF,;;2 mA, TA=25·C 6.07 6.2 6.33 6.2 V 

Tempco of Drift ±10 ±20 ±10 ppml"C 

External Use Current 2.5 2.5. mA 

Output Resistance 0.05 1.0 O.OS 1.0 0 
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Electrical Characteristics (Continued) TA= O·C to 70·C, Vs= ± 11.4V to ± 15.75V for DAC1280A·I, Vs = ± 15V for 
DAC1280-1 unless otherwise noted. 

DAC1280A·1 DAC1280·1 

Parameter Conditions 
Typ Typ 

Units 
Min 

(Note 1) 
Max Min 

(Note 1) 
Max 

DIGITAL AND DC CHARACTERISTICS 

Logic "1" Input Voltage' 2.0 2.0 
(Bit OFF) V 

Logic "0" Input Voltage 0.8 0.8 
(Bit ON) 

Logic "1" Input Current VIN =2.5V 0.05 1 0.05 1 
p.A 

Logic "0" Input Current VIN=OV -100 -100 

Power Supply Current 1+, TA=25·C 10 18 10 
mA 

I , TA-25·C 25 30 25 

Power Supply Sensitivity 0.001 0.002 0.001 % FSR/%V 

AC CHARACTERISTICS 

Current Mode Settling Time 100 to 1000 Load 300 300 ns 

Nota 1: All typical values are forTA=25'C. 
Nola 2: Externally adlu~table to zero. 
Nota 3: FSR means full·scale range and Is 20V for ± 10V range, 10V for ± 5V, etc. 
Nola 4: See paragraph 1.6 for definition. 
Nola 5: With gain and offset errors adjusted to zero at 25'C. 

1.0 Definition of Terms 
1.1 ACCURACY 1.5 OFFSET TEMPCO 

Accuracy of a D/A converter Is the difference between the Offset tempco is a measure of the actual change in output 
actual analog output that is measured when a given digital with all "1"s on the input over the specified temperature 
code Is applied and the analog output that Is expected range. The offset Is measured at a·c, 25·C and 70·C. The 
with that code applied to the converter. Accuracy errors maximum change in offset ,is referenced to the offset at 
can be specified by the three parameters of gain or full- 25·C and is'dlvided by the temperature range. This offset 
scale error, zero·scale or offset error, and linearity error. change is expressed In parts per milllon of full-scale range 

1.2 LINEARITY ERROR 
per ·C (ppm of FSR/oC). 

Linearity error is the maximum deviation from a straight 1.6 TOTAL BIPOLAR TEMPCO 

line passing through the endpoints of the DAC transfer In the bipolar mode, the internal 6.2 kO resistor is con· 
characteristic. It is measured after adju,sting for zero and nected to the current output pin which is the summing 
full-scale. Linearity error Is a parameter intrinsic to the junction of the output amplifier (external). This resistor in-
device and cannot be externally adjusted. jects a current that exactly balances the output current of 

1.3 DIFFERENTIAL LINEARITY ERROR AND 
the DAC with only the MSB ON such that the output volt-

MONOTONICITY 
age of the amplifier is OV. 

Differential linearity error of a D/A converter is the devia-
If the internal resistors track perfectly, the cancellation ef· 
fect is also perfect, even if the reference voltage drifts. 

tion from an ideal 1 LSB voltage change from one adjacent Thus, any Imperfection in resistor tracking gives rise to an 
output state to the next. A differential linearity error error term. 
specification of ± 1/2 LSB means that the output voltajle 

The total bipolar mode tempco includes this tracking step sizes can range from 1/2 LSB to 3/2 LSB when the 
input changes from one adjacent input state to the next. tempco as well as offset tempco and linearity tempco as 

Monotonlcity is guaranteed in the DAC1280A-1 and defined above. 

DAC1280-1 to ensure that the analog output will not 
2.0 Functional Description decrease with increasing input digital codes. 

1.4 GAIN TEMPCO 2.1 OFFSET AND FULL·SCALE ADJUST 

Gain tempco is a measure of the change in the full-scale The DAC1280-1 series may be offset and full·scale adjusted 
range output over temperature expressed in parts per using the circuit shown in Figure 1. Offset voltage should 
million per ·C (ppm/·C). This test uses the internally sup- be adjusted first. A logic "1" (2: 2V) should be applied to all 
plied DAC, feedback and offset resistors. logic inputs. In bipolar mode, the offset is adjusted to 
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equal minus full·scale. In unipolar mode, the offset is ad· 
justed to read OV at the output. Full·scale is then adjusted 
by applying a logic "0" (s 0.8V) to all inputs for operation. 
The range of adjustment shown in Figure 1 is approx· 
Imately ±0.2% of full·scale for the values shown. 

A 30 second "warm·up" period should be allowed (after 
power turn·on) before making the above adjustments. 

2.2 LOGIC INPUT CODING 

The logic inputs to the DAC1280·1 series are complemen· 
tary; i.e., a given bit is turned ON by an active low input. 
Table I summarizes input status for unipolar and bipolar 
codes. 

2.3 REFERENCE SUPPLY 

The DAC1280·1 series is supplied with an internal 6.2V 
reference regulator (pin 24). In order to obtain the specified 
unadjusted performance, the reference output (pin 24) 
should be connected to the reference input (pin 16). An ex· 
ternal reference voltage may be used with the DAC1280·1 
series If provision is made to calibrate full·scale as shown 
In Figure 1. Since the reference is buffered, it may be used 
externally at currents up to 2.5 mAo 

2.4 LOGIC INPUT COMPATIBILITY 

The design of the current mode switches in the DAC1280·1 
series gives the device true TTL compatibility. It is TTL 

compatible over the entire operating temperature range 
and is independent of the reference voltage and Vee. Fur· 
thermore, since the input breakdown ratings are in excess 
of 10V, the DAC1280·1 series may be driven directly from 
high (or low) voltage CMOS. 

2.5 ~ 12 VOLT SUPPLY OPERATION 

The DAC1280A·1 will operate with supply voltages as low 
as ±11.4V. 

2.6 PIN 20 USAGE 

Pin 20 is internally connected to pin 15; either may be used 
as the current output. Standard DAC80-CBI·1 devices use 
pin 20 as an alternate feedback resistor tap; this tap is not 
available on the DAC1280A·1 series. 

2.7 POWER SUPPLY CONNECTIONS 

For optimum performance power supply decoupling ca· 
pacitors should be added as shown in the connection dia· 
gram. These capacitors (1 /LF electrolytic recommended) 
should be located close to the DAC1280A·1 or DAC1280-1. 
Electrolytic capacitors, if used, should be paralleled with 
0.01 /LF ceramic capacitors for optimum high frequency 
performance. 

-Vs 

~----"'-O-Vs 

FIGURE 1. External Adjustment and Voltage Supply Connection Diagram 

TABLE I 

Input Code (Note 6) Output 
Unipolar Output Ranges 

Code Type 
MSB LSB State 

OmA-2mA 
o mA-1.2S mA 

Unipolar o 0 0 0 0 0 0 0 0 0 0 0 Full-Scale -1.9995 rnA 
Complementary 1 .11111111110 1 LSBON -0.0005 mA 
Binary 111111111111 Zero·Scale 0.0000 mA 

Code Type 
Input Code (Note 6) Output Bipolar Output Ranges 

MSB LSB State ±1 mA 

Bipolar o 0 0 0 0 0 0 0 0 0 0 0 Full·Scale -0.9995 rnA 
Complementary o 1 1 1 1 1 1 1 1 1 1 1 Half·Scale 0.0000 rnA 
Binary 1 1 1 1 1 1 1 1 1 1 1 0 1 LSBON 0.9995 mA 

1 1 1 1 1 1 1 1 1 1 1 1 Zero·Scale 1.0000mA 

Note 6: Logic Input sense is such that an active low (YIN S 0.8V) turns a given bit ON and Is represented as a logic "0" In the table. 
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~ ~National 
~ ~ Semiconductor 
c 

A to D, D toA 

u; DAC1285A, DAC1285 (DAC85, DAC87) 
co 12-Bit Digital-ta-Analog Converters 

C~ - General Description 
The DAC1285 series is a family of precision, low cost, fully 
self·contained digital·to·analog converters. The devices 
include 12 precision current switches, a 12·bit thin film 
resistor network, output amplifier, buffered internal 
reference, and several precision resistors, which allow the 
user to tailbr his system needs to accommodate a variety 
of bipolar and unipolar output voltage and current ranges. 
Logic inputs are TTL, DTL and CMOS compatible, and are 
complementary binary (CBI) format. In all instances, a 
logic low (sO.8V) turns a given bit ON, and a logic high 
(2: 2V) turns a given bit OFF. Internally supplied resistor op· 
tions provide low drift bipolar output voltage ranges of 
± 2.5V, ± 5V, ± 10V, 'and unipolar ranges of OV to 5V or OV 
to 10V. Current mode output is 0 mA to 2 mA. 

Block Diagram 

REFERENCE 24 
OUT 

62V 
REfERENCE 

• v. 
2122 

If 

-v • 

" 

I 
NC 

13 
o 

Features 
• Completely self·contained with internal reference and 

output amplifier 
• High reliability exact replace'ment for DAC85·CBI·V, 

DAC85LD·CBI·V, and DAC87·CBI·V 

• ± 1/2 LSB linearity max over temperature range 
• ± 2.5V, ± 5V, ± 10V, OV to 5V, OV to 10V voltagf. outputs 

• 0 mA to 2 mA current output 
• Fast settling time: 300 ns current mode; 2.51'5 voltage 

mode 

• ,Hermetic 24'pin IC package 

• Low cost 
• TTL CMOS compatible binary Input logic over 

temperature 
• Parameters guaranteed over operating temperature 

range - 25°C to + 8SoC or - S5°C to + 125°C 

18 
r-------------Q1DV RANGE 

~ ~--~-----------------,----, 19 
r----------<>2OV RANGE 

GAIN 23 
ADJUST 0------+----+ 

REFERENCE 16 
INPUT 0------1--..... + 12 BIT D/A 

62k 

BIPOLAR 11 
OFFSET 0----1-..... 

1 2 J 4 56 1 8 9 101112 

(MSBI (LS81 

Connection Diagram 

Order Number DAC1285ACD, DAC85LD·CBI-V, 
DAC1285HCD, DAC85-CBI·V, DAC1285AD 

or DAC87·CBI·V . 
See NS Package D24G 
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Absolute Maximum Ratings 
Supply Voltage (V + and V - ) ±18V Operating Temperature Range 
Current Output (Pin 20) Compliance ±10V DAC1285A - 55'C to + 125'C 

Logic Input Voltage -0.7V,10V DAC1285AC -25'Cto + 85'C 

Reference Input Voltage (VREF) OV,18V 
DAC1285HC -25'Cto +85'C 

Short·Circuit Duration (Pins 15, 20 and 24) Continuous 
Storage Temperature Range -65'Cto +150'C 
Lead Temperature (Soldering, 10 seconds) 300'C 

Electrical Characteristics 
TA = -55'C to +125'C for DAC1285A and -25'C to +85'C for DAC1285AC and DAC1285HC, Vs= ±11.4V to ± 15.75V 
for DAC1285A and DAC1285AC and Vs = ± 15V for DAC1285HC unless otherwise noted. 

DAC1285A DAC1285AC DAC1285HC 
Parameter Conditions Typ Typ Typ Min 

(Note 1) 
Max Min 

(Note 1) 
Max Min 

(Note 1) 
Max Units 

CONVERTER CHARACTERISTICS 

Resolution 12 12 .12 Bits 

Linearity Error TA=25'C , ±1/4 ±1/2 +1/4 +1/2 ±1/4 ±1/2 
±3/4 ±1/2 ±1/2 

Differential Non·Linearity 
LSB 

TA=25'C ±1/2 ±3/4 ±1/2 ±1/2 
±1 

Monotonicity 12 12 12 Bits 

Full·Scale (Gain) Error TA = 25'C (Note 2) :to.l ±0.2 :to.l ±0.1 
% FSR 

Zero·Scale (Offset) Error TA = 25'C (Note 2) ±O.02 ±0.1 ±O.02 ±0.O2 
(Note 3) 

Full·Scale (Gain) Tempco With Internal Reference ±1O ±20 ±10 ±15 ±30 
Without Internal ±5 ±10 ±5 ±10 ±5 ",20 ppm/'C 
Reference 

Zero·Scale (Offset) Tempco Unipolar :tl ±3 ±1 ±1 
Bipolar :t3 ±10 ±3 ±5 ±~ ±10 ppm 

Total Bipolar Tempco Includes Gain, Offset, ±10 ±30 ±10 ±10 FSR/'C 
(Note 4) and Linearity 

Total Error (Note S) Unipolar ±o.oe ±0.3 ±O.OB ±O.OB 
% FSR 

Bipolar ±0.06 0.24 ±0.06 ±O.06 

Output Voltage Range Using Internally Supplied ± 2.5V, ± SV, ± 10V, OV to SV, OV to 10V 
Resistors (Note 6) V 

Output Voltage Swing RL",S k{J, Pin lS ±10 ±10 ±10 

Output Short Circuit Current Pin lS ±5 ±25 ±50 ±5 ±25 ±50' ±5 ±25 ±50 mA 

Output Impedance Pin 15, Closed Loop O.OS O.OS 0.05 {J 

Current Mode Output Range Unipolar, Pin 20 Oto -2 Oto -2 Oto -2 
m.o, 

Bipolar, Pin 20 ±1.0 ±1.0 ±1.0 

Current Mode Compliance ±2.S ±2.5 ±2.5 V 

Current Mode Output Unipolar 2 2 2 k{J 
Impedance Bipo.lar 1.5 1.5 1.5 

REFERENCE CHARACTERISTICS 

Reference Voltage IREF '" 2 rnA, TA = 25'C 6.07 6.2 6.33 6.07 6.2 6.33 6.2 V 

Tempco of Drift ±5 ±10 ±10 ±20 :t1O ±20 ppm/'C 

External Use Current 2.5 2.5 2.5 rnA 

Output Impedance 0.05 1.0 0.05 1.0 0.05 1.0 {J 
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Electrical Characteristics (Continued) 
TA= -55'C to +125'C for DAC1285A and -25'C to +85'C for DAC1285AC and DAC1285HC, Vs= ±11.4V to ±15.75V 
,for DAC1285A and DAC1285AC and Vs = ± 15V for DAC1285HC unless otherwise noted. 

DAC1285A, DAC1285AC DAC1285HC 

Parameter Conditions 
Typ Typ 

Units 
Min 

(Note 1) 
, Max Min 

(Note 1) 
Max 

DIGITAL AND DC CHARACTERISTICS 

Logic "1" Input Voltage 2.0 2.0 
(Bit OFF) 

V 
Logic "0" Input Voltage 0.8 0.8 

'(BitON) 

Logic "1" Input Current VIN =2,5V 0.05 1 0.05 1 
/lA 

Logic "0" Input Current VIN=OV -100 -100 

Power Supply Current 1+, TA=25'C 10 18 10 
rnA 

I , TA-25'C 25 30 25 

Power Supply Sensitivity 0.001 0,002 0.001 % FSR/%V 

AC CHARACTERISTICS 

Voltage Mode Settling Time 1 LSB Change 400 400 ns 
FSR Change 110V 2.5 2.5 

120V 4 4 
/lS 

Voltage Mode Slew Rate TA=25'C 10 ~O 30 VI/ls 

Current Mode Settling Time lOll to 100!! Load - 300 300 ns 

Nole1: All typical valu~s are for TA = 25'C. 
Nole 2: Externally adjustable to zero. 
Nole 3: FSR means "full·scale range" and Is 20V for :t 10V range, 10V for :t 5V. elc. 
Nole 4: See paragraph 2.0 for definition, 
Nole 5: With gain and offset errors adjusted to zero at 25'C 
Nole 6: ± Vs must have absolule value 2V grealer than VOUT, Outpul voltage ranges -10V to+ 10V and OV to + 10V are not rec!,mmended wllh Vs less than:t 12V. 

1.0 Definition of Terms 
1.1 Accuracy 

Accuracy of a D/A converter is the difference between the step sizes can range from 1/2 LSB to 3/2 LSB when the 
actual analog output that is measured when a given digital input changes from one adjacent input state to the next. 
code is applied and the analog output that is expected 12·bit monotonicity is guaranteed to ensure that the 
with that code applied to the converter. Accuracy errors analog output will not decrease with increasing input 
can be specified by the three parameters of gain or full· digitai codes. 
scale error, zero-scale or offset error, an~ linearity error. 

1.4 Gain Tempco 
1.2 Linearity Error 

Gain tempco is a measure of the change in the full·scale 
Linearity error is the maxim.um deviation from a straight range output over temperature expressed in parts per 
line passing through the endpoints of the DAC traTJsfer million per 'C (ppm/'C). 
characteristic. It is measured after adjusting for zero and 
full·scale. Linearity error is a parameter intrinsic to the 1.5 Offset Tempco 
device and cannot be externally adjusted. 

Offset tempco is a measure of the actual change in output 

1.3 Differential Linearity Error and Monotonlclty with all "l"s on the input over the specified temperature 
range. The offset is measured at low and high temperature. 

Differential linearity error of a D/A converter is the devia· The maximum change in offset is referenced to the offset 
tion from an ideal 1 LSB voltage change from one adjacent at 25'C and is divided by the temperature range. This off· 
output' state to the next. A differ,entiat linearity error set change is expressed in parts per million of full·scale 
specification of ± 1/2 LSB means that the output voltage range per 'C (ppm of FSR/'C). 
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1.6 Settling Time 

Settling time for each DAC1285 series part is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change in 
input (Figures 1 and 2). 

FIGURE 2. Voltage Mode Settling Time-1 LSB Change 

Voltage Output. Three settling times are specified to 
± 0.01 % of full·scale range (FSR); two for maximum full
scale range changes of 20V, 10V and one for a 1 LSB 
change. The 1 LSB change is measured at the major carry 
(0111 ... 11 to 1000 ... 00), the point at which the worst case 
settling time occurs. 

Current Output. Settling time is specified to ±0.01% of 
FSR. This is given with a range of resistive loads: 101l to 
1001l. 

1.7 Compliance 

Compliance voltage is the maximum voltage swing al
lowed on the current output pin (pin 20Y. Note that the 
absolute current offset error with any DAC will be in
creased by an amount given by VouT/RoUT. In many'Situa
tions this will be a significant error term if the voltage on 
the current output pin is allowed to exceed a few millivolts. 

1.8 Power Supply Sensitivity 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
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defined as a percent of FSR per percent of change in either 
the pOSitive, negative, or logic supplies about the nominal 
power supply voltages. 

1.9 Reference Supply 

The DAC1285 series are supplied with an internal 6.2V 
reference voltage supply. This voltage (pin 24) is accurate 
to ±2% and must be connected to the Reference Input 
(pin 16) for specified operation. This reference may also be 
used externally with external current drain limited to 2.5 
mAo All gain adjustments should be made under constant 
load conditions. . 

2.0 Analyzing Device Accuracy Over 
the Temperature Range 

For the purposes of temperature drift analysis, the major 
device components are shown in Figure 3. The reference 
element and buffer amplifier drifts are combined to give. 
the total reference temperature coeffiCient, which Is 
specified as a maximum. The input reference current to 
the DAC, IREF' is developed from the internal reference 
and will show the same drift rate as the reference voltage. 
The DAC output current, IOAC, which is a function of the 
digital input code, is designed to track IREF; if there is a 
slight mismatch in these currents over temperature, it will 
contribute to the gain TC. The bipolar offset resistor, Rsp, 
and gain setting resistor, RGAIN, also have temperature 
coefficients which contribute to system drift errors. The 
input offset voltage drift of the output amplifier, OA, also 
contributes a small error. 

-I-15V 

FIGURE 3. Bipolar Configuration 

There are three types of drift errors over temperature: off
set, gain, and linearity. Offset drift causes a vertical 
translation of the entire transfer curve; gain drift is a 
change in the slope of the curve; and linearity drift 
represents a change in the shape of the curve. The com· 
bination of these three drifts results in the complete 
specification for total error over temperature. 

Total error is defined as the deviation from a true straight 
line transfer characteristic from exactly zero at a digital in
put which calls for zero output to a point which is defined 
as full-scale. A specification for total error 'over tempera
ture assumes that both the zero anq full-scale points have 

, been trimmed for zero error at 25 DC. Total error is normally 
expressed as a percentage of the full-scale range. In the 
bipolar situation, this means the total range from - VFS to 
+VFS-



2.1 Monotonlclty and Llnaarlty 

The Initial linearity error and the differential linearity error 
guarantee monotonic performance over the operating 
temperature range. It can therefore be assumed that 
linearity errors are insignificant in computation of total 
temperature errors. 

2.2 Unipolar Errors 

Temperature error analysis in the unipolar mode is 
straightforward: there is an offset drift and a gain drift. The 
offset drift, which comes from leakage currents and drift 
In the output amplifier, causes a linear shift in the transfer 
curve as shown in Figure 4. The gain drift causes a change 
in the slope of the curve and results from reference drift, 
DAe drift, and drift in RG~IN relative to the DAe reSistors. 

2.3 Bipolar Range Errors 

The analysis Is slightly more complex In the bipolar mode. 
In this mode Rsp is connected to the summing node of the 

I ... = 
~ 

IDEAL 
co 

OFFSET (ZERO) SHIFT 

INPUT--
UNIPOLAR 

output amplifier (see Figure 3) to generate a current which 
exactly balances the current of the MSB so that the output 
voltage Is zero with only the MSB on. 

Note that if the DAe and application resistors track per· 
fectly, the bipolar offset drift will be zero even if the 
reference drifts. A change in the reference voltage, which 
causes a shift in the bipolar offset, will also cause an 
equivalent change in IREF and thus 10AC, so that 10Ae will 
always be exactly balan~ed by lap with the MSB turned on. 
This effect is shown in Figure 6. The net effect of the 
reference drift then is simply to cause a rotation In the 
transfer around bipolar zero. However, consideration of 
second order effects (which are often overlooked) reveals 
the errors in the bipolar mode. The unipolar offset drifts 
discussed before will have the same effect on the bipolar 
offset. A mismatch of Rsp to the DAe resistors is usually 
the largest component of bipolar drift. Gain drift in the 
DAe also contributes to bipolar offset drift, as well as full· 
scale drift. In the bipolar ranges, full·scale is defined as 
the total range'from - VFS to + VFs. 

I ... = ~ = co 

INPUT-

I 
OFFSET SHIFT 

BIPOLAR (IDEAL CASE) 

FIGURE 4 •. Unipolar and Bipolar Drifts 

r-

12·BIT CURRENT MODE OIA 
VOUT 

I VOUT = (0 mA to 1.9995 mAl (R20 + R21)-(6.2V1R23) (R21 + R22) 
DAC1285. DACI285A ':' I = (0 mA to 1.9995 mAl (IOk)-(1 mAl (10k) .. ________________________ ...l = -IOV to + 9.995V 

r-

I LSB =20Vl4096=4.88 mV 
FIGURE 5. :t 10V Bipolar Operation 

12·BIT CURRENT MODE DIA 
Your 

I VOUT = (0 mA to 1.9995 mAl (R20)-(R20/R23) (S.2V) 
DAC1285 DACI285A ':' I = (0 mA to 1.9995 mAl (5k)-(5k/S.2k) (S.2V) .. ___ :.. ____________________ ...l = -5Vt04.9975V· 

1 LSB = 10Vl4096 = 2.44 mV 
FIGURE 6. :t 5V Bipolar Operation 
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3.0 Applications and Functional 
Description 

3.1 Voltage Mode Operation 

These D/As provide internal scaling resistors which permit 
a wide range of bipolar and unipolar output configura· 
tlons.Bipolaroutputformatsof ± 2.5V, ± 5V, ± 10Vand uni· 
polar formats of OV to 5V and OV to 10V are possible using 
resistor strap options Included within the device. Table I 
and Figures 5, 6 and 7 summarize the proper pin connec· 
tions required for these formats. 

3.2 Current Mode Operation 

Current mode applications which make use of an external 
op amp, comparator, or a resistive load are possible with 

the DAC1285 series using pin 20. When an external op amp 
is used, the internal scaling resistors should be utilized to 
minimize full·scale drift. Configurations shown in Table I 
apply directly. Figure 8 shows one application using an ex· 
ternal fast operational amplifier. 

Current mode operation Into a resistive load or open cir· 
cult must account forthe DACs nominal output resistance 
of 2k at pin 20. With this in mind, the output will swing OV 
to - 4V open circuit and about -1.5V to + 1.5V with the 
bipolar offset resistor connected. An external load 
resistor may be used as part of the load, but there will be 
an error due to temperature coefficients mistracking. 

TABLE I. Output Voltage/Current Ranges for DAC1285 Series 

r-

Output Digital Input 
Range Code 

±10V Complementary Offset Binary 

±5V Complementary Offset Binary 

±2.5V Complementary Offset Binary 

10V Complementary Binary 

5V Complementary Binary 

±1 mA Complementary Offset Binary 

-2mA Complementary Binary 

.. Optional, no connection necessary 

R23 
6.2k 

12·BITCURRENTMOOE O/A 

Connect 
Pin 15 to 

19 

18 

18 

18 

18 

NC 

NC 

r-

Connect 
Pin 16 to 

24 

24 

24 

24 

24 

24 

24 

R23 
6.2k 

Connect 
Pin 17 to 

20 

20 

20 

21' 

21' 

20 

21' 

12·81T CURRENT MODE alA 

Connect 
Pin 19 to 

15 

NC 

20 

NC 

20 

NC 

NC 

EXTERNAL 
OPAMP 

I 

DAC1285,DAC1285A • Vour DAC12B5, DAC1285A -=- l 
~------------------------~ 

Your = (0 mA to 1.9995 mAl (R20) 
= (0 mA to 1.9995 mAl (5k) 
= OV to 9.9976V 

1 LSB = 2.44 mV 

FIGURE 7. 10V Unipolar Operation 

-------------------------~ 
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FIGURE 8. ± 10V Bipolar Operation 
with External Operational Amplifier 

vour 



, 
3.3 Offset and Full·Scale Adjust 3.4 Logic Input Coding 

The DAC1285 series may-be offset and full·scale adjusted The logic inputs to the DAC1285 series are complemen· 
using the circuit shown in Figure 9. Offset voltage should tary; i.e., a given bit is turned ON by an active low input. 
be adjusted first. A logic "1" (;;, 2V) shouldbe applied to all Table II summarizes input status for unipolar and bipolar 
logic Inputs. In bipolar mode, the offset Is adjusted to codes. 
equal minus full·scale. In unipolar mode, the offset is ad· 3.5 Reference Supply 
justed to read OV at the output. Full-scale Is then adjusted 
by applying a logic "0" (sO.8V) to all Inputs for operation. The DAC1285 series is supplied with an internal 6.2V 

The range of R1 and R2 shown in Figure 91s approximately reference regulator(pin 24). In order to obtain the specified 

:I: 0.2% of full-scale for the values shown .. unadjusted performance, the reference output (pin '24) 

A 30 second "warm·up" period should be allowed (after 
should be connected to the reference input (pin 16). An ex· 
ternal reference voltage may be used with the DAC1285 

power turn-on) before making the above adjustments. series if provision is made to calibrate full-scale as shown 
in Figure 9. Since the reference is buffered, it may be used 
externally at currents up to 2.5 rnA . 

E • .. -E>, ~ r-O+vs 

II I ~~I REF r i-. 10M 10k TO 

11 CONTROL ~ -I"""" lOOk 

E 
CIRCUIT 

f- "* ~~,O'Ol~F ...-o-vs 

E f- -f"" :B-
E 

-::"I '::" 3.9M 10kTO r- 12·BIT !!!... lOOk 

E 
RESISTOR 5k .5k 

:ill r- LADDER 
~ 

, 
NETWORK 

II r- ANO J!I 
$l~F 

+vS 

IT 
CUR~ENT 6.2k a f- SWITCHES 

IT r- ~~ S 
@: f- ~ , 

ri2: ---.J I rw Vs p 

to., lIT till 

FIGURE 9. External Adjustment and Voltage Supply Connection Diagram 

I 

TABLE II 

Input Code (Note 7) Output 
Unipolar Output Ranges 

Code Type MSB LSB State o mA-2 rnA 
OV to 10V OVt05V o mA-1.25 mA 

Unipqlar o 0 0 000 0 0 0 000 Full·Scale 9.9976V 4.9988V -1.9995 rnA 

Complementary' 1 1 1 1 1 1 1 1 1 1 1 0 1 LSBON 0.0024V 0.0012V ::"0.0005 rnA 

Binary 1 1 1 1 1 1 1 1 1 1 1 1 Zero-Scale O.OOOOV O.OOOOV 0.0000 rnA 

Code Type 
Input Code (Note 7) Output Bipolar Output Voltage Ranges 

MSB LSB State :l:10V :l:5V :!:2.5V :1:1 rnA 

Bipolar 000000000000 Full-Scale 9.9951V 4.9976V 2.4988V -0.9995 rnA 

Complementary o 1 1 1 1 1 1 1 1 1 1 1 Half·Scale O.OOOOV O.OOOOV O.OOOOV 0.0000 rnA 

Binary 1 1 1 1 1 1 1 1 1'1 1 0 1 LSBON -9.9951V -4.9976V -2.4988V 0.9995 rnA 

1 1 1 1 1 1 1 1 1 1 1 1 Zero-Scale -10.0OO0V 
, 

-5.0OO0V -2.5000V 1.0000 rnA 

Nol.7: Logic Input sense Is such that an active low (VIN "O.SV) turns a given bit ON and is represented as a iogic "0" in the table. 
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3.6 Logic Input Compatibility 

The design of the current mode switches in the DAC1285 
series gives the device true TTL compatibility. it is TTL 
compatible over the entire operating temperature range 
and Is independent of the reference voltage and Vce. Fur· 
thermore, since the input breakdown ratings are in excess 
of 10V, the DAC1285 series may be driven directly from 
high (or low) voltage CMOS. 

3.7 ± 12 Volt Supply Operation 

These DACs will operate with supply voltages as low as 
± 11.4V. It is recommended that output voltage ranges 
-10V to + 10V and OV to 10V not be used if the supply 

voltages are ever less than the recommended ± 12V. The 
output amplifier may saturate if IVSUPPLVI-IVoUT maxi· 
muml<2.0V. 

3.8 Power Supply Connections 

For optimum performance power supply decoupling 
capacitors should be added as shown in the connection 
diagrams (Figure 9). These capacitors·(1 I'F electrolytic 
recommended) should be located close to the device. 
Electrolytic capacitors, if used, should be paralleled with 
0.01 I'F ceramic capacitors for optimum high frequency 
performance. 
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~National 
~ Semiconductor 

A toO, D toA 

DM2502, DM2503, DM2504 Successive Approximation 
Registers . 
General Description 
The DM2502, DM2503 and DM2504 are 8-bit and 12-bit 
TTL registers designed for use in successive approxima· 
tion A/D converters. These devices contain all the logic 
and control circuits necessary in· combination with a 

. D/A converter to perform successive approximation 
analog·to·digital conyersions. 

The DM2502 has 8 bits with serial capability and is not 
expandable. . 

The DM2503 has 8 bits and is expandable without serial 
capability. 

The DM2504 has 12 bits with serial capability and 
expandability . 

All three devices are available in ceramic DIP, 'ceramic 
flatpak, and molded Epoxy·B D IPs. The DM2502, 

, Logic Diagram 
" 

DM2503 and DM2504 operate over -55°C to +125°C; 
the DM2502C, DM2503C and DM2504C operate over 
O°C to +70°C. 

Features 
• Complete logic for successive approximation AID 

converters 

• 8-bit and 12-bit registers 
• Capable of short cycle or expanded operation 

• Continuous or start·stop operation 
• Compatible with D/A converters using any logic code 

• Active low or active high logic outputs 
• Use as general purpose serial·to·parallel converter or 

ring counter 

~[~~EJ:t- - - ;;;{;;:I- - - ~ •• 
(DM2502, 
DM2504) 01 (III 06(101 

I I 
I I 
I I 

V '" CP .. , 
I I 

L ___________ J 
Notet. CelllogrClsrepNledlarreg'lferstigel 

ns to Ql OM2502, DM250J 
Q9tGQ.1 OM2504 

Note:! Nllmbers!" p~renlh!selartlar DMZ5D4 

Connection Diagrams (Dual·ln·Line and Flat Packages) 
DM2502, DM2503 DM2504 

Vee 0.7 ., 06 .5 .4 CP 

I" 15 14 " 12 11 " 
, 

-

, , , 4 5 , 1 I' 
(DM25021 Occ .0 ., 02 ., 'NO 

DO 
(DM2503) 

E 
TOP VIEW 

Order Number DM2502J DM2502CJ, DM2503J 
or DM2503CJ 

See NS Package J16A 
Order Number DM2502CN or DM2503CN 

See NS Package N16A 
Order Number DM2502W, DM2502CW, DM2503W, 

orDM2503CW 
See NS Packege W16A 

[" 

1 

-
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CP 

" 22 21 20 19 18 11 16 15 14 Il 

-

, , • 5 6 1 , , 
" 11 J12 

00 Oce DO 01 02 03 04 05 NC 0 GND 

TOP VIEW 

Order Number DM2504F or DM2504CF 
See NS Package F24A 

Order Number DM2504J or DM2504CJ 
See NS Package J24A 

Order NUmber DM2504CN 
See NS Package N24A 



Absolute Maximum Ratings (Note 1) 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

7V 
5.5V 
5.5V 

-6So C to +150°C 
300°C 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER 

Logical "1" Input Voltage (V!Hl 

Logical "1" Input Current IIIH) 

CP Input 

D. t, S Inputs 

All Inputs 

Logical "0" Input Voltage (V1Ll 

Logical "0" Input Current (Ill) 
CP, S Inputs 

D. E Inputs 

Logical "1" Output Voltage (VOH ) 

Output Short Circuit Current 

(Note 41 lIasl 

Logical "0" Output Voltage (VOL I 

Supply Current Oed 
DM2502C 
DM2502 
DM2503C 
DM2503 
DM2504C 
DM2504 

Propagation Delay to a Logical "0" 
From CP to Any Output (tpdo) 

Propagation Delay to a Logical "0" 
From E to Q7 (0111 Output (tpdol 

Propagation Delay to a Logical "1" 
From CP to Any Output (tp dl) 

Propagation Delay to a Logical "1" 
From E to Q7 (0111 Output (tpd,1 

Set-Up Time Data Input (t$(O)) 

Set-Up Time Start Input (ts(Si) 

Minimum Low CP Width (tPWL) 

Minimum High CP Width (tPWH) 

Maximum Clock Frequency (fMAX ) 

CONDITIONS 

Vee = Min 

Vee = Max 
V ,H o2AV 
~ IH ......... 

V 1H = 5.5V 

Vee =: Min 

Vee = Max 
V1L = OAV 

V ,L °OAV 

Vee = Min, IOH =: -0.48 mA 

Vee =: Max; VOUT = O_OV; 
Output High; CP, D, S, High: 
E Low 

Vee'" Min, IOL = 9_6 mA 

Vee = Max, All Outputs Low 

CP HIgh, SLow 
DM2503, DM2503C, DM2504, 
DM2504C Only 

CP High, SLow 
DM2503, DM2503C, DM2504, 
DM2504C Only 

Operating Conditions 

MIN MAX UNITS 

Supply Voltage, VCC 
DM2502C, DM2503C, 4.75 5.25 V 
DM2504C 

DM2502, DM2503, 4.5 5.5 V 
DM2504 

Temperature, T A 
DM2502C, DM2503C, 0 +70 °c 
DM2504C 

DM2502, DM2503, -55 +125 °c 
DM2504 

Vcc = 5.0V, TA = 25°C, CL = 15 pF, unless otherwise specified. 

MIN 

2.0 

2A 

-10 

10 

10 

-10 

o 

15 

TYP 

6 
6 

-1.0 
-1.0 

3.6 

-20 

0.2 

65 
65 
60 
60 
90 
90 

18 

16 

26 

13 

4 

9 

30 

17 

21 

MAX UNITS 

V 

40 J1A 
80 J1A 
1.0 mA 

0.8 V 

-1.6 mA 
-3.2 mA 

V 

-45 mA 

0.4 V 

95 mA 
85 mA 
90 mA 
80 mA 
124 mA 
110 mA 

28 ns 

24 ns 

38 ns 

19 ns 

8 ns 

16 ns 

42 ns 

24 ns 

MHz 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the -5SoC to +12SoC temperature range for the DM2S02, DM2503 and DM2504, 
and across the aOc to +70°C range for the DM2502C, DM2503C and DM2504C. All typicals are given for VCC = 5.0V and TA = 2SoC. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis_ 

Note 4: Only one output at a time should be shorted. 
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Application Information 
OPERATiON 

The registers consist of a set of master latches that act 
as the control elements'in the device and change state 
on the input clock high-to-Iow transition and a set of 
slave latches that hold the register data and change on 
the input clock low-to-high transition. Externally the 
device acts as a special purpose serial-to·parallel converter 
that accepts data at the D input of the register and sends 
the data to the appropriate slave latch to appear at.tlie 
register output and the DO output on the DM2502 and 
DM2504 when the clock goes from low-to-high. There 
are no. restrictions on the data input; it can change state 
at any time except during a short interval centered about 
the clock low·to-high transition. At the same time that 
data enters the register bit the next less significant bit 
register is set to a low ready for the next iteration. 

The register is reset by holding the S (Start) signal low 
during the clock low-to-high transition. The register 
synchronously resets to the state Q7 (11) low, and all 
the remaining register outputs high. The Qcc (Conver
sion Complete) signal is also set high at this time. The S 
signal should not be brought back high until after the 
clock low·to-high transition in order to guarantee 
c~rrect resetting. After the clock has gone high resetting 
the register, the S signal must be removed. On the next 
clock low·to·high transition the data on the D input is 
set into the Q7 (11) register bit and the Q6 (10) register 
bit is set to a low ready for the next clock cycle. On the 
next clock low·to-high transition data enters the Q6 (10) 
register bit and Q5 (9) is set to a low. This operation is 
repeated for each register bit' in turn until the register 
has been filled., When the data goes into QO, the Qce 
signal goes low, and the register is inhibited from further 
change until reset by a Start signal. 

The DM2502, DM2503 and' DM2504 have a specially 
tailored two-phase clock generator to provide non
overlapping two-phase clock pulses (i.e., the clock 
waveforms intersect below the thresholds of the gates 

Timing Diagram 

they drive). Thus, even at very slow dV /dt rates at the 
clock input (such as from relatively weak comparator 
outputs), improper logic operation will not result. 

LOGIC CODES 

All three registers can be operated with various logiC 
codes. Two's complement code is used by offsetting the 
comparator 1/2 full range + 1/2 LSB and using the 
complement of the MSB (07 or all) with a binary D/A 
converter. Offset binary is used in the same manner but 
with the MSB (Q7 or Ql1). BCD DfA converters can be 
used with the addition of illegal code suppression logic. 

ACTIVE HIGH OR ACTIVE LOW LOGIC 

The register can be used with either D/A converters that 
require a low voltage level to turn on, or Df A converters 
that require a high voltage level to turn the switch on. If 
D/ A converters are used which turn on with a low logic 
level, the resulting digital output from the register is 
active low. That is, a logic "1" is represented as a low 
voltage level. If 0/ A 'converters are used that turn on 
with a high logic level then the digital output is active 
high; a logic "1" is represented as a high voltage level. 

EXPANDED OPERATION 

An active low enable input, E, on the DM2503 and 
DM2504 allows registers to be connected together to 
form a longer register by connecting the clock, D, and S 
inputs in parallel.and connecting the Qce output of one 
register to the E input of the next less significant 
register. When the start signal resets the register, the E 
signal goes high, forcing the Q7 (11) bit high and 
inhibiting the register from accepting data until the 
previous register is full and its Qee goes low. If only 
one register is used the E input should be held at a low 
logic level. 

DM2502. DM2503 

.7,1 1 

•• 1 1 L--.J 
.'1 1 

.'1 1 L--.J 
UJr:::::J 

OUTPUTS 

.2 1 1 L--.J 

.'1 1 I 

.0 I I L--.J 
lied 1 
DO 
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Application Information (Continued) 

SHORT CYCLE 

If all bits are not required, the register may be truncated 
and conversion time saved by using a register output 
going low rather than the ace signal to indicate the end 
of conversion. If the register is truncated and operated 
in the continuous conversion mode, a lock·up condition 
may occur on power turn·on. This condition can be 
avoided by making the start input the OR function of 
Occ and the appropriate register output. 

COMPARATOR BIAS 

To minimize the digital error below ±112 LSB, the 
comparator must be biased. If a D/ A converter is used 
which requires a low voltage level to turn on, the 
comparator should be biased +1/2 LSB. If the D/A 
convener r~4ui,,::~ d :-.;!;j:-I :0;;;:; ~:,::! !~ !'.!!"~ nn ~hp 

comparator must be biased -1/2 LSB. 

D~finition of Terms 
CP: The clock input of the register. 
0: The serial data input of the register. 

DO: The .serial data out. (The D input delayed one bit). 

E: The register enable. This input is used to expand the 
length of the register and when high forces the 07 (11) 
register output high and inhibits conversion. When not 
used for expansion the enable is held at a low logic level 
(ground). 
0i i = 7 (11) to 0: The outputs of the register. 
Clcc: The conversion complete output. This output 
remains high during a conversion and goes low when' a 
conversion is complete. 
07 (11): The true output of the MSB of the register. 
Q7 (11): The complement output of the MSB of the 
register. 
S: The start input. If the start input is held low for at 
least a clock period the register will be reset to 07 (11) 
low and all the remaining outputs high. A start pulse that 
i< low for a shorter period of time can be used if it 
meets the set·up time requirements of the S input. 

Truth Table DM2502, DM2503 

TIME INPUTS OUTPUTS' 

tn 0 S E2 003 07 06 as 04 03 02 Ql 

0 X L L X X X X X X X X 
1 07 H L X L H H H H H H 

2 06 H L 07 07 L H H H H H 

3 05 H L 06 07 06 L H H H H 

4 04 H L 05 07 06 05 L H H H 

5 03 H L 04 07 06 05 04 L H H 

6 02 H L 03 07 06 05 04 03 L H 

7 01 H L 02 07 06 05 04 03 02 L 

8 00 H L 01 ' 07 06 05 04 03 02 01 
9 X H L DO 07 06 05 04 03 02 01 
10 X X L X 07 06 05 04 03 02 01 

X X H X H NC NC NC NC NC NC 

Note 1: Truth table for OM2504 is extended to include 12.outputs. 

Note 2: Truth table for DM2502 does not include E column or last line in truth table shown. 

H .. High Voltage Level 

L '" Low Voltage level 
X .. Don't Care Note 3: Truth table for OM2503 does nOl Include DO column. 

Typical Applications 

DD 
CLOCK CP DM2/iOZ 

Q7Q6Q5Q4Q3Q2QlllO 

D/A CONVERTER 

Activ. High 

CLaCK 

NC" No Change 

DD 
DMlaUt 

lie, 
0' 01 as 04 03 Q2 al no 

D/A CONVERtER 

Active Low 

BCD Illegal Code Suppr_ion 
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00 Dec 

X X 
H H 

H H 

H H 

H H 

H H 

H H 

H H 

L H 

00 L 

00 L 

NC NC 



Typical Applications (Continued) 

R2 
100 

Fast P,ecision Analog·to·Digital Converte, 

15V 

BIPOLAR UNIPOLAR lOOk 
/O-1 ..... "",.,.-~ ~Jk'UN1POLAR) 

100 

VCC 
BIPOLAR OFF 

a.m 
DACt265 

OAC 

lOUT" 4 x 'REF x CODE 

CODE INPUT 

12 24 MSB LSB 13 
DIG COM 

~ 
MSa 

DIG OUT 12 _...::LS:.;B:;,,.++++++-++++-. 
21 16 9 

mwfUM1 ---:-oIm: 
SERIAL OUT ---:~ 

100 
-15V 

11 

11 DATA IN 

14 mIlT 

CLOCK 

INPUT RANGES 

Unipola, Bipola, 

Oto 10 ±5 
Otc 5 ±2.5 
Otc 20 ±10 

: } ANALOG INPUTS 

5V 

lk 
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~National' 
~ Semiconductor 

A to D, D toA 

BI-FET Technology 

LF13300 Integrating AID Analog Building Block 

General Description 
The LF13300 is the analog section of a precision inte
grating analog-to-digital (A/D) system. JFET and bipolar 
transistors (BI-FET) are combined on the same chip to 
f1rovide a hioh inout imoedance unity gain buffer, 
comparator and integrator, along with 9 JFET analog 
switches_ The LF13300 has sufficient resolution to 
construct up to a 4 1/2-digit Digital Panel Meter (DPM) 
or a 12-bit (plus sign) Data Acquisition System and is 
specifically designed for use with the ADB 1200 12-bit 
binary building block_ 

*See ADB1200 data sheet for more information. 

Block and Connection Diagrams 

Features 
• Rugged JFETs allow blow-out free handling 
• High input impedance 10,000 Mn typ 

• Automatic offset correction 
== ,~~ii~~~; :::-::"::!:-'r' ::;-: !::: ~~~'~!!:~!!~I ,:!~~ ~!~':'trir~II~1 

isolated from high noise digital circuits , 

• Analog input range of ±llV with ±15V supplies 
• Wide power supply voltage range ±5V to ±18V 

• TTL and CMOS compatible I~gic 
• Can interface directly with microprocessors 

• Versatile: can be used as a 12-bit plus sign binary 
A/D, 4 112-digit, 3 3/4-digit and 3 1/2-digit Digital 
Panel Meter (DPM) 

• Low cost 

ANALOG 
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(AGI (vxJ INPUT{VR' OUT Cac] 

" Dual-In-Line Package 

POWER 1 1. ANALOG 
SUPrLYGNO '.0 

v' ' 
11 ANALOG 

INPUT 

COMPARATOR 3 1& VREFIN 
.UT 

15 BUFFEII 
.UT 

so NEURAMP 5 14 0P AMf' 
UNKNOWN " POLDEr/pas & 13 DPAMP 
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{PD/RU+I 

TOP VIEW 
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Absolute Maximum Ratings 

Supply Voltage ±lBV 
Power Dissipation, '(Note 1) 570mW 
Junction Temperature 110°C 
Storage Temperature Range -65°C to +150°C 
Operating Temperature Range O°C to +70°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical CharaC?teristics (VS = ±15V, T A = 25°C, unless otherwise noted) 

TEST LF13300 
PARAMETER CONDITIONS UNITS 

CIRCUIT MIN TYP MAX 

Analog Input Current, liN - Vx=O 1,2 BO 500 pA 

TMIN ~ TA ~ TMAX 5- nA 

Analog Input Voltage Range Vx Adjusted untillllNI:;::: 10 nA 1,2 ±11 V 

Analog Input Resistance Vx = 0 1,2 10,000 Mn 

Reference I nput Currents, I R VR = 10V 1 100 nA 

TMIN~TA~TMAX 3 10 p,A 

Reference Input Voltage Range VR Adjusted until ilRI:;::: 10p,A 3 0 11 V 

Reference I nput Resistance VR = 10V 3 1000 Mn 

Offset Correction Voltage, -VB 4 -12 V 

Offset Correction 5 20 2000 pA 

Input Current, IOC 5 20 nA 

Op Amp Slew Rate 6 10 V/p,s 

Op Amp Bandwidth' 7 3 MHz 

Buffer Slew Rate 9 25 V/p,s 

Comparator Response Time 200 p,V Input Stop, 100 p,V 11 2.5 p,s 

Overdrive 

Comparator Output Saturation VCC = 5V, RL = 2k, 11 0.25 0.4 V 

Voltage TMIN~TA~TMAX I 

Logic "1" I nput Voltage All Switching Input Pins 5, 6, 2.0 5.0 V 

7,8, TMIN~TA~TMAX 

Logic "0" Input Voltage All Switching Input Pins 5, 6, -2.0 O.B V 

7, B, TMIN~TA~TMAX 

Logic I nput Current All Switching Input Pins 5, 6, 15 50 p,A 

7, 8, 0~VL~5V, TMIN ~ 

TA ~TMAX 

Power Supply Voltage Range ±VS VR ~ V+.:. 3V, VIN = OV ±4.75 ±18 V 

3:0 mA 

-5.5 mA 

TMIN~TA~TMAX ±11 mA 

Nota 1: For operating at elevated temperature., tha LF13300 in the dual-in-line package must be derated based on the thermal resistance of 
100·elW junction to ambiant. 
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Typical Performance Characteristics 
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Functional Description 
The LF 13300 goes through the following 5 states 
during normal cycle:- 1) Offset Correction; 2) Polarity 
Determination; 3) Initialization; 4) Ramp Unknown; 
5) Ramp Reference 

Offset Correction Description (Figure 1) 

The Offset Correction scheme will drive the input of 
the comparator to its switching threshold when the 
analog input is zero and the timing components, RC, 
are bypassed. 

The Offset Correction input (OC) is driven high, closing 
switches S4-S9. 
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The offset voltages are assigned as follows: VOSl - the 
input offset voltage of the buffer; VOS2 - the input 
offset voltage of A 1; VOS3 - the input offset voltage of 
A2; VOS4 - the input offset voltage of the comparator. 

S5 grounds the input of the buffer so that its output 
voltage is simply VOS1. S6 bypasses R to keep the 
integration time constant, RC, from affecting the 
circuit operation. S4 makes the total equivalent input 
voltage to A 1 be -VOS1 - VOS2. S7 puts the op amp 
in a unity gain configuration with respect to the input 
of A2. S8 keeps the output voltage of the op amp at 
-VB + VOS4 : -VB' (the Offset Correction potential) 
since the comparator is placed inside the loop. C3 
samples the output of the -VB generator. The voltage 
at the non-inverting input of A2 is -VB - VOSl 



Functional Description '(Continued) 

VOS2 - VOS3 + VOS4 = V1. Thus, the sum of the 
offsets is stored on C1, and the differential voltage 
across the comparator is zero. 

Polarity Determination (Figure 2) 

The simplified diagram of the LF13300 in the Polarity 
Determination state is shown in Figure 2. S5 and S3 are 
closed during this period. S5 grounds the buffer input 
and Vx (the unknown voltage) is applied through S3 to 
the non·inverting input of A 1. The equation that des
cribes the op amp output voltage is given in Figure 2. 
When V X is applied to A 1 at 11, the output of the op 
amp slews to Vx and is integrated until t2, when S3 
opens and S4 closes. At t2, VOUT slews down by -VX 

leaving 
1 jt2 ' 
~ VXdt - VB' at the op amp output. 
RC t2 

Just before t2, the comparator senses the op amp output 
with respect to -VB; the comparator output goes high 
if Vx > 0 and remains low if Vx -.:; O. 

Initialization (Figure 1) 

During initialization, the configuration is the same way 
as it is in the Offset Correction state and the op amp 
output is brought back to the Offset Correction poten
tial-VB'· 

Ramp Unknown (Figures 2 and 3) 

In the flamp Unknown state, if Vx ~ 0, S3 and S5 are 
closed, as shown in Figure 2, and Vx is applied to the 

aUF OUT R OP AMP IN 

15 14 
r~=~== 

I + 

+ input of the integrator.' If Vx < 0, the device is 
connecteq as in Figure 3 with S2 and S4 closed. Vx is 
now applied through the buffer to the - input of the 
integrator. In either Ramp Unknown case, the op amp 
output ramps in the positive direction and Vx is applied 
to a high impedance JFET input. 

Ramp Reference (Figure 4) 

In this state, the LF13300 is configured with switches 
Sl and S4 closed. The reference voltage, VR, ~ positive 
voltage, is applied to the buffer input and the op amp 
output ramps down until VOUT = -VB' where the 
comparator will trip. 

If Vx and VR are assumed to be constant over their 
respective integration periods, the integrals of Figure 4 
are reduced to, 

Vx (t4 - t3) VR (t5 - t4) 

RC RC 

or 

Since t4-t3 = 4096 clock periods and t5-t4 can be 
measured in clock periods, VXNR = X/212, where X is 
a digital binary output representing an analog input 
Vx with respect to VR. 

OPAMP OUT COMPOUT 

-VB' = -VB + VOS4 t 13 

58 

I 
i 
f 
I 
I 
I VI = -VB - VOSI - VOS2 - VOS3 + VOS4 

I -VB 

I 
L-r6-p AG 

18 

VR Vx 
COC2 

FIGURE 1. Offset Correction Circuit 
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Functional Description (Continued) 

BUF OUT R OPAMP IN 

1 Jt4 -VB'+VX+ -
RC t3 

1 Jt2 -VB'+VX+ -
RC tl 
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Vx dt: Ramp Unknown for Vx 2: 0 

Vx dt: Polarity Determination 

COMP OUT 

r-----
I + 

I 
I 
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OIGITAL 
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FIGURE 2. Polarity Determination Circuit or Ramp Unknown Circuit for Vx ~ 0 

VOUT = -VB' + .2. J 4 Vx dt: Ramp Unknown for Vx < 0 
RC t3 
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r--:----
I + 

I 
I 
I 
I 
I 
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I 
I 
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116 17 18 

OP AMP OUT 
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VR Vx COC2 
"t-rt-t .. t1'I'-

ANALOG GNO ... - .... --.---... .1~~ER 

FIGURE 3. Ramp Unknown for Vx < 0 
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Functional Description (Continued) 

OP AMP QUT COMPQUT 1---.., 
r-----
I + 

" 

'3 yO-u;-------
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
L AG , 

11-12 
v+ v- " !f." DG I 

~r-r1·I'~tl;- .:- · 
COC! 

ANALOG GNDt--..... ~~--' ~:'. :~~TAL 
*More accurately 1 (J t5+<l. 1 t4 ) 

VOUT=-VS'+- VRdt+ VXdt +6 
RC 14 t3 

Where 6 is the incrementel voltage overdrive needed to fully switch the comparator 
and <l. is the sum of the additional time required to develop 6 and the comparator 
propagation delay. 

FIGURE 4. Ramp Reference Circuit 

12-Bit AID Converter Electrical Characteristics 
12-bit plus sign. (LF13300 with ADB1200). (VR = '10.000V, FC = 250 kHz, OOC ~ TA ~ +70·C unless otherwise noted.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resolution (Note 3) VR = 5.000V, -10V ~ Vx ~+10V 13 Bits 

FC = 125 kHz, TA = 25°C 14 Bits 

Non-Linearity ±l/S ±1/2 LSB 

Ratiometric Gain Error (Def.) Vx = ±10.000V, TA = 25°C, (Note 2) ±1/2 ±2 LSB 

Gain Error Drift Vx = 10.000V ±1 ppml"C 

Zero Reading Drift VX=OV ±0.1i ppmfC 

Analog Input Voltage Range ±11 ±12 V 

Analog Input Leakage Curr~nt Vx = OV, TA = 25°C SO 500 pA 

, Analog Input Resistance Vx = 0v., TA = 25°C 100 1000 Mn 
Reference Input Voltage Range VR Varied, T A = 25°C 4 12 V 

Reference Input Leakage Current VR = 10.000V, TA = 25°C 100 nA 

Reference Input Resistance VR = 10.000V, TA = 25°C 100 1000 Mn 
Start Conversion Pulse Width VSC = 2.4V 2.4 Ils 

Conversion Time VIN = 10.000V 36 ms 

tc = 8960/FC 

15V Supply Currents LF13300, V+ Current 11 mA 

-15V Supply Currents LF13300, V- Current, ADB1200 27 45 mA 

VGG Current 

5V Supply Currents VIN = OV, ADB1200 23 39 mA 

VSS Current 

Note 2: The AID converter system must have been operational for a minimum of 30 seconds before this measurement is made. This is to relax the 
dielectric absorption effects of the integration capacitor. C. 
Note 3: Polarity and Overrange outputs are considered as additional output bits. 
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12·Bit AID Converter Circuit and Timing Diagrams 
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FIGURE 5. 
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Application Hints 
Increasing the Input Impedance of the LF13300, 
MM586312-Bit AID Converter 

The input impedance of the LF13300, ADB1200 
(MM5863) AID converter can be increased 1 to 2 orders 
of magnitude OVer the typical 1000 Mn cited in the 
12-bit AID specifications' by insuring that the signals 
that switch the LF13300 do not overlap. A circuit th'at 
eliminates switching overlap by introducing a Delay 
(td) '" 3.3k x 100 pF '" 300 ns to the rising edge of the 
signals from the ADB1200 (MM5863) is shown in 
Figure 6. Figure 7 shows the operation of this circuit. 
The total delay time tr' of the output will be equal to 
the inherent gate rise time, t r, plus the RC delay, td. 
The fall time, tf will be the basic gate delay. 

Nulling the Residual Offset 

The residual offset is < 200 /lV which is negligible for 
mbst applications. This can be reduced to < 40 p.V by 
lowering the clock frequency from 250 kHz to about 
75 kHz. If a lower residual offset is required, we may 
trim out the remainder as shown in Figure 8. This 
circuit applies a negative step to the offset correction 
capacitor, COC2, by means of a variable capacitor which 
is adjusted until charge injection imbalance of the offset 
correction switches are cancelled. 

FROM 
ADB1200 

(MM58631 TDlF13300 

PD/RU+ -1 ..... .....,,.,.....,;;.--.-

OfFSET 
CORRECTION 

SIGNAL 

DC II 

FIGURE 6. Overlap Elimination Circuit 

tB 

11 

16 

" 
t4 

LF133QD 

Gaez 

.. ~ 
COCI ":'" 
I,F 

LOW LEAKAGE 
TANTALUM 

tv 2 pF-20 pF VARIABLE CAPACITOR 

FIGURE 8. Residual Offset Nulling Circuit 

Eliminating Errors Due to Power Supply,Noise 

For many applications, power supply noise ,(f ;?: 10Hz) 
causes errors which reduces the accuracy of the system. 
In most applications, noise can be adequately eliminated 
by putting a series resistor (lOOn) in the power supply 
line with a 10 /IF tantalum capacitor connected at the 
power supply pins (Figure 9). The 10 /IF capacitor is, 
in addition to the normal 0.1 /IF ceramic disc capacitors, 

, used as supply bypass capacitors. 

Errors caused by noise on the negative supply, -VS, 
can be further reduced by replacing, COC3 with a 
10 p.F low leakage tantalum capacitor. Since -VB is 
3V above -VS, any noise appearing at -VS appears at 
-VB; the 10 /IF capacitor eliminates this noise. 

Continuous Conversion Mode 

For using the MM5863 in the continuous conversion 
mode, connect the end of conversion output, EOC 
(pin 23), to the output enable input, OE (pin 3), and 
connect the start conversion input, SC (pin 2) to 5V. 

Miscellaneous 

Since none of the' output pins employ short-circuit 
protection, extreme care should be taken when bread
boarding or troubleshooting with the power ON. 
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FIGURE 9. Power Supply Noise Reduction Circuit 
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FIGURE 10. Continuous Conversion 12·Bit Plus Sign Serial Output AID Using the LF13300 and the ADB1200 
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Typical Application~ (Continued) 
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FIGURE 11. 12·8it Plus Sign AID in Command Conversion Mode 

4·Channel Differential Multiplexer with Autozeroed 
Instrumentation Amplifier. and 12·Bit AID Converter 

Figure 12 shows a low speed, high accuracy, data acqui
sition unit where the analog input signal is acquired 
differentially and preconditioned through an LF352 
monolithic instrumentation amplifier. To eliminate 
amplifier offset errors, autozeroing circuitry is added 
around the LF352 and is timed thmugh the ADB1200 
and flip-flop C. Flip-flops A and B form a 2-bit up 
counter for channel select. 

The instrumentation amplifier is zeroed at power-up and 
after each conversion as shown in the timing diagram; 
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during autozero the multiplexer is disabled. When the 
system does polarity detection and AID conver
sion, the LF352 is active and the mUltiplexer is enabled. 
The zeroing cycle for the LF13300 and the LF352 
lasts for 256 clock periods, so the maximum clock 
frequency will depend upon the' required accuracy and 
the minimum zeroing time of the instrumentation 
amplifier. Notice here that the system accuracy will be 
less than 12 bits since it will be affected by the gain 
linearity of the instrumentation amplifier. 

For more details concerning data acquisition, see AN-156 
and LF 11508/LF 11509 data sheet. For details on the 
instrumentation amplifier, see the LF352 data sheet. 



Typical Applications (Continued) 
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Typical Applications (Continued) 
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Typical Applications (Continued) 

3 3/4 Plus Digit (±8191 Counts1l3 1/2·Digit (±1999 
Counts) DPM 

In this circuit of Figure 14, the LF13300 and ADB1200 
interact as previously described. The CMOS counter 
(MM74C926, MM74C928) is connected to count clock 
pulses during the ramp reference cycle. The counts are 
latched into the display when the comparator output 
trips, (goes low), as shown in the timing diagram 
Figure 15. 

The RC network consisting of Rl and Cl is a low pass 
filter that prohibits the fast transients that occur on the 
comparator output during Offset Correction from 
loading any erroneous counts into the counter. 

The DPM is able to operate from a single 15V power 
supply with the aid of a dc·dc converter. The LM555 
generates the negative voltages required in the circuit 
and also. doubles as the clock. The combination of 
aI, R2, R3 and R4 forms a level shift to convert the 
output swing of the LM555 to a OV-5V swing that is 
compatible with the logic. The LM340-5 drops the 
incoming 15V to 5V for use by the logic circuits and 
the LED dispiay. 

This circuit can be a 3 3/4 plus digit DPM if the 
MM74C926 is used or a 3 1/2·digit DPM if the 
MM74C928 is used. These counters are pin compatible 
and physically interchangeable. 

RAMP UNKNOWN FOR V,N > 0 

OP AMP OUTPUT ~ RAMP UNKNOWN FOR V,N < 0 

PIN13(LF13300)..J1..j ,~~ 
L-I 

COMP OUTPUT m-m 
PIN 3 (LF13300) ~ I 

RR 

r-t n PINS 
(LF13300) 

(IiE)EOC n 
PINS 3. 23 (MM5S63) • n I 

RESET 

Y ~ PIN 13 V 
(MM74C926) 

CLOCK 

UIIUU1IU uumnr PIN 12 
(MM74C92&) 

MM5S&3 CLOCK 

LATCH ENABLE --------...," LJ PIN 5 (MM74C926) L-...-...I DISPLAYS NO. OF CLOCK PULSES 
COUNTED WHEN CLOCK WAS 

ENABLED 

FIGURE 15. Timing Diagram for 3 3/4·DIglt DVM 

3 3/4·Digit DPM Electrical Characteristics 
3314 plus digits plus sign (±8191 counts) DPM system characteristics. 
(Circuit as in Figure 14, Vs = ±15V, VR = 4.096V, TA = 25°C, unless otherwise noted.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resolution ":'8.2V ~ Vx ~ +8.2V 16,382 Counts 

Nonlinearity VIN = 4.000V ±1/8 ±1/2 Counts 

Ratiometric Gain Error VIN = 4.000V ±1/2 ±2 Counts 

Gain Error Drift VIN = 4.000V, O°C ~ T A ~ +70°C, ±1 ppmfC 

Zero Reading Drift VIN = OV ±1 ppmfC 

Analog Input Voltage Range ±11 V 

Reference Input Voltage Range Reference Varied 0 +12 V 

Analog Input Leakage Current VIN = OV 80 500 pA 

Reference Input Leakage Current - 1 100 nA 

Analog Input Resistance VIN=OV 1000 Mn 

Conversion Time VIN = 4.00DV, fC = 125 kHz 74 ms 
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Typical Applications (Continu~d) 

Component Side Foil 

FIGURE 16. PC Board for 33/4 Plus (±8191 Countsl and 3 1I2·Digit DP.M 

FIGURE 17. Stuffing Diagram for 3 3/4 Plus (±8191 Count,land 3 1/2·Digit DPM 
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AC Test Circuits 
Test Circuit 1 Test Circuit 2 

Analog Input Characteristics Test with RU - High Analog Input Characteristics Test with PD/RU+ High 

~ _____ -t-:1:.8t11IIN 

52 

VSo-~i-:"'I 

NCo--I~:.t NCo-~-'''f 

-V50--I1-"f ...... --r-o NC L---+':'::""--o NC 

5Vo-~-':..t 

II II 
LFI3300 LFI3300 

t'1.;.0"'-O-12V ,,1;.;O ... _oO_12V 

Test Circuit 3 Test Circuit 4 
Reference Input Characteristic Test with RR High -VB Voltage Measurement Test 

IS 

V50--I1-'"I vsO--II-'i 

NCo--Il-~ NCo--II-"'I 
16 

-Vso--II-"f -vsO--II-~ LFI3300 15 
NC 

NC 

NC 

5vo--II-'i NC 

5vo--Il-~ NC 

10 
-12V 

10 
-VS 

":' 

Test Circuit 5 Test Circuit 6 
Offset Correction Input Current, IOC Test Dp A,!,p Slew Rate Test 

IS IS 

VsO--+~ 
17 ":' 

5V:.rL INPUT 
-5V Vs 0--11-'"1 

NCo--li-::.j NCo--Il-~ Ne 

-vsO--II-~ -vso--II-"f NC 

":' 
lOOk 

VOUT 

T 20PF 

"""'Ir-...-r-::....:=.,.:~I-.Q -12V 
10 

-12V 
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AC Test Circuits (Continued) 

Test Circuit 7 
Frequency Response Test 

Vso-....,.t-'"'t 

NCo---1I-"'I 

4' 
-Vso--I-'"t 

5Vo--t-'"'t 

Vso--t-'"'t 

NCo---1I-'"'t 

-Vso---1-"I 

5Vo--II-""t 

Vso--t-"'l 

LF13300 

Test Circuit 8 
Open Loop Gain Test 

S4 

LF13300 

Test Circuit 9 
Buffer Slew Rate Test 

16 

15 

14 

13 

12 

11 

10 

18 

15 

14 

13 

12 

11 

10 

Ne INPUT 

Ne lk 

lOOk 

VOUT 

T 
20,F 

-12V 

10 ':" 

1M INPUT 

Ne 
VIN 

Ne r:-l 
, lpF ':" 

':" 

-12V 

AVOL'" 
VOUTX 105 

1M 
VIN 

VOUT 

lOOk 

10V-n 

-10V-l L.. 

-Vs 0---11-'"1 ">--¥:....._-.... --t \--0 VOUT 

20,F 

lOOk 

13 
Ne ':" 

LF13300 
12 

5Vo--t-'"'t 
11 

"",'0'-<11--0 -12V 
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AC Test Circuits (Continued) 

NCo---1l-~ 

-VS 0---11-"'1 

5Vo---1l-"'I 

LF13300 

Test Circuit 10 
Buffer Voltage G~in Test 

lZ 

TANTALUM 
CAPACITORS 15V 

AV" 1- VOUT 
~"'--'O-IZV 1000 VIN 

-15V 

Test Circuit 11 
Comparator Response Time Test 

LF13300 

-Vs o--+-+-~ 

Zk 

6Vo--4_+-.::.j 
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i Typical Applications (Continued) 

lL 
...I 

c.uv 

+5V -1SV 

3.3M 

10k 

20DpF 

" 

NSN73 NSNll NSN" NSN)1 MSNll 

FLOATED ANALOG GND vwO>----Ih-
+1SV -ISV 

VR 

'·"1'1""" 
i-...J;::....,J,!!.....I!!....I!.....J.: ...... " 

'00 

RAU7-1aDN 

13 
12 
II 

" 

5 RU 

& 21 7 

DM7447A 

13. 

"Ok 

U"" 
POLYPflDPYlENE 

DIGITALGND * 

"POLYSTYRENE CAPACITOR 

FIGURE 18. LF11300. MM5330 DPM Application 
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~National 
~ Semiconductor 

A to 0,0 toA 

LM131A1LM131, LM231A1LM231, LM331A1LM331 
Precision Voltage-to-Frequency Converters 

General Description 
The LM131/LM231/LM331 family of voltage-to
frequency converters are ideally suited for use in simple 
low-cost circuits for analog-to-digital conversion, 
precision frequency-to-voltage conversion, long-term 
integration, linear frequency modulation or demodu
lation, and many other functions_ The output when used 
as a voltage-to-frequency converter is a pulse train at a 
frequency precisely proportional to the applied input 
voltage_ Thus, it provides all the inherent advantages of 
the voltage-to-frequency conversion techniques, and is 

converter applications_ Further, the LM131A/LM231A/ 
LM331A attains a new high level of accuracy versus 
temperature which could only be attained with 
expensive voltage-to-frequency modules_ Additionally 
the LM131 is ideally. suited for use in digital systems at 
low power supply voltages and can provide low-cost 
analog-to-digital conversion in microprocessor-controlled 
systems. And, the frequency from a battery powered 
voltage-to-frequency converter can be easily channeled 
through a simple photoisolator to provide isolation 
against high common mode levels_ 

The LM131/LM231/LM331 utilizes a new temperature
compensated band-gap reference circuit, to provide 
excellent accuracy over the full operating temperature 
range, at power supplies as low as 4.0V_ The precision 
timer circuit has low bias currents without degrading 

Typical Applications 

RIN 

VINIOV 
lOOk ,1011 

FUll-SCALE -b- C;N 
1'0.IPF 

the quick response necessary for 100 kHz voltage-to
frequency conversion_ And the output is. capable of 
driving 3 TTL loads, or a high voltage output up to 
40V, yet is short-circuit-proof against VCC. 

Features 

- Guaranteed linearity 0.01% max 

- Improved performance in eXisting voltage-to-frequency 
conversion applications 

• Split or single supply operation 

- Operates on single 5V supply 

• Pulse output compatible with all logic forms 

• E!'cellent temperature stability, ±50 ppmtC max 

• Low power dissipation, 15 mW typical at 5 V 

• Wide dynamic range, 100 dB min at 10 kHz full scale 
frequency 

• Wide range of full scale frequency, 1 Hz to 100 kHz 

• Low cost 

lMI31 
lM231 
lM331 

~!IOII 1....-....,., ."'.11-.-....... VlOGIC 

3 fDUT 
~--<"'---IO kHz 

FUll-SCALE 
+Vs 

.lCl 

f 

.... 1" ,I pF 
Rl 14 
lOOk -= 
±1%* -

, 

MYLAR 
22k 12k ±1%* 

• 47,10% 

-vs 
(OPTIDNAL) 

~ OFFSET ADJUST 

VIN Rs I 
fOUT = 2.09V' RL' RtCt 

*Us~ stable components with low temperature coefficients. See Typical Applications section. 

FIGURE 1_ Simple Stand-Alone Voltage-to-Frequency Converter 
with ±0_03% Typical Linearity (f = 10 Hz to 11 kHz) 
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Absolute Maximum Ratings 

LM131A/LM131 LM231A/LM231 LM331A1LM331 

Supply Voltage 40V 40V 40V 

Output Short Circuit to Ground Continuous Continuous Continuous 

Output Short Circuit to VCC Continuous Continuous Continuous 

Input Vol'tage -O.2V to+VS -O.2V to +VS -O.2V to +VS 

TMIN TMAX TMIN TMAX TMIN TMAX 

Operating Ambient Temperature Range -55°C to +12SoC _25°C to +8SoC OoC to +7O°C 

Power Dissipation (PO at 25°C) 
and Thermal Resistance (8jA) 

(H Package) Po 670mW S70mW S70mW 
8jA lS0°C/W lS0°C/W lS0°C/W 

(N Package) Po 500mW SOOmW 
8jA 15So C/W 155°C/W 

Electrical Characteristics T A = 25°C unless otherwise specified. (Note 1) 

PARAMETER CONDITIONS I MIN TYP MAX UNITS 

VFC Non·LinearitY (Note 2), 4.5V $ Vs $ 20V ±0.003 ±0.01 % Full· 

Scale 

TMIN$TA$TMAX ±0.006 ±0.02 % Full· 

Scale 

In Circuit of Figure 1 VS= 15V.f= 10Hzto 11 kHz ±0.024 ±0.14 % Full· 

Scale 

Conversion Accuracy Scale Factor VIN = -10V, RS = 14 k!'l 

(Gain) 

LM131, LM131A, LM2'31, LM231A 0.95 1.00 1.05 kHzlV 

LM331, LM331A 0.90 1.00 1.10 kHzlV 

Temperature StabilitY of Gain TMIN $ TA $ TMAX, 4.5V $ Vs $ 20V 
LM131/LM231/LM331 ±30 ±150 'ppmfC 

LM131A/LM231A/LM331A ±20 ±50 ppmtC 

Change of Gain with Vs 4.5V $ Vs $ 10V 0.01 0.1 %IV 

10V$VS$40V 0.006 0.06 %IV 

Rated Full·Scale Frequency VIN= ~10V 10.0 kHz 

Overrange (Beyond Full·Scale) VIN=-llV 10 % 
Frequency 

INPUT COMPARATOR 

Offset Voltage ±3 ±10 mV 

LM131/LM231/LM331 TMIN$TA$TMAX ±4 ±14 mV 

LM131A/LM231A/LM331A TMIN$TA$TMAX ±3 ±10 mV 

Bias Current -80 -300 nA 

Offset Current ±8 ±100 nA 

Common·Mode Range TMIN<TA<TMAX -0.2 VCC-2.O V 

TIMER 

Timer Threshold Voltage, Pin 5 0.63 0.667 0.70 x Vs 

Input Bias Current, Pin 5 Vs = 15V 

All Oevices OV $ VPIN 5 $ 9.9V ±10 ±100 nA 

LM131/LM231/LM331 VPIN S= 10V 200 1000 nA 

LM131A/LM231A/LM331A VPIN S = 10V 200 500 nA 

VSAT PIN S (Reset) I = SmA 0.22 0.5 V 
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Electrical Characteristics (Continued) TA = 25°C unless otherwise specified (Note 1) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

CURRENT SOURCE (Pin 1) 

Output Current RS = 14 kn, VPIN 1 - 0 
LM131, LM131A, LM231, LM231A 126 135 144 p.A 

LM331, LM331A 116 136 156 p.A 

Change with Voltage OV~VPIN1~10V 0.2 1.0 p.A 

Current Source OFF Leakage 

LM131, LM131A 0.01 1.0 nA 

LM231,LM231A,LM331,LM331A 0.02 10.0 nA 

All Devices TA = TMAX 2.0 50.0 nA . 
Operating Range of Current (Typical) (10 to 500) p.A 

REFERENCE VOLTAGE (Pin 2) 

LM131, LM131A, LM231, LM231A 1.76 1.89 2.02 VDC 

LM331, LM331A 1.70 1.89 2.08 VDC 

Stability vS,Temperature ±60 ppml'C 

Stability v, Time, 1000 Hours ±O.1 % 

LOGIC OUTPUT (Pin 3) 

VSAT 
0 

1=" mAl J 
n" 

1 
0.50 

i 
V 

I = 3.2 rnA (2 TTL Load,1. TMIN ~ T A ~ TMAX 0.10 0.40 V 

OFF Leakage ±0.05 1.0 p.A 

SUPPLY CURRENT 

LM131, LM131A, LM231, VS- 5V 2.0 3.0 4.0 mA 

LM231A Vs = 40V 2.5 4.0 6.0 mA 

LM331, LM331A VS= 5V 1.5 3.0 6.0 mA 

VS= 40V 2.0 4.0 8.0 mA 

Note 1: All specifications apply in the circuit of Figure 3, with 4.0V ::; VS::; 40V, unless otherwise noted. 

Note 2: Nonlinearity is defined as the deviation of fOUT from VIN x (10kHz/-10Vocl when the circuit has been trimmed for zero error at 
10 Hz and at 10 kHz, over the frequency range 1 Hz to 11 kHz. For the timing capacitor, CT. use NPO ceramic, Teflon". or polystyrene. 

Functional Block Diagrams 

Vee 8 

1---------1------------, 
I I 
I I PRECISION· I I CURRENT 

REFLECTOR I I 
I ~, • I 

I CURR'~I I 
SWITCH - I-- --- 1----, INPUT 

I I ~ I r<J" 1 COMPARATOR 

I INPUT 
CURRENT 

* + THRESHOLD 
OUTPUT 1 

I I , 
eU •• EN'~r I I I PUMP BIAS a FlI:~LOP I 213 Vee 

REFERENCE CURRENTS I CURRENT UOVDC 
TOAll !: At r , 

~ 
CIRt:18 I 1 I I ~TIM'. COMPARATOR I I ;! I FR'QU'NCvl I 'AND·GAP I 5 

OUTPUT I REFERENCE R·C 

I 3 
CIRCUIT 

~'SET I 
l I OUTPUT 

I 
::.s I DRIVER~ 

~OUTPUl 
~ TRANSISTOR ,. I I , 

I 1ROTECTO. 
I _L 

I I " 
I -r- eo 

I I I I 
I 

L _________ ---- ______ 1 I 
~ 

4 GND 

~ -=-
*Registered trademark of DuPont FIGURE 1a 
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Typical Performance Characteristics 
(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.) 
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Typical Applications (Continued) 

PRINCIPLES OF OPERATION OF A SIMPLIFIED 
VOL TAGE-TO-FREQUENCY CONVERTER 

The LM131 is a monolithic circuit designed for accuracy 
and versatile operation when applied as a voltage-to
frequency (V-to-F) converter or as a frequency-to· 
voltage (F-to-V) converter. A simplified block diagram 
of the LM131 is shown in Figure 2 and consists of a 
switched current source, input comparator, and l-shot 
timer. 

The operation of these blocks is best understood by 
going through the operating cycle of the basic V ·to·F 
converter, Figure 2, which consists of the simplified 
block diagram of the LM131 and the various resistors 
and capacitors connected to it. . 

The voltage comparator compares a positive input 
voltage, Vl, at pin 7 to the voltage, Vx, at pin 6. If Vl is 
greater, tne comparalor wiii i.li~~C,- t:-IG 1·~~;:: ::i.':=:-. The 
output of the timer wi II· turn ON both the frequency 
output transistor and the switched current source for a 
period t = 1.1 RtCt. During this period, the current i 
will flow out of the switched current source and provide 
a fixed amount of charge, Q = i x t, into the capacitor, 
CL. This will normally charge Vx up to a higher level 
than Vl. At the end of the timing period, the current 
i will turn OFF, and the timer will reset itself. 

Now there is no current flowing from pin 1, and the 
capacitor CL will be gradually discharged by R L urltil 
Vx falls to the level of V1. Then the comparator will 
trigger the timer and start another cycle. 

The current flowing into CL is exactly lAVE = i x 
(1.1 x RtCt) x f, and the current flowing out of CL is 
exactly Vx/RL ~ VIN/RL.lf VIN is doubled, the fre· 
quency will double to maintain this balance. Even a 
simple V-to·F converter can provide a frequency pre· 
cisely proportional to its input voltage over a wide 
range of frequencies. 

FREQUENCY 
OUTPUT 

FIGURE 2. Simplified Block Diagram of Stand-Alone 
Voltage-to-Frequency Converter Showing LM131 and 
External Components ' 
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DETAIL OF OPERATION, FUNCTIONAL BLOCK 
DIAGRAM (FIGURE 1a) 

The block diagram shows a band gap reference which 
provides a stable 1.9 VOC output. This 1.g VOC is well 
regulated over a V s range of 3.9V to 40V, It also has a 
flat, 'low temperature coefficient, and typically changes 
less than 1/2% over a 100°C temperature change. 

The current pump circuit forces the voltage at pin 2 to 
be at 1.9V, and causes a current i = 1.90V/Rs to flow. 
For Rs = 14k, i = 135 IlA. The precision current reflector 
provides a current equal to i to the current switch. The 
current switch switches the current to pin 1 or to 
ground depending on the state of the RS flip-flop. 

The timing function consists of an RS flip·flop, and a 
timer comparator connected to the external RtCt 
network. When the input comparator detects a voltage 
~! r.-in 7 hi!!hAr than Din 6. it sets the RS flip-flop which 
turns ON the current switch and the output driver 
transistor. When the voltage at pin 5 rises to 2/3 VCC, 
the timer comparator causes the RS flip-flop to reset. 
The reset transistor is then turned ON and the current 
switch is turned OFF. 

However, if the input comparator still detects pin 7 
higher than pin 6 when pin 5 crosses 2/3 VCC, the 
flip·flop will not be reset, and the current at pin 1 will 
'continue to flow, in its attempt to make the voltage at 
pin 6 higher than pin 7. This condition will usually 
apply under start·up conditions or in the case of an 
overload voltage at signal input. It should be noted that 
during this sort of overload, the output frequency will 
be 0; as soon as the signal is restored to the working 
range, the output frequency will be resumed. 

The output driver transistor acts to saturate pin 3 with 
an ON resistance of about 50n. In case of overvoltage, 
the output current is actively limited to less than 50 mAo 

The voltage at pin 2 is regulated at 1.90 VOC for all 
values of i between 10 IlA to 5001lA. It can be used as a 
voltage reference for other components, but care must 
be taken to ensure that current is not taken from it 
which could reduce the accuracy of the converter. 

PRINCIPLES OF OPERATION OF BASIC VOLTAGE
TO-FREQUENCY CONVERTER (FIGURE 1) 

The simple stand-alone V-to-F converter shown in 
Figure 1 includes all the basic circuitry of Figure 2 
plus a few components for improved performance. 

A resistor, RIN = 100 kn ±10%, has been added in the 
path to pin 7, so that the bias current at pin 7 (-80 nA 
typical) will cancel the effect of the bias current at pin 6 
and help provide minimum frequency offset. 

The resistance Rs at pin 2 is made up of a 12 kn fixed 
resistor plus a 5 kn (cermet, preferably) gain adjust 
rheostat. The function of this adjustment is to trim out 
the gain tolerance of the LM13l, and the' tolerance of 
Rt, RL and Ct. For best results, all the components 



Typical Applications (Continued) 

should be stable low·temperature·coefficient compon· 
ents, such as metal·film resistors. The capacitor should 
have low dielectric absorption; depending on the temper· 
ature characteristics desired, NPO ceramic, polystyrene, 
Teflon" or polypropylene are best suited. 

A capacitor is added from pin 7 to ground to act as a 
filter for VIN. A value of 0.01 fJ.F to 0.1 fJ.F will be 
adequate in most cases; however, in cases where better 
filtering is required, a 1 fJ.F capacitor can be used. When 
the RC time constants are matched at pin 6 and pin 7, 
a voltage step at VIN will cause a s~ep change in fOUT. 
If CIN is much less than CL, a step at VIN may cause 
fOUT to'stop momentarily. -

A 47n resistor, in series with the 1 fJ.F CL, is added to 
give hysteresis effect which helps the input comparator 
provide the excellent linearity (0.03% typical). 

DETAIl,. OF OPERATION OF PRECISION V·TO·F 
CONVERTER (FIGURE 3) 

In this circuit, integration is performed by using a con· 
ventional operational amplifier and feedback capacitor, 
CF. When the integrator's output crosses the nominal 
threshold level at pin 6 of the LM131, the timing cycle is 

* Registered trademark of DuPont 

10k t 10% 10k'10%** 

initiated. The average current fed into the op amp's 
summing point (pin 2) is i x (1.1 RtCt) x f which is 
perfectly balanced with -VIN/R IN. In this circuit, the 
voltage offset of the LM131 input comparator does not 
affect the offset or accuracy of the V·to·F converter as 
it does in the stand·alone V·to·F converter; nor does the 
LM131 bias current or offset current. Instead, the offset 
voltage and offset current of the operational amplifier 
are 'the only limits on how ,small the signal can be 
accurately converted. Since op amps with voltage offset 
well below 1 mV and offset currents well below 2 nA 
are available at low cost, thi~ circuit is recommended for 
best accuracy for small signals. This circuit also responds 
immediately to any change of input signal (which a 
stand·alone circuit does not) so that the output fre· 
quency will be an accurate representation of VIN, as 
quickly as 2 output pulses' spacing can be measured. 

In the precision mode, excellent linearity is obtained 
because the current source (pin 1) is always at ground 
potential and that voltage does not vary with VIN or 
fOUT. (In the stand·alone V·to·F converter, a major 
cause of nOIl·linearity is the output impedance at pin 1 
which causes i to change as a function of VIN). 

The circuit of Figure 4 operates in the same way as 
Figure 3, but with the necessary changes for high speed 
operation. 

Vs 

.... JVVII-. VLOGIC 
.J._ 

fOUT 
~-"'----IOkHz 

FULL·SCALE 

2.2k 

-~~----~~--------t----1 
FULL SCALE 

OPTIONAL 
OFFSET ADJUST 

20kTO 1M 

IN4002 

·Use stable components with low temperature coefficients. See Typica1 Applications section. 

"This resistor con be 5 kn or 10 kn for Vs = BV to 22V, but must be 10 kn for Vs = 4.5V to BV. 

"'Use low offset voltage and low offset current op amps ior A1: recommended types LM10B, LM30BA, LF351B 

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage.to·Frequency Converter 
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Typical Applications (Continued) 

DETAILS OF OPERATION, FREQUENCY·TO· 
VOLTAGE CONVERTERS (FIGURES 5 AND 6) 

In these applications, a pulse input at fiN is differen· 
tiated by a C·R network and the negative·going edge at 
pin 6 causes the input comparator to trigger the timer 
circuit. Just as with a V·to·F converter, the average 
current flowing out of pin 1 is IAVERAGE = i x 
(1.1 RtCt) x f. 

In the simple circuit of Figure 5, this current is filtered 
in the network RL = 100 kn and 1 J.lF. The ripple will 
be less than 10 mV peak, but the response will be slow, 

101l±111%** 

with a 0.1 second time constant, and settling of 0.7 sec· 
ond to 0.1% accuracy. 

In the precision circuit,an operational amplifier provides a 
buffered output and also acts as a 2·pole filter. The ripple 
will be less than 5 mV peak for all frequencies above 
1 kHz, and the response time will be much quicker than 
in Figure 5. However, for input frequencies below 200 Hz, 
this circuit will have worse ripple than Figure 5. The 
engineering of the filter time·constants to get adequate 
response and small enough ripple simply requires a study 
of the compromises to be made. Inherently, V·to·F 
converter response can be fast, but F·to·V response 
can not. 

Vs 

., . 
&.811±1"* 

LM.131 

'Ok 

41DpF 

.,0--11-+----, 

{

12k>,.. 

·s 
". 

VOUT = fiN x 2.IJ9Y II ii-x (RtCd 

1-:-4---00 ~~~rHt 
FULL SCALE 

Uk 

j!~o-~~-------~--~~--~ 
FULL SCALE 

, ..... 

""Use stable components with low temperature coefficients. 
See Typical Applications section. 

""This resistor can' be 5 k!l or 10 k!l for Vs = BV to 22V, 
but must be 10 k!l for Vs = 4.5V to BV. 

***Use low offset voltage and low offset current op amps for A1: 
recommended types LF351B or LF356. 

FIGURE 4. Precision Voltage·to·Frequency Converter, 
100 kHz Full·Scale, ±0.03% Non·Linearity 

+VS"+15V 

., 
6.81I1tl"-

1'--1-"'1"-- VoUT 

RL 
1DOkn" 

+VS--t4.5VTO-t20V 

10k 

"N -11-6-"-------"1 
Cl.47DpF 

{"'"'''' RS 

Sk' 

VOUT = -fiN x 2.0SV x ~ IC tRied 

SELECT Rx" (~~2~:1 

., 
6.Bk±I"· 

·f 
100ku" 

.Vs 

"Use stable components with low temperature coefficients. 

FIGURE 5. Simple Frequency·to·Voltage Converter, 
10 kHz Full·Scale, ±0.06% Non·Linearity 

"Use stQble components with low temperature coefficients. 

FIGURE 6. Precision Frequency·to·Voltage Converter, 
10 kHz Full·Scale with 2·Pole Filter, ±0.01% 
Non·Linearity Maximum . 
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Typical Applications (Continued) 

V,N -

Light Intensity to Frequency Converter 

A .... '.,.:: .... ,. 
LIGHT .......... 
INPUT 

-tSVTO+15V 

LM331 

3." 

6.81kRt 

330pFCI 

*L14F-l. L14G-l or L14H-l. photo transistor (General Electric Co.1 or similar 

Temperature to Frequency Converter 

v, 

F---if-4-_ 'OUTO: TEMP 

6.llk±I%RI 10HzrK 

C, 
0.01 ~F 

Long-Term Digital Integrator Using VFC 
Basic Analog·to-Digital Converter Using 
Voltage-to-Frequency Converter 

VFCCIRCUIT 
USING 
LM3l1 

-v, 

_2n f-2" 
C0402D 
CD404D 

OR SIMilAR 

(RESET) _--.... ---' 

-v, 

VIN 
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Typical Applications (Continued) 

Analog-to-Digital Converter with Microprocessor 

'V, 

Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver 

GNO 
150" 

LMJJI 

FREQUENCY 
OUTPUT 

~ / ... I +15Y I 

POWER 
SUPPLY 

Voltage-to-Frequenc." Converter with Square-Wave Output Using +2 Flip-Flop 

+VS" +4.DVOC TO +t5VoC 

+VS 

YFC 
CIRCUIT 
USING 
LMJJI 

41k 

CLR PRE 

fOUTCf/Z 
SQUARE 
WAVE_ 

Voltage-to-Frequency Converter with Isolators 

+YS 

YFC 
USING 
LMJJI 

/. 

\ 
fOUT 

lk 

OPTOISOLATOR 
4NZ8 OR 
SIMILAR 
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Typical Applications (Continued) 

Voltage-to-Frequency Converter with Isolators 
+VS 

+VLOGIC 

, - "' r---t---1 

L.._.---I'OUT 

COMPARATOR 
WITH 

'OUT 

':' HVSTERESIS 

Voltage-to-Frequency Converter with Isolators 
+VS 

TELEMETRV 
USING 

RF LINK 

+VLOGIC 

Voltage-to-Frequency Converter with Isolators 

V,N -

+VS 

t 

Connection Diagrams 
Metal Can Package 

Vs 

Glm 
TOP VIEW 

Order Number LM131AH, LM131H, LM231AH. /' 
LM231H, LM33;AH or LM331H 

Sea NS Package HOBe 
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+VLOGIC 

TO COMPUTER 
OR 
TO COUNTER ..----, __ '~~ OR 
TO F-TO-V 
CONVERTER 
USING LMI31 

Dual-I n-Line Package 

CURRENT 1 
OUTPUT 

REFERENCE 
-CURRENT 

FREQUENCY 3 
OUTPUT 

GNO 

TOP VIEW 

Vs 

COMPARATOR 
INPUT 

THRESHOLD 

RIC 

Order Number LM231AN, LM231N, LM331AN. 
or LM331N 

S •• NS Package NOBS 
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~Nationai A to 0,0 toA 
Semiconductor 

MM54C905/MM74C90512·Bit Successive Approximation 
Register .. 
General Description 
The MM54C905/MM74C905 CMOS 12-bit successive • Guaranteed noise margin 1.0V 
approximation register contains all the digit control and • High noise immunity 0.45 Vee typ 
storage necessary for successive approximation analog- • Low power TTL fan out of 2 to-digital conversion. Because of the unique capability 
of CMOS to switch to each supply rail without any offset compatibility driving 74L 

voltage, it can also be used in digital systems as the • Provision for register extension or truncation 
control and storage element in repetitive routines. • Operates in START/STOP or continuous conversion 

\ 

Features mode 

• Drive ladder switches directly. For 10 bits or less 
• Wide supply voltage range 3.0V to 15V with 50k/100k R/2R ladder network 

Connection Diagram 
Dual-In-Line Package 

VI jill NC 011 010 Q9 08 01 06 NC i CO 

2. 23 22 21 20 ,. 18 " 16 15 I. Il 

r- r-

1 2 3 • 5 6 1 8 • 10 II .. rz 
.. DO CC Ql) 01 Q2 03 0' 05 NC 0 GNO 

Order Number MM54C905D or MM74C905D 
See NS Package D24A 

Order Number MM74C905N 

Truth Table 
See NS Package N18A 

TIME INPUTS OUTPUTS 

In 0 S E DO 011 010 09 08 07 06 05 04 Q3 02 01 00 cc 

0 X L L X X X X. X X X X X X X X X X 
1 011 H L X L H H H H H H H H H H H H 

2 010 H L 011 011 L H .H H H H H H H H H H 
3 09 H L 010 011 010 L H H H H H H H H H H 
4 08 H L 09 011 010 09 L H H H H H H H H H 
5 07 H L 08 011 010 09 08 L H H H H H H H H 
6 06 H L 07 011 010 09 DB 07 L H H H H H H H 

7 05 H L 06 011 010 09 08 07 06 L H H H H H H 

8 04 H L 05 01, 010 09 08 07 06 05 L H H H H H 

9 03 H L 04 011 010 09 08 07 06 05 D. L H H H H 

10 02 H L 03 011 0'0 09 08 07 06 05 D' 03 L H H H 
11 01 H L 02 011 010 09 08 07 06 05 04 03 02 L H H 

12 DO H L 01 011 010 09 08 07 06 05 D. 03 02 01 L H 

13 X H L DO 011 010 09 08 07 06 05 D. 03 02 01 DO L 

14 X X L X 011 010 09 08 07 06 05 04 03 02 01 DO L 

X X H X H NC NC NC NC NC NC NC NC NC NC NC NC 

H '" HIgh level 

l '" low level 
X =- Don', care 

NC '" No chal'lgp 
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Absolute Maximum Ratings (Note 1) 

, Voltage at Any Pin -o.3V to Vee +0.3V 
Operating Temperature Range 

MM54C905 -55°C to +125°C 
MM74C905 -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Vee Range 3.0V to 15V 
Absolute Maximum Vee 16V 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics MinImax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

Logical "i" Input Voltage (V'NC") Vee = 5.0V 3.5 V 
Vee = 10V 8.0 V 

i..u~;('iI: "G" :~;::..:! \.'~!!~~'! !" i;";\~:' V"" = 5.0V 1.5 V 
Vec = 10V L.u .. 

Logical "1" Output Voltage (VOUTlII ) Vcc = 5.0V, 10 = -101lA 4.5 V 
Vcc = 10V, 10 = -101lA 9.0 V 

Logical "0" Output Voltage (VOUTCO,) Vee = 5.0V, 10 = 10llA 0.5 V 
Vee = 10V, 10 = 10llA 1.0 V 

Logical "1" Input Current (I'NCII) Vec = 15V, V'N = 15V 0.005 1.0 IlA 

Logical "0" Input Current (I'NCo)) Vec = 15V, V'N = OV -1.0 -0.005 IlA 
, 

Supply Current (Ieel Vee = 15V 0.05 300 IlA 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V'NCI') 
MM54C90S Vee = 4.SV Vee-l.S V 
MM74C90S Vee = 4.7SV Vec-1.5 V 

I,ogical "0" Input Voltage (V'NIO)) 
MMS4C905 Vee = 4.SV 0.8 V 
MM74C90S Vee = 4.75V 0.8 V 

Logical "1" Output Voltage (VOUT (1,) i, 

MM54C90S Vee = 4.5V, 10 =-360IlA 2.4 V 
MM74C90S Vee = 4.75V, 10 = -3601lA 2.4 V 

Logical "0" Output Voltage (VOUTIO') 
MM54C90S Vee = 4.SV, 10 = 360llA 0.4 V 
MM74C905 Vee =4.75V,lo = 360llA 0.4 V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lSOURCE) Vee = 5.0V, VOUT = OV -1.75 -3.3 mA 
(P·Channel) TA = 2SoC 

Output Source Current (lSOURCE) Vee = 10V, VOUT = OV -8.0 -1.5 mA 
(P·Channel) TA = 2SoC \ 

Output Sink Current (ISINd Vee = 5.0V, VOUT = Vee 1.7S 3.6 mA 
(N·Channel) TA = 25°C 

Output Sink Current (lSINKI Vec = 10V, VOUT = Vce 8.0 16 mA 
(N·Channel) , TA = 25°C 

011-00 Outputs Vee = 10V ±5% 

RSOURCE VOUT = Vee - 0.3V lS0 350 n 
TA'= 2SoC 

ASINK Vee = 10V ±S% 
VOUT = 0.3V 80 230 n 
TA = 25°C 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless Q.therwise specified. ' 

PARAMETER CONDITIONS MIN TYP MAX , UNITS 

Propagation Delay Time From Clock Vee = 5.0V 200 350 ns 
Input To Outputs (00-011) (tpd(Q)) Vee, = 10V 80 150 ns 

Propagation Delay Time From ciock Vec= 5.0V 180 325 ns 
Input To Do (tpd(OO)) Vee = 10V 70 125 ns 

Propagation Delay Time From Register Vee = 5.0V 190 350 ns 
Enable (E) To Output (all) (tpd(ff)) Vee = 10V 75 150 ns 

Propagation Delay Time From Clock Vee = 5.0V 190 350 ns 

To CC (tpd(eel) Vee = 10V 75 0.50 ns 

Data Input Set·Up Time (tos) 
, 

Vee = 5.0V 80 ns 

Vee = 10V 30 ns 

Start Input Set· Up Time (tss ) Vee = 5.0V 80 ns 

Vee = 10V 30 ns 

Minimum Clock Pulse Width (tPWL. tPWH) Vee = 5.0V 250 125 ns 
Vee = 10V 100 50 ns 

Maximum Clock Rise and Fall Time (t" tl) Vee = 5.0V 15 fJ.s 
Vee = 10V 5 fJ.s 

Maximum Clock Frequency (fMAx ) Vee =·5.0V 2 4 MHz 

Vee = 10V 5 10 MHz 

Clock Input Capacitance (CeLK ) Clock Input (Note 2) 10 pF 

Input Capacitance (C1N ) Any Other Input (Note 2) 5 pF 

Power Dissipation Capacitance (Cpo) (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN·90. 

Typical Performance Characteristics 

-. 
2 

.i 

RSINK vs Temperature 
6,00 

Icc l'lot J 500 r-

400 

--300 

~ ~ ~ L,."j ~ ~ 200 

~ Fi§ ~ ~ ~ ~ ~ f§J ~ 100 

o L-L-L-L-L-.l..-.l..-.l..-..L-J 

-55 -35 -15 5 .25 45 65 85 105 125 

T" - AMBIENT TH."ERATURE eel 

• These pomts aTe guaranteed bV autDmat1c testmg. 
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RSOU RCE vs Temperature 
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Timing Diagram 

O":=:-J.J. _____________________ _ 

01O~ 

09 :.:..::J 
08=:J U 
07 :::.:J 
Q6 :.=..:.J 
05=::J 
04 :::.J 
03 ::::::J 

u 

u 

m:::Jr------------,U 
01 =---..!""Ir--------------,L...-_______ _ 

OO=::Jr--------------,U 

CC:::.:J 
00 

Switching Time Waveforms 

Vee 

vee-----I------h~r_---, 
o 

O----~-~--J 
vee-----+---.. 
Oil 

vee-----t---,----t--. 
010 

vee'-----------t--,----t--. 
Do 

O-----------~ 
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USER NOTES FOR AID CONVERSiON 

The register can be used with either current switches 
that require a low voltage level to turn the switch ON or 
current switches that require a high voltage level to turn 
the switch ON. If current switches are used which turn 
ON with a low logic level, the resulting digit output from 
the register is active low. That is, a logic "1" is represented 
as a low voltage level. If current switches are used which 
turn ON with a high logic level, the resulting digit 
output is active high. A logic "1" is represented as a high 
voltage level. ' 

For a maximum error of ±1/2 LSB, the comparator must 
be biased. If current switches that require a high voltage 
level to turn ON are used, the comparator should be 
biased +1/2 LSB and if the current switche~ require a 
low logic hivel to turn ON, then the comparator must be 
biased -1/2 LSB. 

The register can be used to perform 2's complement 
conversion by off,setting the comparator one half full 

Typical Applications 

range +1/2 LSB and using the complement of the MSB 
011 as the sign bit. 

If the register is truncated and operated in the contino 
uous conversion mode, a lock·up condition may occur 
on power·ON. This situation can be overcome by making 
the START input the "OR" function of CC and the 
appropriate register output. 

The register, by suitable selection of register ladder 
network, can be used to perform either binary or 
BCD conversion. 

The register outputs can drive the 10 bits or less with 
50k/l00k R/2R ladder network directly for Vee = 10V 
or higher. In order to drive the libit 50k/l00k ladder 
network and have the ±1/2 LSB resolution, the 
MM54C902/MM74C902 or MM54C904/MM74C904 is 
used as buffers, three buffers for MSB (all), two buffers 
for 010, and one buffer for 09, 

12-Bit Successive Approximation A-to-D Converter. Operating in Continuous 
Mode, Drives the SOk/100k Ladder Network Directly 

12-Bit Successive Approximation A-to-D Converter 
Operating in Continuous 8-Bit Truncated Mode 

VilE' .,DV----,;::::::;:I. ______ '-__________ -!=::::;-i 
E Va: 0 S 

MM54C90SIMM14C9DS 

V1Uf : 10V~;:+--------_j~-;;.;;;~ CLOCK CP 011 610 Q9 D8 Q1 aB Q5 Q4 .3 Q2 01 00 Do 
SERIAL 
DATA 
OUT 

(Vee O!~32 
':" MMSIIC9D51MM74C905 Cl:~. 

CLOCI( CP Do ~ ~i~~L 
c..;OIr' ::; .. :.. .. ;::'...:.;:.. -iQT:...::;"",';::'-i'r-' .:;"':..';:'...:',..'-i'F--I' 'UT M·''''''illff '0 I IMMJ4C9a:t ~ '\ 

DRMMS4C9114 
IMM74C9114 

~'l PARALLEL ~ATA D~T 

L __ R_'" ... l ... AO ... '_'"_---I~/4MMSIICaQ!I R=50k 

ANALOG INPUT~WY---I ~OMPARATOR ' 

Definition of Terms 

CP: Register clock input. 

ANAlDGINPIJT 

CC: Conversion complete-this output remains at 
VOUT(I) during a conversion and goes to VOUT(O) when 
conversion is complete. 
D: Serial data input-connected to comparator output in 
A·to·D application~. 
E: Register enable-this input is used to expand the 
length of the register. When E is at VIN (I) 011 is forced 
to V6UT(IL and inhibits conversion. When not used for 
expansion E must be conn'ected to VIN(O) (GND). 
Ql1: True register MSB output. 

lOOk ,,,. 
so. so. 

laDk 
R2RlADOER 

~ ~;II~ •• -.-~'-"-'-----------------------------J 

all: Complement of register MSB output. 

Oi Ii = 0 to 11): Register outputs. 

s: Start input-holding start input at VIN(O) for at least 
one clock period will initiate a conversion by setting 
MSB (all) at VOUT(O) and all other output (010-00) 
at VOUT(1). If set·up time requirements are met, a con· 
version may be initiated by holding start input at VIN(O) 
for less than one clock period. 

DO: Serial data output-D input delayed by one clock 
period. 
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Capacitor Saturation Voltage: The offset voltage 
remaining on the timing capacitor after capacitor 
discharge current has dropped to zero. 

Collector Saturation Voltage: The collector to emitter 
voltage on the output transistor when it is in the "ON" 
state with specified sink current flowing into the 
collector terminal. 

Common·Mode Rejection Ratio: The ratio of the change 
in input offset voltage to the peak·to·peak input voltage 
range. 

.Comparator Input Current: The average current flowing 
from the RIC pin during the timing cycle. 

Ct : Timing capacitor connected between the RIC 
terminal and the ground terminal. 

Emitter Saturation Voltage: The voltage across the 
output transistor when the collector is tied to V+, the 
transistor is in the "ON" state, and the specified output 
current is flowing from the emitter terminal. 

Input Bias Current: The average of the two input 
currents. 

Input Offset Current: The difference in the current into 
the two input terminals when the supply (output) 
current is 4.0 mAo 

Input Offset Voltage: The voltage which must be 
applied between the input terminals through equal 
resistances to obtain 4.0 mA of supply (output) current. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current at either input 
with the other input connected to 1.0 Vdc. 

Input Voltage Range: The range of voltages on the 
input terminals for which the device operates within 
specifications. 

Linearity: The deviation in output voltage from a' 
straight line output over a specified temperature 
excursion. 

Long Term Stability: The change of a particular para· 
meter when operated at maximum temperature for 
1000 hours. 

Maximum Power Dissipation: The maximum total 
device dissipation for which the timer will operate 
within specifications. 

Open Loop Output Resistance: The ratio of a specified 
supply (output) voltage change to the resulting change 
in supply (output) current at .the specified current level. 

Open Loop Transconductance: The ratio of the supply 
(output) .current SPAN to the input voltage required to 
produce that SPAN. 
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Open Loop Supply Current: The supply current required 
with the signal amplifier A2 biased off (inverting input 
positive, non·inverting input negative) and no load on 
the VREF terminal. 

This represents a measure of the minimum low end 
signal current. 

Output 'Leakage Current: The maximum current flowing 
into the collector of the output transistor when the 
transistor is in the "OFF" state. 

Output Sink Current: The current available to flow into 
a load from a positive supply over a specified output 
voltage range. 

Output Source Current: The current available to flow 
into a load from the output to V-, over a specified 
output voltage range. 

Output Voltage: The voltage referred to the V+ 'terminal 
from the output terminal with the input and output 
connected. (This voltage is the temperature 6utput of 
the LM3911 and so includes errors in the sensor section 
and op amp section.) 

Power Supply Rejection Ratio: The ratio of the change 
in input offset voltage to the change in supply (output) 
voltage producing it. 

Reference Voltage Line Regulation: The ratio of the 
change in VREF to the peak·to·peak change in supply 
(output) voltage producing it. 

Reference Voltage Load Regulation: The change in 
VREF for a stipulated change in IREF. 

Reset Resistor: The equivalent resistor which may be 
used to calculate the discharge time of the timing 
capac.itor, tDISCHARGE = (5) (Ct) (RRESETJ. 

Reverse Breakdown Voltage: The voltage appearing 
between the V+ and V- terminals at a specified current. 

Rt: Timing resistor connected between VREF and the 
RIC terminal. 

Temperature Stability: The percentage in output 
voltage for a thermal variation from room temperature 
to either temperature extreme. 

Timing Ratio: The ratio of the firing voltage at the 
RIC pin to the reference voltage. 

Trigger Current: The current flowing into or out of the 
trigger term inal at the specified trigger voltage. 

Tr·igger Voltage: The voltage required at the trigger 
terminal to initiate a timing cycle, referenced to the 
ground pin. 
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LM122JLM222JLM322, LM2905/LM3905 Precision Timers 
General Description 
The LM 122 series are precision timers that offer 
great versatility with high accuracy. They operate 
with unregulated supplies from 4.SV to 40V while 
maintaining constant timing periods from micro
seconds to hours. Internal logic and regulator cir
cuits complement the basic timing function 
enabling the LM122 series to operate in many 
different applications with a minimum of external 
components. 

The output of the timer is a floating transistor 
with built in current limiting. It can drive either 
ground referred or supply referred loads up to 40V 
and SO mAo The floating nature of this output 
makes it ideal for interfacing, lamp or relay driv· 

Ip.ctor or emitter is required. A "logic reverse" cir· 
cuit can be programmed by the user to make the, 
output transistor either "on" or "off" during the' 
timing period. 

The trigger input to the LM122 series has a thresh· 
old of 1.6V independent of supply' voltage, but it 
is fully protected against inputs as high as ±40V -
even when using a SV supply. The circuitry reacts 
only to the rising edge of the trigger signal, and is 
immune to any trigger voltage during the timing 
periods, 

An internal 3.1SV regulator is included in the 
timer to reject supply voltage changes and to pro
vide the user with a convenient reference for appli
cations other than a basic timer. External loads up 
to SmA can be driven by the regulator. An inter
nal 2V divider between the reference and ground 
sets the timing period to 1 Re. The timing period 
can be voltage controlled by driving this divider 

Typical Applications 

r 
~: 
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Basic Timer-Collector Output and Timing Chart 
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with an external source through the V ADJ pin. 
Timing ratios of SO: 1 can be easily achieved. 

The comparator used in the LM 122 utilizes high 
gain PNP input transistors to achieve 300 pA typi
cal input bias current over a common mode range 
of OV to 3V. A boost terminal allows the user to 
increase comparator operating current for timing 
periods less than 1 ms. This lets the timer oper
ate over a 3/ls to multi-hour timing range with 
excellent repeatability, 

The LM 122 operates over a temperature range of 
-5SoC to +12Soe. An electrically identical LM222 
is specified from -2So C to +8So C, and the LM322 
is specified from oOe to +700 e. The LM290S/ 
i..ivi:;;uo 01 t: iUt::lliiL.Qi LV U-IC :....~v~ ~ 2~ :;l;i;~:; ;:;.:::;:;::~ 

that the boost and V ADJ pin options are not 
available, limiting minimum timing period to 1 ms. 

Features 
• Immune to changes in trigger voltage during 

timing interval 

• Timing periods from microseconds to hours 

• Internal logic reversal 

• Immune to power supply ripple during the 
timing interval 

• Operates from 4.SV to 40V supplies 

• Input protected to ±40V 

• Floating transistor output with internal current 
limiting 

• Internal regulated reference 

• Timing period can be voltage controlled 

• TTL compatible input and output 

CLDSEfDrj 
START 51 

TIMING 

ENDCVCLf 

RESET 

..... ---+-IV~f. COllECTOR 

", 
15M 

'DEARBORN 
ELECTRONICS 
lP9A1A416K 

One Hour Timer with Reset and Manual Cycle End 



Absolute Maximum Ratings 
Power Dissipation 500mW Operating Temperature Range 
V+ Voltage 40V LM122 -55·C ~ TA ~ +125·C 
Collector Output Voltage 40V LM222 -25·C ~ TA ~ +85·C 
VREF Current 5mA LM322 O·C~TA ~+70·C 
Tngger Voltage ±40V LM2905 -40·C ~ TA' ~ +85·C 
V AOJ Voltage (Forced) 5V LM3905 0·C~TA~+70·C 
Logic Reverse Voltage 5.5V 
Output Short Circuit Duration (Note 1) 
Lead Temperature (Soldering, 10 sec) 300·C 

Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS 
LM122/LM222 LM322 LM2905/LM3905 

UNITS 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Timing Ratio TA = 25·C, 4,5V < V+ < 40V 0,626 0.632 0,638 0.620 0.632 0.644 0.620 0.632 0.644 

~oost Tied to V+,(Note3) 0.620 0.632 0.644 0.620 0.632 0.644 

Comparator Input Current TA = 25·C, 4.5V ~ V+ ~40V 0.3 1.0 0.3 1.5 0.5 1.5 nA 

Boost Tied to V+ 30 100 30 100 .nA 

Tr~gger Voltage TA = 2S·C, 4.5V ~ V+ ~40V 1.2 1.6 2 1.2 1.6 2 1.2 1.6 2 Y 
Trigger Current TA = 25·C, VTRIG = 2V 25 25 25 iJA 

Supply Current TA~25°e, 4.5V ~ V+ ~40V 2.5 4 2.5 4.5 2.5 4.5 mA 

Timing Ratio 4.5V ~ V+ ~ 40V 0.62 0.644 0.61 0.654 0.61 0.654 

Boost Tied to V+ 0.62 0.644 0.61 0.654 

Comparator Input Current 4.5V ~ V+ ~ 40V -5 5 -2 2 -2.5 2.5 nA 

Boost Tied to V+, (Note 4) 100 150 nA 

Trigger Voltage 4.5V ~ V+ ::;40V 0.8 2.5 0.8 2,5 0.8 2.5 V 

Trigger Current VTRIG = 2.5V 200 200 200 p,A 

Output Leakage Current VeE = 40V 1 5 5 p,A 

Capacitor Saturation Voltage Rt~l Mn 2.5 2.5 2.5 mV 

Rt = 10 kn 25 25 25 mV 

Reset Resistance 150 150 150 n 
Reference Voltage TA = 25·e 3 3.15 3.3 3 3.15 3.3 3 3.15 3.3 V 

Reference Regulation O~ IOUT~3 mA 20 50 20 50 20 50 mV 

4.5V::; V+ ~ 40V 6 25 6 25 6 25 mV 

Collector Saturation Voltage IL = 8 mA 0.25 0.4 0.25 0.4 0.25 0.4 V 
- IL=50mA 0.7 1'.4 0.7 1.4 0.7 1.4 V 

Emitter Sa.turation Voltage TA=25·e,IL=3mA 1.8 2.2 1.8 2.2 1.8 2.2 V 

TA = 25·e, IL = 50 mA 2.1 3 2.1 3 2.1 3 V 

Average Temperature 0.003 0.003 0.003 %te 
Coefficient of Timing Ratio 

Minimum Trigger Width VTRIG = 3V 0.25 0.25 0.25 p,s 

Note 1: Continuous output shorts are nat allowed. Short circuit duration at ambient temperatures up to 40° C may be calculated from t = 1201 
VCE seconds, where VeE is the collector to emitter voltage across the output transistor during the short. 

Note 2: These specifications apply for TAMIN ~ TA ~ TAMAX unless otherwise noted. 
Note 3: Output pulse width can be calculated from the following equation: t = (Rt )(Ct)[1 - 2(0.632 - r) - VC/VREF) where r is timing ratio 
and Vc is capacitor saturatia," voltage. This reduces to t = (Rt)(et ) for all but the most critical applications. 

Note 4: Sign reversal may occur at high temperatures (> 100°C) where comparator input current is predominately leakage. See typical ,curves. 

, 
Typical Performance Characteristics 

\ 
Comparator Bias Current 

Comparator Bias Current Comparator Bias Current (LM122/LM222/LM322) 
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Typical Performance Characteristics (Continued) 
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Schematic Diagram 
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Connection Diagrams 

Dual-In-Line Package Dual-In-Line Package 

Metal Can Package 
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Order Number LM122H. TD'YIEW Order Number LM2905N or LM3905N 
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Functional Diagram BOOST 
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TIMER FUNCTION 
(CAPACITOR FROM RIC TO GND) 

Pin Function Description 
One of the main features of the LM 122 is its 
great versatility. Since this device is unique, a 
description of the functions and limitations of 
each pin is in order. This will make it much 
easier to follow the discussion of ,the various 
applications presented in this note. 

'V+ is the positive supply terminal of the LM122. 
When using a single supply, this terminal may be 
driven by any voltage between 4.5V and 40V. 
The effect of supply variations on tim ing period 
is less than 0.005%/V, so supplies with high ripple 
content may be used without causing pulse width 
changes. Supply bypassing on V+ is not generally 
needed but may be necessary when driving highly 
reactive loads. Ouiescent current drawn from the 
v+ terminal is typically 2.5 rnA, independent of 
the supply voltage. Of course, additional current 
will be drawn if the reference is externally loaded. 

The VREF pin is the output of a 3.15V series 
regulator referenced to the ground pin. Up to 
5.0 rnA can be drawn from this pin for driving 
external networks. In most applications the timing 
resistor is ~ied to, VREF, but it need not be in 
situations where a more linear charging current is 
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COMPARATOR FUNCTION 
(NO CAPACITOR FROM RIC TO GND. 

R ~ 1 kn IN SERIES WITH RIC PIN) 

required. The regulated voltage is very useful in 
applications where the LM 122 is not used as a timer; 
such as switching regulators, variable reference 
comparators, and temperature controllers. Typical 
temperature drift of the reference is less than 
O.OI%!"C. 

The trigger terminal is used to start a timing 
cycle (see functional diagram). Initially, 01 is 
saturated, Ct is discharged and the latching buffer 
output (VI) is latched high. A trigger pulse un· 
latches the buffer, VI goes low and turns 01 
off. The ~iming capacitor c; connected from RIC to 
GND will begin to charge. When the voltage at the 
RIC terminal reaches the 2.0V threshold of the 
comparator, the comparator toggles, latching the 
buffer output (VI) in the high state. This turns 
on 01, discharges the capacitor Ct and the cycle is 
ready to begin again. 

If the trigger is held high as the timing period ends, 
the comparator will toggle and VI will go high 
exactly as before. However, V 1 will not be latched 
and the capacitor will not discharge until the trig· 
ger again goes low. When the trigger goes low, VI 
remai~s high but is now latched. 



Pin Function Description (Continued) 

Trigger threshold is typically 1.6V at 2SoC and has 
a temperature dependence of -S.O mVfC. Cur· 
rent drawn from the trigger source is typically 
20p.A at threshold, rising to 600p.A at 30V, then 
leveling off due to FET action of the series resistor, 
RS. For negative input trigger voltages, the only 
current drawn is leakage in the nA region. The 
trigger can be driven from supplies as high as 
±40V, even when device supply voltage is only 
SV. 

The RIC pin is tied to the non· inverting side of 
the comparator and to the collector of 01. Timing 
ends when the voltage on this pin reaches 2.0V 
(1 RC time constant referenced to the 3.1SV 
regulator). 01 turns on only if the trigger voltage 
has dropped below -threshold. In comparator or 
regulator applications of the timer, the trigger 
is held permanently high and the RIC pin acts 
just like the input to an ordinary comparator. 
The maximum voltages which can be applied to 
this pin are +S.SV and -0.7V. Current from the 
RIC pin is typically 300 pA when the voltage is 
negative with respect to the V ADJ terminal. For 
higher voltages, the current drops to leakage levels. 
In the boosted mode, input current is typically 
30 nA. Gain of the comparator is very high, 
200,000 or more, depending on the state of the 
logic reverse pin and the connection of the out· 
put transistor. 

The ground pin of the LM122 need not necessarily 
be tied to system ground. It can be connected to 
any positive or negative voltage as long as the 
supply is negative with respect to the V+ terminal. 
Level shifting may be necessary for the input 
trigger if the trigger voltage is referred to system 
ground. This can be done by.capacitive coupling 
or by actual resistive or active level shifting. One 
point must be kept in mind; the emitter output 
must not be held above the ground terminal with 
a low source impedance. This could occur; for 
instance, it. the emitter were grounded when the 
ground pin of the LM122 was tied to a negative 
supply. 

The terminal labeled V ADJ is tied to one side of 
the comparator and to a voltage divider between 
VREF and ground. The divider voltage is set at 
63.2% of VREF with respect to ground-exactly 
one RC time constant. The impedance of the 
divider is increased to about 30k with a series 
resistor to present a minimum load on external 
signals tied to V ADJ. This resistor is a pinched 
type with a typ'ical variation in nominal value of 
-SO%, +100%. and a TC of 0.7%fc. For this 
reason, external signals (typically a pot between 
VREF and ground) connected to V ADJ should 
have a source resistance as low as possible. For 
small changes in V ADJ, up to several kn is all 
fight, but for large variations, 250n or less should 
be maintained. This can I;le accomplished with a 1 k . 
pot, since the maximum impedance from -the 
wiper is 250n. If a voltage is forced on V ADJ from 
a hard source, voltage should be limited to -O.S, 
and +S.OV, or current limited to ±1.0 mAo This 
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'includes capacitively coupled signals because even 
small values of capacitors contain enough energy 
to degrade the input stage if the capacitor is driven 
with a large, fast slewing signal. The V ADJ pin may 
be used to abort the timing cycle. Grounding this 
pin during the timing period causes the timer to 
react just as if the capacitor voltage had reached its 
normal RC trigger point; the capacitor discharges 
and the output charges state. An exception to this 
occurs if the trigger pin is held high when the 
VADJ I pin is grounded. In this case, the output 
changes state, but the capacitor does not discharge. 

If the trigger drops while V ADJ is being held low, 
discharge will occur immediately and the cycle 
will be over. If the trigger is still high when V ADJ 
is released, the output mayor may not change 
state, depending the voltage across the timing 
capacitor. For voltages below 2.0V across the 
timing capacitor, the output will change state 
immediately, then once more as the voltage rises 
past 2.0V. For voltages above 2.0V; no change 
will occur in the output. This pin is not available 
on the LM290S/LM390S. 

In noisy environments or in comparator·type 
applications, a bypass capacitor on the V ADJ 
terminal may be needed to eliminate spurious 
outputs because it is high impedance point. The 
size of the cap will depend on the frequency l!nd 
energy content of the noise. A O.l/lF will generally 
suffice for spike suppression, but several p.F may 
be used if the timer is subjected to high level 60 Hz 
EMI. . 

The emitter and the collector Qutputs of the 
. timer can be treated just as if they were an 

ordinary transistor with 40V minimum collector· -
emi.ttcr breakdown voltage. Normally, the emitter 
is tied to the ground pin and the signal is taken 
from the collector, or the collector is tied to v+ 
and the signal is taken from the emi.tter. Variations 
on these basic connections are possible. The 
collector can be tied to any positive voltage up to 
40V when the signal is taken from the emitter. 
However, the emitter will not be pulled higher 
than the supply voltage on the V+ pin. Connecting 
the collector to a voltage less than the V+ voltage 
is allowed The emitter should not be connected 
to a low impedance load other than that to which 
the ground pin is tied. The transistor has built· in 
current limiting with a typical knee current of 
120 mAo Temporary short circuits are allowed; 
even with collector-emitter voltages up to 40V. 
The power x tirT)e product, however, must not 
exceed 15 watt·seconds for power levels above the 
maximum rating of the package. A short to 30V, 
for instance, can not be held for more than 4 
seconds. These levels are based on 40°C maximum 
initial chip temperature. When driving inductive 
loads, always use a clamp diode to protect the 
transistor from inductive kick·back. 

A boost pin is provided on the LM 122 to 
increase the speed of the internal comparator. 
The comparator is normally operated at low 
current levels for lowest possible input current. 



Pin Function Description (Continued) 

For timing periods less than 1 ms, where low input 
current is not needed, comparator operating 
current can be increased several orders of magni
tude. Shorting the boost term inal to V+ increases 
the emitter current of the vertical PNP drivers 
in the differential stage from 25 nA to 5J.1A. This 
pin is not available on the LM29~5/LM3905. 

With the timer in the unboosted state, timing 
periods are accurate down to about 1 ms. I n the 
boosted mode, loss of accuracy due to comparator 
speed is only about 800 ns, so timing periods of 
several microseconds can be used.' The 800 ns 
error is relatively insensitive to temperature, so 
temperature coefficient of pulse width is still good. 

The Logic pin is used to reverse the signal appearing 
at the output transistor. An open or "high" 
condition on the logic pin programs the output 
transistor to be "off" during the timing period 
:!!"'!d "~n" ~!I nthp.r times. Grounding the loqic 
pin reverses the sequence to make the transistor 
"on" during the timing period. Threshold for the 
logic pin is typically 100 mV with 150J.lA flowing 
out of the terminal. If an active drive to the' 
logic pin is desired, a saturated transistor drive is 
recommended, either with a discrete transistor or 
the open collector output of integrated logic. 
A maximum VSAT of 25 mV at 200J.lA is required. 
Minimum and maximum voltages that may appear 
on the logic pin are 0 and +5.0, respectively. 

Typical Applications (Continued) 

Basic Timers 

Figure 1 is a basic timer using the collector output. 
Rt and Ct set the time interval with RL. as the load. 
During the timing interval the output may be 

TRIGGER 
INPUT 

You, 

~---l 
---l INPUT L--l-

FIGURE 1_ Basic Timer-Collector Output and Timing 
Chart 

either high or low depending on the connection of 
the logic pin. Timing waveforms are shown in the 
sketch along side Figure 1. Note that the trigger 
pulse may be either shorter or longer than the 
output pulse width. 
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Figure 2 is again a basic timer, but with the output 
taken from the emitter of the output transistor. 
As with the collector output, either a high or 
low conditi!?n may be obtained during the timing 
period. 

TRIGGER 
INPUT 

~---l 
---lINPUT L--l-

FIGURE 2. Basic Timer-Emitter Output and Timing 
Chart 

Figure 3 is an application where the LM122 is 
used, to simulate a thermal delay relay which 

RELAY 
COil 

FIGURE 3. Time Out on Power Up IRelay Energized 
RtCt Seconds Aftar Vee is Applied) 

prevents power from being applied to other 
circuitry until the supply has been on for some 
time. The relay remains de-energized for Rt Ct 

seconds after Vec is applied, then closes and 
stays energized until Vee is turned off. Figure 4 
is a similar circuit except that the relay is energized 

tVee 

RElAY 
COIL 

FIGURE 4. Time Out on Power Up (Relay Energized 
Until RtCt s8c0nds After Vec is Applied) 

as soon as Vec is applied. Rt Ct seconds later, the 
relay is de-energized and stays off until the Vee 
supply is recycled. . 



Typical Applications (Continued) 

+5V Supply Driving 28V Relay 

Figure 5 shows the timer interfacing 5V logic to 
a high voltage relay. Although the V+ terminal 
could be tied to the +2BV supply, this may be 

TRIGGER 
INPUT 

ftu II 

+ZIV 

FIGURE 5. 5V LogiC Supply Driving 28V Relay 

an unnecessary waste of power'in the IC or require 
extra wiring if the LM122 is on a logic card. 
In elther case, the threshold for the trigger is 1.6V. 

30V Supply Interfacing with 5V LogiC 

Figure 6 indicates the ability of the· timer to 
interface to digital logic when operating off a 
high supply voltage. VOUT swings between +5V 
and ground with 'a minimum fanout of 5 for 
medium speed TTL. If the logic is sensitive to 
rise/fall time of the trailing edge of the output 
pulse, the trigger pin should be low at that time. 

·,w 

VIIEf COLLECTOR You, 

ft, 

c, 

FIGURE 6. lOV Supply Interfacing w.ith 5V Logic 

Astable Operation 

The LM 122 can be made into a self-starting 
oscillator by feeding the output back to the 
trigger input through a capacitor as shown in Fig
·ure 7. Operating frequency is l/(R t + R, )(Ct ). 

The output is a narrow negative pulse whose width 
is approximately 2R2 Ct. For optimum frequency 
stability, Cf should be as small as possible. The 
minimum value is determined by the time required 
to discharge Ct through the internal discharge 
transistor. A conservative value for Cf can be 
chosen from the graph included with Figure 20, 
For frequencies below 1 kHz, the frequency error 
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introduced by Ct is a few tenths of one percent or 
less for Rt ~ 500k. . 

D1 
lN451 

ftl 
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·SEE CHART 
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00010.01 01 1.0 to 100 

&,!"FI 

FIGURE 7. Oscillator 
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One Hour Timer with Reset and Manual Cycle End 

Figure 8 shows the LM122 connected as a one 
hour timer with manual controls for start, reset, 
and cycle end. 51 starts timing, but has no effect 
after timing has started. 52 is a center off switch 
which can either end the cycle prematurely with 
the appropriate change in output state and dis
charging of Ct , or cause Ct to be reset to OV. 
without a change in output. In the latter case, a 
new timing period starts as soon as 52 is released. 

ClOSE10~ . 
START 51 

TIMING 
ft, 

..,.----+-iVRH COLLECTOR VOUT 

ENDC\'CLE 
ft, ". sz--c_""' ...... ---l 

RESET 

-DEARBORN 
ELECTRONICS 
LPIAIA418K 
POLYCARBDNATE 

FIGURE 8. One Hour Timer with Reset and Manual 
Cycle End 

The average charging current through Rt is about 
30 nA, so some attention must be paid to parts 
layout to prevent stray leakage paths. The sug
gested timing capacitor has a typical self time 
constant of 300 hours and a guaranteed minimum 
of 25 hours at +250 C. Other capacitor types may 
be used if sufficient data is available on their 
leakage characteristics. 



Typical Applications (Continued) 

Two Terminal Time Delay Switch 

The LM122 can be used as a two terminal time 
delay switch if an "on" voltage drop of 2V to 3V 
can be tolerated. In Figure 9, the timer is used 
to drive a relay "on" Rt • Ct seconds after applica' 
tion of power. "off" current of the switch is 
4 mA maximum, and "on" current can be as high 
as 50 mAo .. 

LOGIC v+ 

.-----+----1 VREf COLLECTOR 

R, 

FIGURE 9. 2·Terminal Time Delay Switch 

Zero Power Dissipation Between Timing Intervals 

In some applications it is desirable to reduce 
supply current drain to zero between timing cycles. 
In Figure 10 This is accomplished by using an 
external PNP as a latch to drive the V+ pin of 
the timer. 

Cl DI 
001 IN451 

TRIGGER--1 ........ t-_ .... _ ... +----. 
INPUT I 

Your 

RI 
4.1k 

-Vee 

FIGURE 10. Zero Power Dissipation Between Timing 
Intervals 

Between timing periods 01 is off and no supply 
current is drawn. When a trigger. pulse of 5V 
minimum amplitude is received, the LM 122 output 
transistor and 01 latch for the duration of the 
timing period. 01 prevents the step on the V+ pin 
from coupling back into the trigger pin. If the 
trigger input is a short pulse, C1 and R2 may be 
eliminated. RL must have a minimum value of 
(Vcc )/(2.5 mAl. 

Frequency to Voltage Converter 

An accurate frequency to voltage converter can 
be made with the LM 122 by averaging output 
pulses with a simple one pole filter as shown in 
Figure ". Pulse width is adjusted with R2 to 
provide initial calibration at 10 kHz. The collector 
of the output transistor is tied to VREF , giving 
constant amplitude pulses equal to V REF at the 
emitter output. R4 and C1 filter the pulses to 
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give a de output equal to, (R,)(C,) (VREF)(f). 
Linearity is about 0.2% for a OV to 1 V output. 
If better linearity is desired R5 can be tied to the 
summing node of an op amp which has the 
filter in the feedback path. If a low output 
impedance is desired, a unity gain buffer such as 
the LM 11 0 can be tied to the output. An analog 
meter can be driven directly by placing it in series 
with R5 to ground. A series RC network across the 
meter to provide damping will improve response at 
very low frequencies. 

R, 
10k 

,..---------, 

VRH COLLfCTDA 

·Vee 

"' lOOk 

AS 
10k 

.:.L" 50' 
lOV 

FIGURE 11. Frequency to Voltage Converter.ITacho· 
meterl Output Independent of Supply 
Voltage 

Pulse Width Detector 
By driving the logic terminal of the LM 122 simul· 
taneous to the trigger input, a simple, accurate 
pulse width detector can be made (Figure 12J. 

TTL 

ttYi~....,--t-------... .------.-or 
INPUT r:T=R"~GE:::R---:B=DO:::ST' 

RZ 
16k 

r--1r---\lOGIC v+ 

Rl 
56k 

VRH COLLECTOR VQU' 

·VOUT ~DFORW R, C, 
PULSEOUY-W-R,C,FDRW R,C, 

FIGURE 12. Pulse Width Datactor 

In this application the logic terminal is normally 
held high by R3. When a trigger pulse is received, 
01 is turned on, driving the logic terminal to 
ground. The result of Viggering the timer and 
reversing the logic at the same time is. that the 
output does not change from its initial low condi· 
tion. The only time the output will change states 
is when the trigger input stays high longer than 
one time period set by Rt and Ct. The output 
pulse width is equal to the input trigger width 
minus Rt • Ct. C2 insures no output pulse for 
short « RC) trigger pulses by prematurely resetting 
the timing capacitor when the trigger pulse drops. 
CL filters the narrow spikes which would occur at 
the output due to propagation delays during 
switching. 



Typical Applications (Continued) 

5V Switching Regulator 

Figure 13 is an application where the LM122 
does not use its timing function. A switching 
regulator is made using the internal reference and 
comparator to drive a PNP transistor switch. 
Features of this circuit include a 5.5V minimum 
input voltage at 1 A output current, low part 
count, and good efficiency (> 75%) for input 
voltages to 10V. Line and load regulation are less 
than 0.5% and output ripple at the switching 
frequency is only 30 mY. Q1 is an inexpensive 
plastic device wh ich does not need a heatsink for 
ambient temperature up to 50·C. 01 should be a 
fast switching diode. Output voltage can be adjusted 
between 1 V and 30V by. choosing proper values 
for R2, R3, R4, and R5. For outputs less than 
2V, a divider with 250n Thevinin resistance 
must be connected between V REF and ground with 
its tap point tied to V ADJ. 

·NO. UWlRE WOUND ON MOLYBDENUM PERMALLOY CORE 

" 2N18811 
FAST 
RECOVERY 

FIGURE 13. 5V Switching Regulator with 1 Amp Output 
end 5.5V Minimum Input: 

Application Hints 
Aborting a Timing Cycle 

The LM 122 does not have an input specifically 
allocated to a stop·timing function. If such a 
function is desired, it may be accomplished 
several ways: 

• Ground V ADJ 

• Raise R/C more positive than V ADJ 

• Wire "OR" the output 

Grounding V ADJ will end the timing cycle just 
as if the timing capacitor had reached its normal 
discharge point. A new timing cycle can be started 
by the trigger terminal as soon as the ground is 
released. A switching transistor is best for driving 
V ADJ to as near ground as possible. Worst case 
sink current is about 300t/A. 

A timing cycle may also be ended by a positive 
pulse to a resistor (R ::; Rt /l00) in series with 
the timing capacitor. The pulse amplitude must be 
at least equal to V ADJ (2.0V), but should not 
exceed 5.0V. When the timing capacitor discharges, 
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a negative spike of up to 2.0V will occur across the 
resistor, so some caution must be used if the drive 
pulse is used for other circuitry. 

R, 

I-.... -_-o'vo~ 

.rr--
AI R, 
• 'DO 

FIGURE 14. Cycle Interrupt 

>DISCRfT 
TRANSISTOR 
IIRLOGIC 
GATE 

The output of the timer can be wire ORed with 
a discrete transistor or an open collector logic 
gate output. This allows overriding of the timer 
output, but does not cause the timer to be reset 
until its normal cycle time has elapsed. 

Using the LM122 as a Comparator 

A built·in reference and zero volt common mode 
limit make the LM122 very useful as a comparator. 
Threshold may be adjusted from zero to' three 
volts by driving the V ADJ terminal with a divider 
tied to VREF • Stability of the reference voltage 
is' typically ±1% over a temperature range of 
-55·C to +125·C. Offset voltage drift in the 
comparator is typically 25t/V/·C in the boosted 
mode and 50t/VtC unboosted. A resistor can be 
inserted in series with the input to allow overdrives 
up to ±50V as shown in Figure 15. There is actually 
no limit on input voltage as long as current is 
limited to ±l mAo The resistor shown contributes 

NON INVERTING 

INVERTING 

R1 

"" OV-3UV' INPUT_"""''''''"t-1-j~r-~~J 

'TIMER PROTECTED 
AGAINST DAMAGE 

FORUPTO SOV 

+Vcc 

R, 

VOUT 

FIGURE 15. Comparator with OV to 3V Threshold 

a worst case of 5 mV to initial 9ftset. In the 
unboosted mode, the error drops to 0.25 mV 
maximum. The capability of operating off a single 
5V supply with internal reference should make 
this comparator very useful. 



Application Hints (Continued) 

Eliminating Timing Cycle Upon Initial 
Application of Power 

The LM122 will normally start a timing cycle 
(with no trigger input) when V+ is first turned on. 

. If this characteristic is undesirable, it can be 
defeated by tying the timing capacitor to VREF 

instead of ground as shown in Figure 16. This 
connection does not affect operation of the timer 
in any other way. If an electrolytic timing capaci· 
tor is used, be sure the negative end is tied to the 
RIC pin and the positive end to VREF • A 1.0 kn 
resistor should be included in series with the 
timin!l capacitor to limit the surge current load 
on V REF when the capacitor is discharged. 

TRIGGER 
INPUT 

.--..... --1 "liEF COLLECTOR 

R1 
1.(1. 

EMITTER VO UT 

FIGURE 16. Eliminating Initial Timing Cycle 

Using Dual Supplies 

The LM 122 can be operated off dual supplies as 
shown in Figure 17. The only limitation is that the 
emitter terminal cannot be tied to ground, it must 
either drive a load referred to V- or be actually tied 
to V""" as shown. Although capacitive coupling is 
shown for the trigger input (to allow 5V triggering), 
a resistor can be substituted for Cl. R2 must be 
chosen to give proper level shifting between the 
trigger signal and the trigger pin of the timer. 
Worst case "10" on the trigger pin (with respect 
to V""") is 0.8V, and worst case "high" is 2.5V. 
R2 may be calculated from the divider equation 
with R 1 to give these levels. 

ALTERNATE ~ 
.TRIGGER- 1 +15\1 

TRIGGER-/ ,_ .. 1_----. 
INPut r-

et ....... .J-_-L...., 
O.OI"F TRIGGER BOOST "'---l LOGIC y+ 

R, 

VREF COLLECTOR 

R. 

L-... _____ ... _ .......... -15\1 

-SELECT FOR PROPER lEVEL SHIFT 
EMInER TERMINAL DR EMITTER LOAD MUSTBE TIED TOGNOPIN Of TIMER. 

FIGURE 17. Operating Off Dual Supplies 
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Linearizing the Charging Sweep 

In some applications (such as a linear pulse width 
modulator) it may be desirable to have the timing 
capacitor charge from a constant current source . 
A simple way to accomplish this is shown in 
Figure 18. 

"' 

FIGURE 18. Temperature Compensated Linear 
Charging Sweep 

Ql converts the current through R 1 to a current 
source independent of the voltage across Ct. R2, 
R3, 01, and 02 are added to make the current 
through R 1 independent of supply variations 
and temperature changes. (02 is a low TC type) 
02 and R3 can be omitted if the V+ supply is stable 
and 01 and R2 can be omitted also if temperature 
stability if not critical. With Dl, 02, R2 and R3 
omitted, the current through Rl will change about 
0.015%fC with a 15V supply and 0.1 %/oC with a 
5.0V supply. 

Triggering with Negative Edge 

Although the LM 122 is triggered by a positive 
going trigger signal, a differentiator tied to a 
normally "high" trigger will result in negative 
edge triggering. In Figure 19, R 1 serves the dual 
purpose of holding the trigger pin normally high 
and differentiating the input trigger pulse coupled 
through Cl. The timing diagram included with 
Figure 21 shows that triggering actually occurs a 
short time after the negative going trigger, while 
positive going triggers have no effect. The delay 
time between a negative trigger signal and actual 

CI 
0001 

TRIGGER--.J 
INPUT, 

~ , , , 
I V Rff COLLECTOR 
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c, 

FIGURE 19. Timer Triggered by Negative Edge of 
Input Pul .. 



Application Hints (Continued) 

starts of timing is approximately (0.5 to 1.5) 
(Rl • C1) depending on the trigger amplitude, 
or about 2.5 to 7.5#s with the values shown. 
This time will have to be increased for C; larger 
than O.Ol#F because C; is charged to V REF 

whenever the trigger pin is kept high and must 
reset itself during the short time that the trigger 
pin voltage is low. A conservative value for Cl is: 

C, 
Cl ~ 

10 
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u OUTPUTl 

Chain of Timers 

The LM 122 can be connected as a chain of 
timers quite easily with no interface required. In 
Figure 20A and 208, two possible connections are 
shown. In both cases, the output of the timer is low 
during the timing period so that the positive 
going signal at the end of timing period can trigger 
the next timer. There is no limitation on the 
timing period of one timer with respect to any 
other timer before or after it, because the trigger 
input to any timer can be high or low when that 
timer ends its timing period. 
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FIGURE 20. Chain of Timers 
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~National 
~ Semiconductor 

Industrial Blocks 

LM134/LM234/LM334 
3~Terminal Adjustable Current Sources 
General Description 
The LM134/LM234/LM334 are 3-terminal adjustable 
current sources featuring 10,000: 1 range in operating 
current, excellent current regulation and a wide dynamic 
voltage range of IV to 40V. Current is established with 
one external resistor and no other parts are required. 
Initial current accuracy is ±3%. The LM134/LM234/ 
LM334 are true floating current sources with no separate 
power supply connections. In addition, reverse applied 
voltages of up to 20V will draw only a few microamperes 
of current, allowing the devices to act as both a rectifier 
and current source in AC applications. 

The sense voltage used to establish operating current in 
the LM134 is 64 mV at :l~{~ ano is ciirectiy P'UI'UI
tional to absolute temperature (0 K). The simplest one 
external resistor connection, then, generates a current 
with "'+0_33%fC temperature dep'endence. Zero drift 
operation can be obtained by adding one extra resistor 
and a dFode. . 

Applications for the new current sources include bias 
networks, surge protection, low power reference, ramp 
generation LED driver, and temperature sensing The 

Typical Applications 
Basic 2~Terminal Current Source 

'VIN 

RSfT 

Terminating Remote Sensor for Voltage Output 

+VIN 

ASfT 

r VOUT = USfTi(RLI 
" 10mVfKFOR 

RSfT= 231iSl 
RL RL"10k" 

LM134-3/LM234-3 and LM134-6/LM234-6 are specified 
as true temperature sensors with guaranteed initial 
accuracy of ±3°C and ±6°C, respectively. These devices 
are ideal in remote sense applications because series 
resistance in long wire runs does not affect accuracy. 
In addition, only 2 wires are required. 

The LM 134 is guaranteed over a temperature range of 
-55°C to +125°C, the LM234 from -25°C to +100°C 
and the LM334 from 0° C to +70° C. These devices are 
available in TO-46 hermetic and TO-92 plastic packages. 

Features 
• Operates from 1 V to 40V 
• 0.02%/V current regulation 
• Programmable from 1 /lA to 10 mA 
• True 2-terminal operation 
• Available as fully specified temperature sensor 

• ±3% initial accuracy 

Zero Temperature Coefficient Current Source 

RSfT Rl' 
,.,,10 RSET 

-VIN 

*Select ratio of Rl to RSET to obtain zero drift. 1+ '" 2 ISET 

Ground Referred Fahrenheit Thermometer 

R4 
56k 

r-~""-t-------- ,VIN "lV 

Al 
8.25k 
1% +VREF 

>o(+-t;.;... ......... ""'''v-..... -OV\f'v-- +VIN 
~2 Rl' 

100 LMll6Z 
1% 2.5V' 

JOSelect R3 - VREF/583IlA. VREF may 'be any stable positive voltage <: 2V 
Trim R3 to calibrate 
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Absolute Maximum Ratings 

V+ to V-'Forward Voltage 
LM134/LM234 
LM334/LM 134·3/LM 134·6/LM234·3/LM234·6 

V+ to V-Reverse Voltage 
R Pin to V- Voltage 
Set Current 
Power Dissipation 
Operating Temperature Range 

LM 134/LM 134·3/LM 134·6 
LM234/LM234·3/LM234·6 
LM334 

LeadTemperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 1) 

40V 
30V 
20V 

SV 
10mA 

200mW 

-SSOC to +12S°(: 
-2SoC to +100°C 

O°C to +70°C 
300°C 

" 

PARAMETER CONDITIONS 
LM134/LM234 

MIN TYP MAX 

Set Cu'rrent Error, V+ = 2. SV, 10/lA-:;ISETSl mA 3 

(Note 2) 1 mA < ISET -:; S mA S 

2 p.A -:; ISET < 10p.A 8 

Ratio of Set Current to 10/lA-:; ISET-:; 1 mA 14 18 2,3 

V- Current 1 mA-:; ISET-:; S mA 14 

2/lA S ISETS 10p.A 18 23 

Minimum Operating Voltage 2/lAS ISETS 100/lA 0.8 

100llA < ISET -:; 1 mA 0.9 

1 mA < ISET -:; S mA 1.0 

Average Change in Set Current 1.SSV+SSV 0.02 O.OS 

with Input Voltage' 2 /lA S ISET'S 1 mA 

5V-:;V+S40V 0.01 0.03 

1.SV:::;V S SV 0.03 

1 mA< ISETSSmA 

SVSVS40V 0.02 

Temperature Dependence of 2Sp.A -:; ISET S 1 mA 0.96T T 1.04T 

Set Current (Note 3) \ 

Effective Shunt Capacitance lS 

LM334 
UNITS 

MIN TVP MAX 

6 % 

8 % 
12 % 

14 1~ 26 

14 

14 18 26 

0.8 V 

0.9 V 

1.0 V 

0.02 0.1 %!V 

0.01 O.OS %!V 
0.03 %!V 

0.02 %!V 

0.96T T 1.04T 

lS pF 

Note 1: Unless otherwise specified, tests are performed at Tj = 2SoC with pulse testing so that junction tempeAlture does not change during test. 
Note 2: Set current is the current flowing into the Vt pin. It is determined by the following formula: ISET = 67.7 mV/RSET (@ 2S'CI. Set 
current error is expressed as a percent deviation from this amount. ISET incraa .. s at O.336%I"C@Tj = 2SoC. . 
Note 3: ISET is directly proportional to absolute, temperature (0 K). ISET at any temperature can be calculated from: ISET = 10 (TIT 0) where 10 
is ISET measured at To (OKI. 
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Electrical Characteristics (Continued) (Note 1) 

PARAMETER CONDITIONS 
LM134·3. LM234-3 

Set Current Error. V+ = 2.5V. 

(Note 2) 

Equivalent Temperature Error 

Ratio of Set Current to V

Current 

Minimum Operating Voltage 

Average Change in Set Current 

with I nput Voltage 

Temperature Dependence of 

Set Current (Note 3) and 

Equivalent Slope Error 

Effective Shunt Capacitance I 

100 JlA 5'; ISET 5'; 1 mA 

Tj = 25°C 

100JlA ISET5'; 1 mA 

1.55'; V+ 5'; 5V 

100 !LA 5'; ISET5'; 1 mA 

5V5'; V+ 5'; 30V 

100 !LA 5'; ISET 5'; 1 mA 

MIN TVP MAX 

±1 

±3 

14 18 26 

0.9 

0.02 0.05 

0.01 0.03 

0.98T T 1.02T 

±2 

• 
~~ 

• 

Typical Performance Characteristics 

Output Impedance 

.0
9 ~~~~~~~~C! !=-~ '=10,", 

106 L-L....J...L.L.L-L....J1...L.L.L-L....JUi3! 
10 100 lk 10k 

FREQUENCY 1Hz) 

Transient Response 

1 1- I-z ... 1 1 1 1 
o 1\ IAI. 'SET=lmA 

,-IH V-t-+-.Il_V+TOV-=5V 
-1 I; IN=OAV 

~ 5 1--1"++++*1'''''.1= SOOn, 

j 0 ~~, I 10D"A 
, -5 ~10" SfTj I .... 

10 t, /\ 1 1 1 
o I" 'S£1=10,", 

-10 H5=-0 "'-+4_-+-+_-+-+--iI""'T-JJT""'I 

TIME (Nota scala changes for Bach currentl 

Maximum Slew Rate for 
Linear Operation 

0.001 L...I....LJ."'--''-'-w..-'-'...LJ.L-'-~ 

1 '"' 10,", 100,", lmA 10mA 

'SET 

Voltage Across RSET 

46~~~~--.L--'--'-~ 

-50 -26 0 .Z5 50 15 100 125 

TEMPERATURE rC) 
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LM134·6. LM234-6 
UNITS 

MIN TVP MAX 

±2 % 

±6 °c 

14 18 26 

0.9 
/ 

V 

0.02 0.1 %IV 

0.01 0.05 %IV 

0.97T T 1.03T 

±3 % 

15 . pF 

Start·Up 

10,", HH.+-H--±.,.,-II-+I-I--I I\, 1- I-ZOO ... 
O~~~~-~I~-I-~ 

100.A HI\4t-+-++....,I~-f-+--I 
~ 0 ~'~\~I--+~-~!i~O~ ... -4-+~ 

lmA f-JI-,II-+-++-HI-f-+--I fJ 1- -5 ... 
O~-r~~r~I~-+~ 

5V hH-+-+-:.:!::Np::':UTHH-t-; 
OV L....JL...1-..L-'-..::.::.;:.;..~-'-..J..-I 

TIME (Note SCile changes at eich ctlrJtnt IlVell 

Current Noise 

1 t:±±±lt:tttlt::t±tlt±:M±l 
10 100 lk 10k lOOk 

FREQUENCY 1Hz) 



Typical Performance Characteristics (Cootinued) 

Turn·On Voltage 
10mA 

Tj-Z5'C 

/'" RS~'lcn 
ImA 

~ 
RSET= 88n-, 

RSET" 68on-
1001lA I 

I--j~-+RSET' 8.an t--

101lA ~~~~~~~~~~ -, 
IlIA t1::t:=l::::::jt=:t::j 

OA O.B 0.8 1.0 1.2 IA 

v+TO V-VOLTAGE 

Application Hints 
The LM 134 has been designed for ease of application, 
but a general discussion of design features is presented 
here to familiarize the designer with device characteris· 
tics which may not be immediately obvious. These 
include the effects of slewing, power dissipation, capa· 
citance, noise, and contact resistance. 

SLEW RATE 

At slew rates above a given threshold (see curve), the 
LM134 may exhibit non·linear current shifts. The slew· 
ing rate at which this occurs is directly proportional to 
ISET. At ISET = 10 j.lA, maximum dV/dt is O.01V/j.ls; 
at ISET = 1 rnA, the limit is lV/j.ls. Slew rates above 
the limit do not harm the LM134, or cause large currents 
to flow. 

THERMAL EFFECTS 

Internal heating can have a significant effect on current 
regulation for ISET greater than 100 j.lA. For example, 
each lV increase across the LM134 at ISET = 1 rnA will 
increase junction temperature by "" 0.4°C in still air. 
Output current (lSET) has a temperature coefficient of 
"" 0.33%tC, so the change in current due to temperature 
rise will be (0.4)(0.33) = 0.132%. This is a 10:1 degrada· 
tion in regulation compared to true electrical effects. 
Thermal effects, therefore, must be taken into account 
when DC regulation is critical and ISET exceeds 100 j.lA. 
Heat sinking of the TO·46 package or the TO·92 leads 
can reduce this effect by more than 3:1. 

SHUNT CAPACITANCE 

In certain applications, the 15 pF shunt capacitance of 
the LM134 may have to be reduced, either because of 
loading problems or because it limits the AC output 
impedance of the current source. This can be easily 
accomplished by buffering the LM134 with an FET as 
shown in the al!plications. This can reduce capacitance 
to less than 3 pF and improve regulation by at least an 
order of magnitude. DC characteristics (with the excep· 
.tion of minimum input voltage). are not affected. 

NOISE 

Current noise generated by the LM134 is approximately 
4 times the shot noise of a transistor. If the LM134 is 
used as an active load for a transistor amplifier, input 

Ratio of ISET to V- Currant 

ZO 

18 
1/ .. / ~ 18 

a: 
!'\ 

1\ 
14 \ 

IZ 

101lA 1001lA ImA 10mA 

ISET 

. referred noise will be increased by about 12 dB. In many 
cases, this is acceptable and a single stage amplifier can 
be built with a voltage gain exceeding 2000. 
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LEAD RESISTANCE 

The sense voltage which determines operating current of 
the LM134 is less than 100 mV. At this level, thermo
couple or lead resistance effects should be minimized 
by locating the current setting resistor physically close 
to the device. Sockets should be avoi'ded if possible. 
It takes only 0.70 contact resistance to reduce output 
current by 1% at the 1 rnA level. 

SENSING TEMPERATURE 
, 

The LM 134 makes an ideal remote temperature sensor 
because its current mode operation does not .Iose 
accuracy over long wire runs. Output current is directly 
proportional to absolute temperature in degrees Kelvin, 
according to the following formula: 

ISET = 
(227 j.lVtK)(T) 

RSET 

Calibration of the LM134 is greatly simplified because of 
the fact that most of the initial inaccuracy is due to a 
gain term (slope' error) and not an offset. This means 
that a calibration consisti'ng of a gain adjustment only 
will trim both slope and zero at the same time. In addi· 
tion, gain adjustment is a one point trim because the 
output of the LM134 extrapolates to zero at OaK, 
independent of RSET or any initial inaccuracy. 

ISET INITIAL OUTPUT 

t 
DESIRED 

" OUTPUT 
I 

Ib' I 
I I 
I I 

I' I I 
I I I 
I I I 
I I I 

O'K TI T2 T3 

This.property of the LMl34 is illustrated in the accom· 
panying graph. Line abc is the sensor current before 



Application Hints (Continued) 

trimming. Line a'b'c' is the desired output. A gain trim 
done at T2 will move the output from b to b' and will 
simultaneously correct the slope so that the output 
at T1 and T3 will be correct. This gain trim can be done 
on RSET or on the load resistor used to terminate the 
LM134. Slope error after trim will normally be less 
than ±1%. To maintain this accuracy, however, a low 
temperature coefficient resistor must be used for RSET. 

A 33 ppmrC drift of RSET will give a 1% slope error 
because the resistor will normally see about the same 
temperature variations as the LM 134. Separating RSET 
from the LM 134 requires 3 wi res and has lead resistance 
problems, so is not normally recommended. Metal film 
resistors with less than 20 ppmrC drift are readily 
available. Wire wound resistors may also be used where 
best stability is required. 

Typical Applications (Continued) 

Low Output Impedance Thermometer 

R3* 

)CIO(+-I~_t--Ao6,,00,..,,_ VOUT=IO mVfK 
ZOUT~ loon 

RI 
230 

*Output impedance of the LMI34 at the "R" pin is 
-Ron 

approximately --, where Ro is the equivalent 
16 

external resistance connected to the V- pin. This 
negative resistance can be reduced by a factor of 5 or 
more by inserting an equivalent resistor in series 
with the output. 

Low Output Impedance Thermometer Higher Output Currant 

CI 
0.0022 

+VIN ---4.----., 
R2 
300 

)c~-I~-... - VOUT = 10 mVfK 
zOUT~2n 

R3 
100 

R4 
Uk 

RI* 

R 

RSET 

*Select RI and CI for optimum stabilitY 
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Typical Applications (Continued) 

Micropower Bias Low Input Voltage Reference Driver 

+VIN +VIN ~ VREF +200 mV --+-------., 

RESETJL 

1.2V Rof.ronco Oporates on 10 IlA and 2V 

+VIN~2V 

R3 

Ramp Gonorator 

+VIN 

"'---+--VOUT. 

R 3.&k 
)a,,~~~~_~~ __ VOUT'I~V 

lOUT S; 1 ~A 
R2* 
&.8k 
1% 

*Select ratio of R1 to R2 to obtain zero temperature drift 

9·22 

VOUT = Vz + 64 mV @25·C 
IOUT~3mA 

01 
LM129 
LMI3& 
LM113 
ETC. 

1.2V Regulator with I.BV Minimum Input 

_----.... -VIN~I.8V 

lN457 

Rl* 
"";k 
1% 

*Select ratio of Rl to R2 for zero temperature drift 



Typical Applications (Continued) 

Zener Biasing 

R 

RSET 

"'---"'-VOUT 

Alternate Trimming Technique 

+VIN 

R 

-VIN 

Buffer for Photoconductive Cell 

1.5V 

*For ±10% adjustment, select RSET 
10% high, and make Rl '" 3 RSET 

FET Cascoding for Low Capacitance andlor Ultra High Output ImpedaJlce 

R 
RSET 

*Select Ql or Q2 to ensure at least IV across the LM134. Vp (1 -ISET/IOSS);:: 1.2V. 

Generating Negative Output Impedance 

+vlti 

y+ 
~ 

() 
» 

R 

Rl* 

CJ 
RSET 

V- ~ 

-VIN 

*ZOUT '" -16' Rl (R11V1N must not exceed ISET) 
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In-Lina Current Limiter 

RSET 

R 

*Use minimum value required to ensure stability of protected 

device. This minimizes inrush current to a direct short. 



~ Schematic and Connection Diagrams 

== .;.J 

~ 
== ...J 

~ 
?"" 

== ...J 

_-.. ---+- v+ (2) 

1.,;..-1----1---_ .... _ .... R (1) 
L..-___ .. _______ V-Ill 

TO-46 
Matal Can Packago 

vt 

R~V-
BOTTOM VIEW 

Pin 3 is electrically connected to case 

Order Number LM134H, LM134H·3, LM134H·6, LM234H, 
LM234H·3, LM234H·6 or LM334H 

. See NS Package H03H 
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TO.g2 
Plastic Packaga 

V+ R V-

o 
BOTTOM VIEW 

Order Number LM334Z, LM234Z·3 or LM234Z·6 
See NS Package Z03A 



~National 
~ Semiconductor 

Industrial Blocks 

LM135/LM235/LM335, LM135A1LM235A1LM335A 
Precision Temperature Sensors 
General Description 
The LM135 series are precision, easily·calibrated, inte· 
grated circuit temperature sensors. Operating as a 
2·terminal zener, the LM135 has a breakdown voltage 
directly proportional to absolute temperature at +10 mV/ 
oK. With less than In dynamic impedance the device 
operates over a current range of 400 J1.A to 5 mA with 
virtually no change in performance. When calibrated 
at 25°C the LM135 has typically less than 1°C error 
over a 1000 e temperature range. Unlike other sensors 
the LM 135 has a linear output. . 

Applications for the LM135 include almost any type of 
temperature sensing over a -55°C to +1500 e temper· 
ature range. The low impedance and linear output 
make interfacing to readout or control circuitry espe· 
ciallyeasy, 

The LM135 operates over a _55°e to +1500 e temper· 
ature range while the LM235 operates over a _40°C 

Schematic Diagram 

Typical Applications 

to +125°C temperature range. The LM335 operates 
from _40°C to +100°C. The LM135/LM235/LM335 
are available packaged in hermetic TO·46 transistor 
packages while the LM335 is also available 'in plastic 
TO·92 packages, 

Features 
II Directly calibrated in °Kelvin 
• 1 °c ~!'1!!!~! ~~'::'I_I,.~r.~1 ;:I\failahle 

II Operates from 400 J1.A to 5 mA 
II Less than 1 n dynamic impedance 
II Easily calibrated 
II Wide operating temperature range 

II 200° C overrange 
II Low cost 

"' 15.6. 

R. 

"0 
J--t--~W~AOJUSTMENT 

RIO 
13Bk 

Basic Temperature Silnsor Calibrated Sensor Wide Operating Supply 

v' 

OUTPUT 
10mVfk tl 

LM3J5 

v' 5V-40V 

RI 

'M334 
t--...... - OUTPUT IOmVrK 

LM33S 

* Calibrate for 2.982V at 25°C 
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Absolute Maximum Ratings 
Reverse Cu rrent 15mA 
Forward Current 10mA 
Storage Temperature 

TO·46 Package -60°C to +180°C 
TO·92 Package -60°C to +150°6 

Specified Operating Temperature Range 
Continuous Intermittent (Note 2) 

LM135, LM135A -55°C to +150°C 150°C to 200°C 
LM235, LM235A -40°C to +125°C 125°C to 150°C 
LM335, LM335A -40°C to +100°C 100°C to 125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Temperature Accuracy LM135/LM235, LM135A/LM235A (Note 1) 

LM135A/LM235A LM135/LM235 
PARAMETER CONDITIONS UNITS 

MIN TVP MAX MIN TVP MAX 

Operating Output Voltage TC;25°C, IR; 1 rnA 2.97 2.98 2.99 2.95 2.98 3.01 V 

Uncalibrated Temperature Error TC; 25DC, IR; 1 mA 0.5 1 1 3 °c 

Uncalibrated Temperature Error TMIN < TC < TMAX, IR; 1 mA 1.3 2.7 2 5 DC 

Temperature Error with 25DC TMIN < TC < TMAX, IR; 1 rnA 0.3 1 0.5 1.5 DC 

, Calibration 

Calibrated Error at Extended TC; TMAX (Intermittent) 2 2 DC 

Temperatures 

Non·Linearity IR; 1 rnA 0.3 0.5 0.3 1 DC 

Temperature Accu.racy LM335, LM335A (Note 1) 

PARAMETER CONDITIONS LM335A LM335 UNITS 
MIN TVP MAX MIN TVP MAX 

Operating Output Voltage TC;25°C, IR; 1 rnA 2.95 2.98 3.01 2.92 2.98 3.04 V 

Uncalibrated Temperature Error TC; 25DC, IR; 1 mA 1 3 2 6 °c 

Uncalibrated Temperature Error TMIN < TC < TMAX, IR = 1 m~ 2 5 4 9 DC 

. Temperature Error with 25DC TMIN<TC<TMAX, IR; 1 rnA 0.5 1 1 2 °c 

Calibration 

Calibrated Error at Extended TC; TMAX (Intermittent) 2 2 °c 

Temperatures 

Non·Linearity IR; 1 rnA. 0.3 1.5 0.3 1.5 °c 

Electrical Characteristics (Note 1) 

LM135/LM235 LM335 

PARAMETER CONDITIONS LM135A/LM235A LM335A UNITS 

MIN TVP MAX MIN TVP MAX 

Operating Output Voltage 400 /lA < I R < 5 rnA 2.5 10 3 14 mV 
Change with Current At Constant Temperature 

Dynamic Impedance IR; 1 rnA 0.5 0.6 n 
Output Voltage Temperature +10 .+10 mV/"C 
Drift 

Time Constant Still Air 80 80 sec 

100 ft/Min Air 10 10 sec 

Stirred Oil 1 1 sec 

Time Stability TC; 125DC 0.2 0.2 °C/khr 

Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered. 

Note 2: Continuous operation at these temperatures for 10,000 hours for H package and 5,000 hours for Z package may decrease life expect-
ancy of the device. 
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Typical Performance Characteristics 

~ 
'" z 
~ 
~ c 
!:; .. 
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~ .... JoO .. 
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'" ffi 100 
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~"~55!C 
, I ~~ 

v 4 ·V?' 
V A'J,1' 

V '" --1.. lJ5·L 
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10 
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Response Time 
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I- r- OUTPUT -'NPUT 

l~ -. (OU+"T 
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TIME(",) 
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-55 -15 25 65 '05 145 185 
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Dynamic Impedance 

I I I I I 
1 II 

=Tj--55"C 

= Tj"25'C .. "l .A 

1 
Tj-25"C-

10 100 lk 10k lOOk 

FREQUENCY (H.) 

Thermal Time Constant 

L\ 
To-46 

I' 1""+ 
TO-92 

400 800 1200 1600 2000 

AIR VELOCITY (FPM) 

Reverse Characteristics 
10 

Tj'25'C 
~ 
.!i. 
l-

i Tj :.-55"C 

.. 
~ .. .. 
1:: .. 

0.1 

Tjrl-A~ 
.2 
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Noise Voltage 
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-",'" 

I 
II 

10k 

TIME (MINUTES) 

lOOk 

Forward Characteristics 
1.4 

1.2 

~ 1:0 .. 
'" c 

IIIIII 
)-- ~).1~15'C 

I _I.-

~ 0.8 

> 
0.6 .. 

cc 
c 

~ 0.4 

-;'j'25'C -- L -- Tj.125°C 
0.2 

IIIIIII 
0.1 10 
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App'lication Hints 
CALIBRATING THE LM135 

Included on the LM135 chip is an easy method of 
calibrating the device for higher accuracies. A pot 
connected across the LM135 with the arm tied to the 
adjustment terminal allows a 1-point calibration of the 
sensor that corrects for inaccuracy over the full tem
perature range. 

This single point calibration works because the output 
of the LM135 is proportional to absolute temperature 
with the extrapolated output of sensor going to OV 
output at OaK . (-273.15°C). Errors in output voltage 
versus temperature are only slope (or scale factor) 
so a slope calibration at one temperature corrects at 
all temperatures. 

The output of the device (calibrated or uncalibrated) 
can be expressed as: 

T 
VOUTT = VOUTT x-

a To 

where T is the unknown temperature and To is a ref
erence temperature, both expressed in degrees Kelvin. 
By calibrating the. output to read correctly at one 

Typical Applications (Continued) 

temperature the output at all temperatures is correct. 
Nominally the output is calibrated at 10 mV/oK. 

To insure good sensing accuracy several precautions 
must be taken. Like any temperature sensing device, 
self heating can reduce accuracy. The LM135 should 
be operated at the lowest current suitable for the ap· 
plication. Sufficient current, of course, must be avail
able to drive both the sensor and the calibration pot 
at the maximum operating temperature. 

If the sensor is used in an ambient where the thermal 
resistance is constant, self heating errors can be cal· 
ibrated out. This is possible if the device is run with 
a temperature stable current. Heating will then be pro
portional to zener voltage and therefore temperature. 
This makes the self heating error proportional to ab
~olute temperature the same as .scale factor errors. 

WATERPROOFING SENSORS 

Meltable inner core heat shrinkable tubing such as 
manufactured by Raychem can be used to make low
cost waterproof sensors. The LM335 is inserted into 
the tubing about 1/2" from the .end and the tutJing 
heated above the melting point of the core. The un
filled 1/2" end melts and 'provides a seal over the device. 

Minimum Temperature Sensing Average Temperature Sensing Remote Temperature Sensing 

15V 15V 

6' 6' 

r---..... ---1~+:~!~rK 
LM336 

Isolated Temperature Sensor 

LM335 
15V 

L::J6DURNS 
60' 

3' --- 4258-0001 

• 
-=-

510 INS14 10' 

10' 
200pF 

m 

-15V 
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rrj,,~ 
LM335D: 

~ 
Wire length for 1° C error due to wire drop 

AWG 
14 
16 

18 
20 
22 
24 

15V 

1N457 

IR - 1 mA IR = 0.5 rnA 
FEET FEET 

4000 8000 
2500 5000 

1600 3200 
1000 2000 
625 1250 
400 800 

0.1 ~F 

~ 
DUTPUT 
10mVfK 



Typical Applications (Continued) 

Simple Temperature Controller 

IOV-30V~~-------------"'-"'---"", 

HEATER 

LM329C 
lM19S 

Simple Temperature Control 

SV-40V 

-1DV 

Ground Referred Fahrenheit Thermometer Centigrade Thermometer 

15V 

15V 

Ok 

A1· 82* .... "-~~2Dk .... =-~·~,Ok 

1k 

.. 
15V 

12k 

} OUTPUT 
... __ .... "mV/'C 

8.5k lM336 .55k 

t---e-~'~-1~~~~~: 
10k 

15k 

-15V 

* Adjust R2 for 2.554V across LM336. 
Adjust RI for correct output. 

LM315 

LM1336 

2k' 

':' ':' 

I"'" ':' 
':' * Adjust for 2.73V at output of LM308 

1k 

Fahrenheit Thermometer 

15V 

10k 10k 

} 
OUTPUT 

... __ ...... .,..5.,.5k~ ... -'\,..1k/'r ..... ___ ... ..., 1 mvrF 

01 • 
10k lM338 

02 • 
10k 

*To calibrate adjust R2 for 2.554V across LM336. 
Adjust R 1 for correct output. 
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Typical Applications (Continued) 

-15V 

15. 

Uk 

-16V 

15V 

10k 

LM335 

':' 
15. 

I 
LM329B~r 

~ 

R2 
10k 

~ 

LM335 

THERMOCOUPLE COLD JUNCTION COMPENSATION 

Compensation for Grounded Thermocouple 

*Select R3 for proper thermocouple type 

THERMO
COUPLE R3 

SEEBECK 
COEFFICIENT 

200k J 
T 
K 
S 

37H! 
308!! 
293!! 
45.8!! 

52.3 "vre 
42.8 "vre 
40.8 "vre 

., 
10k 

THERMOCOUPLE 

6.4 "vre 
Adjustments: Compensates for both sensor and resistor toler
ances 
1. Short LM329B 
2. Adjust R1 for Seebeck Coefficient times ambient temper
ature (jn degrees K) across R3 
3. Short LM335 and adjust R2 for voltage across R3 corre
sponding to thermocouple type 

J 14.32mV K 11.17mV 
T 11.79 mV S 1.76B mV 

Single Power SupplV Cold Junction Compensation 

20Gk 

THERMOCOUPLE 

.3 
+ 

":' 

~ lOOk OUTPUT 

1M 

114 

~ 

*:Select R3 and R4 for thermocouple type 
THERMO· 
COUPLE 

J 
T 
K 
S 
Adjustments: 

R3 

1.0SK 
8S6!! 
B16!! 
12B!! 

R4 

38S!! 
315!! 
300!! 

46.3!! . 

SEEBECK 
COEFFICIENT 

62.3 "vre 
42.8 "vre 
40.8 "vrc 

6.4 "vrc 
. 1. Adjust Rl for the voltage across R3 equal to the Seebeck 

Coefficient times ambient temperature in 'degrees Kelvin . 
. 2. Adju.t R2 for voltage across R4 corre.ponding to thermo
couple 

J 
T 

14.32 mV 
1'.79mV 

K 
S 

11.17 mV 
1.768mV 

Centigrade Calibrated Thermocouple Thermometer 

698k 

"'_~Ii'Ii%II---+<:f:k LM3298 Terminate thermocouple reference junction in close proximity 
to LM335. 

422 100k 

r-JtlI%""'~'"""_"""''''''Ir-_-'' ":' ":' 
Adjustments: 

1. Apply signal in place of thermocouple and adjust R3 for a 
gain of 245.7 . • 3 

50 

VOUT~10mvrc 

9-30 

2. Short non-inverting input of LM30BA and output of 
LM3298 to ground. 

3. Adjust Rl so that VOUT = 2.9B2V @ 2Soe. 
4. Remove short aero •• LM3298 and adjust R2 .0 that VOUT = 

246 mV@ 25°C. . 

5. Remove short across thermocouple. 



Typical Applications (Continued) Fast Charger for Nickel-Cadmium Batteries 

Differential Temperature lilensor 

r-----~~15V 

12k 12k 

,..,.=-~~CAL 
'Ok 

Differential Temperature Sensor 
.5V 

200k 

12k 12k 

'Ok 

'D' 

lM335 LM335 

1:-------1~--------~------~-------1~------------.-----., 

.Dk 

\ ,0> 
O.t 

LM335L---~""'--'" 

.". 
.Ok 

~START 

IDk 5k 

IDk 

D2 
LM335 

\ 
\ 

\ 50k 

THERMALLYCOUPLE'-- - - - - - - ---

Adjust 01 to 50 mV greater Vz than 02. t I_W-
Charge terminates on SoC temperature rise. Couple 02 to battery. 

I5V 

2Dk 

Variable Offset Thermometer:!: 

" CLOSE~ 
FOR ~ 

Wfc BOk 
2k 

OUTPUT 
10Dmvfc ">:....~-------+-----------.D .. mVrC 

-15V 
LU33S 

.. -:J; IODpF 

t Adjust for zero with sensor at O°C and lOT P:t set at O°C 
* Adjust for zero output with 10T pat set at 100° C and sensor 

at 100°C 
+Output reads difference between temperature and dial setting 

of lOT pot 

LM32DB 

75k 

" 
-ISV 

Ground Referred Centigrade Thermometer Air Flow Detector* 

2k 

-15V 

OUTPUT 
IDmVrc 

9-31 

r---~~'5V 

1.211. 18k 
.5V 

OUTPUT-HIGH 
WITH AIR FLOW 

*Self heating is used to detect air flow 

'DO 



Definition of Terms 

Operating Output Voltage: The voltage appearing across 
the positive and negative terminals of the device at spec
ified conditions of operating temperature and current_ 

Uncalibrated Temperature Error: The error between 
the operating output voltage at 10 mVfK and case 
temperature at specified conditions of current and 
case temperature_ 

Connection Diagrams 

TO-92 
Plastic Package 

BonOMVIEW 

Order Number LM335Z 
orLM335AZ 

See NS Package Z03A 
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Catlibrated Temperature Error: The error between oper- . 
ati~g output voltage and case temperature at 10 mVfK 
over a temperature range at a specified operating current 
with the 25°C error adjusted to zero. 

T0-46 
Metal Can Package* 

BOTTOM VIEW 

* Case is connected to negativB pin 

Order Number LM135H, 
LM235H, LM335H, LM135AH, 

LM235AH or LM335AH 
See NS Package H03H 



~-----------------------------------------------------------"r-

~National . 
~ Semiconductor 
LM555/LM555C Timer 
General Description 
The LM555 is a highly stable device for generating 
accurate time delays or oscillation. Additional terminals 
are provided for triggering or resetting if desired. In the 
time delay mode of operation, the time is precisely con
trolled by one external resistor and capacitor. For astable 
operation as an oscillator, the free running frequency and 
duty cycle are accurately controlled with two external 
resistors and one capacitor. The circuit may be triggered 
and reset on falling waveforms, and the output circuit 
can source or sink up to 200 mA or drive TTL circuits. 

Features 
• Direct ·replacement for SE555/NE555 
• Timing from microseconds through hours 

,. Operates in both astable and monostable modes 

Schematic Diagram 

Industrial Blocks 

• Adjustable duty cycle 
• Output can source or sink 200 mA 
• Output and supply TTL compatible 
• ~emperature stability better than 0.005% per °c 
• Normally on and normally off output 

Applications 
• Precision timing 
• Pulse generation 
• Sequential timing 

• Pulse width modulation 
• Pulse position modulation 
• Linear ramp generator 

• v~o---------~-1~------~-------1~----------------------~------'--1------, 

• THRESHOLD 

CONTROL S 
VOLTAGE 

1 
GNo 

2 
TRIGGER 

7 
DISCHARGE 

Connection Diagrams 
Metal Can Package 

Vee 

RESET 

TOP VIEW 

Order Number LM555H, LM555CH 
Sea NS Package HOSC 

R3 
5' 

R4 
5' 

R5 
5' 
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GND 

TRIGGER 

OUTPUT 

RESET 

R6 
Uk 

022 
R11 
62' 

Dual-In-Line Package 

TOP VIEW 

Order Number LM555CN 
See NS Package NOSB 

3 
.A'"----1~-o OUTPUT 

Order Number LM555J or LM555CJ 
See NS Package JOSA 

i: 
U1 
U1 
st! r-
i: 
U1 
U1 
U1 
o 



Absolute· Maximum Ratings 
Supply Voltage +18V 
Power Dissipation (Note 1) 600mW 
Operating Temperature Ranges 

LM555e oDe to +70oe 
LM555 -55°e to +125°e 

Storage Temperature Range --65°e to +150oe 
Lead Temperature (Soldering, 10 seconds) 3000 e 

Electrical Characteristics (T A = 25De, vcc = +5V to +15V, unless otherwise specified) 

LIMITS 

PARAMETER CONDITIONS LM555 LM555C UNITS 

MIN TYP MAX MIN TYP MAX 

Supply Voltage 4.5 18 4.5 16 V 

Supply Current Vee =: 5V. AL =00 3 5 3 6 mA 
Vee = 15V, RL = ~ 10 12 10 15 mA 
(Low State) (Note 2) 

Timing Error, Monostable 
Initial Accuracy 0.5 1 % 
Drift witte Temperature RA , Re = lk to 100 k, 30 50 ppml"C 

C = O.lpF, (Note 3) 
Accuracy over Temperature 1.5 1.5 % 
Drift with Supply 0.05 0.1 %/V 

Timing Error, Astable 
Initial Accuracy 1.5 2.25 % 
Drift with Temperature 90 150 ppm/'C 
Accuracy over Temperature 2.5 3.0 % 
Drift with Supply 0.15 0.30 %/V 

Threshold Voltage 0.667 0.667 xVcc 

Trigger Voltage Vee = 15V 4.8 5 5.2 5 V 
Vee = 5V 1.45 1.67 1.9 1.67 V 

Trigger Current 0.01 0.5 0.5 0.9 pA 

Reset Voltage 0.4 0.5 1 0.4 0.5 1 V 

Reset Current 0.1 0.4 0.1 0.4 mA 

Threshold Current (Note 4) 0.1 0.25 0.1 0.25 pA 

Control Voltage Level Vee = 15V 9.6 10 10.4 9 10 11 V 
Vee = 5V 2.9 3.33 3.8 2.6 3.33 4 V 

Pin 7 Leakage Output High 1 100 1 100 nA 

Pin 7 Sat (Note 5) 
Output Low Vee = 15V,I7 = 15 mA 150 180 ., mV 
Output Low Vee = 4.5V, 17 = 4.5 mA 70 100 80 200 mV 

Output Voltage Drop (Low) Vee = 15V 
ISINK =: 10 rnA 0.1 0.15 0.1 0.25 V 
ISINK =: 50m~ 0.4 0.5 0.4 0.75 V 
ISINK = 100 mA 2 2.2 2 2.5 V 
ISINK = 200 mA 2.5 2.5 - V 
Vee = 5V 
ISINK =8 rnA 0.1 0.25 V 
ISINK = 5 rnA 0.25 0.35 V 

Output Voltage Drop (High) IsouReE = 200 mA, Vee = 15V 12.5 12.5 V 
IsouReE = 100 mAo Vee = 15V 13 13.3 12.75 13.3 V 
Vee = 5V 3 3.3 2.75 3.3 V 

Rise Time of Output 100 100 ns 

Fall Time of Output 100 100 ns 

Note 1: For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperature and a thermal 
resistance of +45'C/W junction to ease for TO-5 and +150'C/W junction to ambient for both packEges. 

Note 2: Supply current when output high typically 1 mA less at V CC = 5V. 

Note 3: Tested at VCC = 5V and VCC = 15V. 

Note 4: This will determine the maximum value of RA + RB for 15V operation. The maximum total (RA + RB) is 20 MEl.. 

Note 5: No protection against excessive pin 7 current is necessary providing the packag~ dissipa~ion rating will not be exceeded. 
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Typical Performance Characteristics 

J 
'" I:i 
iii 
!!i 
i! .. .. 
!!i 
'" iii 

1.2 
1.1 
1.0 
0.9 
0.8 
0.1 
0.6 
O.S 
0.4 
0.3 
0.2 
0.1 

Minimum Pulsa Width 
Required for Triggering 

Vee -ISV 

T - +125'C 

T=+~5!C:-, 

T = -55'C 

0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE IX Vee> 

Low Output Voltage vs 
Output Sink CUrrant 

10 ~1'1'U±II"~-a"ilI Vee -:IV 

-55'C lJ. 

1.0~. 
~ +12S'C::n 25'C 

0'1111'A~_5!5lCI 
0.01 (j::P I " 

1200 

1.0 10 100 

ISINK (mA) 

Output Propagation Dalay ¥s 

Voltage Laval of Triggar Pulse 

T =+2S'C 

! 1000 

~ 800 
co. Vee '" 5.0V 

1/ 
1/1/ 

k 
~"1 vee = IOV, 15V 

I 

~ 600 
:;: .. 
~ 
f 200 

400. 

o 
o 0.1 0.2 0.3 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE IX Vee) 

12 

10 

'" .!! .... 
15 

~ 
~ 

~ 

o 

10 

1.0 

~ 

J 
0.1 

0.01 

1200 

! 1000 

>-

~ 800 
co 
z 600 .. 
;:: 
~ 400 ::! .. 
g; 200 

o 

Supply Currant vs 
Supply Voltage 

-6S'C -l...II= ~'" 
.....~+2S·C 

~~ ;...- +125'C 

~p 

5 10 

SUPPLY VOLTAGE IV) 

Low Output Voltage vs 
Output Sink Current 

15 

I I LEE '.' .... !!!'.' ~ 

-I-

::2;:: ...... 
1.0 

I 
+125°C 

+25'C~ 

10 

ISINK (rnA) 

~ -55'C 

1111 

Output Propagation Delay vs 
Voltage Level of Trigger Pulse 

100 

Vee'" 15V I ~lj5'~ rJ 
~7~·d.1.. 'Ii' 

+2J'C I;-= v. 
/1 'I 'I 

1/ iAIO'IC 

155iC I 
o 0.1 0.2 0.3 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE IX Veel 

;; 100 
0: 
;; 
.!! 

J 10 

Discharge Transistor (Pin 7) 
Voltage vs Sink Current 

0.1 1.0 10 

ISINK (mA) PIN 1 
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100 

~ 
S 
~ 
I 

~ 

2 

1.8 

1.6 

1.4 

1.2 

0.8 

0.6 

0.4 

0.2 

o 

High Output Voltage vs 
Output S9urce Current 

I-t!_15J·C 

TA " +2Sg C 

TA '" +125"C 

i---'" 

./ 

5V~Vcc ~15V 

1 10 

'SOURCE (rnA) 

Low Output Voltage vs 
Output Sink Current 

100 

10 au _ .... I I III I IIIIII! r--'" ._. 

1.0 II 

~~~~~~~+~12~5~'C~~ j f-
0.1 +25·C....., ~ -55'C 

0.01 I::'" 
1.0 10 

'SINK (rnA) 

Discharge Transistor (Pin 7) 
Voltage vs Sink Current 

1000 

z tOO 
0: 
;; 
.!! . 
J 10 

1.0 L..L.LWlllLl..ll 
0.01 0.1 1.0 

ISINK (mAl PIN 7 

10 

100 

100 



Applications Information 

MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a 
one-shot (Figure 1)_ The external capacitor is initially 
held discharged by a transistor inside the timer_ Upon ap
plication of a negative trigger pulse of less than 1/3 Vee 
to pin 2, the flip-flop is set which both releases the short 
circuit across the capacitor and drives the output high. 

r-______ ~~--~~.~.V~T~O~.,~W~~_o~= 

i "f-- , ". ! TRIGGER 4 \. 8 

~g;~~!~ t ",'0::;;.. \ « ':/ 
I lM55., 

DISCHARGE 

THRESHOLD 

CONTROL I OUTPUT 

NORMALLY ~ 
"OFF" LOAD 1" RL 

3 (- '1]:' -'-c 
~ __ ~'~ __ ~ -ro.01,~' 

FIGURE 1. Monost.ble 

The voltage across the capacitor then increases exponen
tially for a period of t = 1.1 RA C, at the end of which 
time the voltage equals 2/3 Vee. The comparator then 
resets the flip-flop which in turn discharges the capacitor 
and drives the output to its low state. Figure 2 shows 
the waveforms generated in thi,s mode of operation. 
Since the charge and the threshold level of the com
parator are both directly proportional to supply Voltage, 
the timing internal is independent of supply. 

I I I 

I-tH-t--l--1--+-+--+---t--i _ 

jl /I I 
1/ 

Vee • 5V Tgp Tllet: Input5V1Drv. 
TIME" D.1 msJOIV. Middle Tllc,: Output SV/OIV, 
RA .. 9.1.n Bottam tracl: C.pKltor VoitaF 2V1Div. 

C"O.DI/.!F 

FIGURE 2. Monost.ble Waveforms 

During the timing cycle when the output is high, the 
further application of a trigger pulse will not effect the 
circuit. However the circuit can be reset during this time 
by the appl ication of a negative pulse to the reset 
terminal (pin 4). The output will then remain in the low 
state until a i:rigger pulse is again applied. 

When the reset fUnction is not in use, it is recommended 
that it be connected to Vee to avoid any possibility of 
false triggering. 

Figure 3 is a nomograph for easy determination of R, C 
values for various time delays. 

NOTE: In monostable operation, the trigger should be 
driven high before the end of timing cycle. 

ASTABLE OPERATION 

If the circuit is connected as shown in Figure 4 (pins 2 
and 6 connected) it will trigger itself and free run as a 
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100 

II V V 
~ 

10 

~/I V V .. 
li! r---~; ... '" ~I 1 c V !: ~ .. ~ 
II ~~ 
~ 0.1 

Vlv7f 
I--I--

I 

" 0.01 

V I V I 
0.001 

10jJ.sl00ps 1 ms 10 ms 1~ ms 11 10. 100s 

... - TIME DELAY 

FIGURE 3. Time Delay 

multivibrator. The external capacitor charges through 
RA + Re and discharges through Re ., Thus the duty 
cy.cle may be precisely set by the ratio of these two 
resistors. 

r-------------~--------i~<l+vcc 

I 
I 
I 
I 

~"' 
r,I,'- ". 
'j:' • 

I 
I 
I 

- !:', \-1 'I--+--. 

1 I) 
...----(3 

LM555 <II 

~ ", 

FIGURE 4. Astable 

", 

In this mode of operation, the capacitor charges and 
discharges between 1/3 Vee and 2/3 Vee. As in the 
triggered mode, the charge and discharge times, and there
fore the frequency are independent of the supply voltage. 

Figure 5 shows the waveforms generated in this mode 
of operation. 

u 

v \.I/' 

Vee a 5V Tap T.Itt! Ou,,1 liV/Dw. 
TIME" 20ps/DIY. Baftam Tract: tlp.illt Yal1JVt 1V/OII. 
RA ·3.' kG 
R.-3kG 
C·O.01~F , 

FIGURE 5. Astable Waveforms 

The charge time (output high) is given by: 
t1 = 0.693 IRA + Re) C 

And the discharge time (output low) by: 
. t2 = 0.693 (Re) C 

Thus the total period is: 
T=t1 +~=0.693(RA+2Re)C 



Applications Information (Continued) 

The frequency of oscillation is: 

1 1.44 
f=-= ----

T IRA + 2 RB ) C 

Figure 6 may be used for quick determination of these 
RC values. 

The duty cycle is: 

~ 

.3 
w .. 
Z .. 

100 

10 

5 0.1 
§ 
I 

u O.Ot 

0,001 
0,1 10 100 lk 10k lOOk 

f - FREE·RUNNING FREDUENCY (Hz) 

FIGURE 6. Free Running Frequency 

FREQUENCY DIVIDER 

The monostable circuit of Figure 1 can be used as a 
frequency divider by adjusting the length of the timing 
cycle. Figure 7 shows the waveforms generated in a 
divide by three circuit. 

I II 
J iJ 
- - -

~ 

Vee "5V 
TlME"ZlIJ,IsJDIV. 
RA "'9.1 ku 
C"O.OI"f 

" II " ~ u IU 

--./ 

TopThcr:11qI1I14V1Dlv. 
Mlddlt T,KI. Olllpul ZV/DIY. 
BottamTIK,:C.plCrtorZVfD, •. 

FIGURE 7. Frequency Divider 

PULSE WIDTH MODULATOR 

When the timer is connected in the monostable mode 
and triggered with a continuous pulse train, the output 
pulse width can be modulated by a signal applied to pin 
5. Figure 8 sho~s the circuit, and in Figure 9 are some 
waveform examples. 

r---4~----4>-O"vcc 

LM555 

DISCHARGE 

THRESHOLD 

MODULATION 
INPUT 

R. 

FIGURE 8. Pulse Width Modulator 
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~' ...... 

...... 

r r:- 1 n n 
I II 

" I II 
" Vee" 5V Top Tn~l: Modul.tum 1V/Olv. 

TIME" 0 Z IIIs/DIV, Bottoll! l'''e: Out~t2V1DIV. 
AA =9.1 kU 

C"o.OI"f 

FIGURE 9. Pulse Width Modulator 

PULSE POSITION MODULATOR 

This' application uses the timer connected for astable 
op~n:tLiUII, d:J ill Piyu,-i; ;0, ;iiit:-, ;;:i iiiv~i..i:~-::;;-:; ::;;-:=! 
again applied to, the control voltage terminal. The pulse 
position varies with the modulating signal, since the 
threshold voltage and hence the ti me delay is varied. 
Figure 11 shows the waveforms generated for a triangle 
wave modulation signal. 

r--~>-----"'-<l +Vcc 

R. 

R, 

MODULATION 
OUTPUT 

FIGURE 10. Pulse Position Modulator 

Vee" 5V Top Trace: Madllilhan IrrJIIIIIV/Dlv. 
TIME = 0.1 msiDIV. Baltom TracI· Olllpll12V/Dlv. 
A",=JUll 
AB ~ J kll 
C=D.OM 

FIGURE 11. Pulse Position Modulator 

LINEAR RAMP 

When the pullup resistor, RA , in the monostable circuit 
is replaced by a constant current source, a linear ramp is 

rs: 
en en 
S!! r-s: 
en 
~ 
(") 



Applications Information (Continued) 

generated. Figure 12 shows a circuit configuration that 
will perform this function. 

r--.... -_v~"::.--1'"""-1'"""<> .v", 

! I, S-' A, TAIGGERo-- 2 n 
ZN4250 

OR EDUIV 

OUT'UTo-- , '.55' :iJ- Ie A, 

'---r, ----' -y;:",J' 
~ 

FIGURE 12. 

Figure 13 shows waveforms generated by the linear ramp. 

The time interval is given by: 

I 
....I 

v 
./ 

Vcc=5V 
TIME=2Ib.rsfDIV: 
Rl "47 kll 
"2,100kH 
RE =%.1 kU 
C-D.Dl/AF 

./ 
TopTI'Kt: Inpu13V10IY, 
MlddlITrace:Output5V1DIY. 
Bottom TruI: ClPlCitor Vottlp 'Y/DIY. 

FIGURE 13. Lin.ar Ramp 

50% DUTY CYCLE OSCILLATOR 

For a 50% duty cycle, the resistors RA and RB may be 
connected as in Figure 14. The time period for the out· 

9·38 

put high is the same as previous, tl = 0.693 RA C. 
For the output low it is t2 = 

[(RA RBI/(R A + RBll CLn [RB -2RA ]. 
2RB - RA 

1 
Thus the frequency of oscillation is f = --.

tl + t2 

. Jr---rt---........ -o·v" 

L,! ! A. 
m 

't-t-''M ..... 

'.55'. 't-...---. 

A. 
m 

OUTPUT 0-- 3 , 'l ";:r: .. ,,, 
'---li---' T O.OM I 

* 
FIGURE 14. 50% Duty Cycle Oscillator 

Note that this circuit will not oscillate if RB is greater 
than 1/2 RA because the junction of RA and RB cannot 
bring pin 2 down to 1/3 Vee and trigger the lower 
comparator. 

ADDITIONAL INFORMATION 

Adequate power supply bypassing is necessary to protect 
associated circuitry. Minimum recommended is O.lI1F in 
parallel with lllF electrolytic . 

Lower comparator storage time can be as long as 1()lIs 
when pin 2 is driven fully to ground for triggering. This 
limits the monostable pulse width to lOlls !1linimum. 

Delay time re~et to output is 0.4711s typical. Minimum 
reset pulse width must be 0.3I1s, typical. 

Pin 7 current switches within 30 ns of the output 
(pin 31 voltage. 



~National 
~ Semiconductor 

LM556/LM556C Dual Timer 
General Description 
The LM556 Dual timing circuit is a highly stable 
controller capable of producing accurate time delays 
or oscillation. The 556 is a dual 555. Timing is provided 
by an external resistor. and capacitor for each timing 
function. The two timers operate independently of each 
other sharing only Vee and ground. The circuits may be 
triggered and reset on falling waveforms. The output 
structures may sink or source 200 mAo 

Features 
• Direct replacement for SE556/NE556 

• Operates in both astable and monostable modes 

• Replaces two 555 timers 

Schematic Diagram 
(141 

Industrial Blocks 

• Adjustable duty cycle 

• Output can source or sink 200 mA 

• Output and supply TTL compatible 

• Temperature stability better than 0.005% per °c 
• Normally on and normally off output 

Applications 
• Precision timing 

• Pulse generation 

• Sequential timing 
• Time delay generation 

" Pulse width modulation 

• Pulse position modulation 

• Linear ramp generator 

V~~------~~1r------~-------t----------------------~-----1~1r-----' 

~~~:~~ (°,.-111,--------+-------' 

GNo, ""1---' 
TRIGGER 0--------1-----1 

{G,a} 

Connection Diagram 
Dual·ln·Line Package 

THRESH· CONTROL 

R3 

" 

Vee DISCHARGE OLD VOLTAGE RESET OUTPUT TRIGGER 

DISCHARGE THRESH· CONTROL RESH OUTPUT TRIGGER (iNO 
OLD VOLTAGE 

TOP VIEW 
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R6 
1.5k 

02' '" Uk 

__ --+-'.o5,9'OU1PU1 

Order Number LM556CN 
Soe NS Packago N 14A 

Ordar Number LM556J or LM556CJ 
See NS Package J14A 



Absolute Maximum Ratings I 

Supply Voltage +18V 

Power Dissip'ation (Note 1) 600mW 
Operating Temperature Ranges 

LM556C O°C to +70°C 

LM556 -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

.' 

Electrical Characteristics (T A = 25°C, Vee = +5V to +,'5V, unless otherwise specified) 

PARAMETER CONDITIONS 
LM556 LM556C 

MIN TYP MAX MIN TYP MAX UNITS 

Supply Voltage 4.5 18 4.5 16 V 

Supply Current Vee = 5V. RL "'- 3 5 3 6 mA 
(Each Timer Section) Vee = 15V, Al. .. DO 10 11 10 14 mA 

(low State) (Note 21 

Timing Error, Monostable 

Initial Accuracy 0.5 0.75 % 
Drift With Temperature RA • Rs = lkto l00k.C"'O.l~F. 3,' 50 ppmtc 

(Note'31 

Accuracy Over Temperature 1.5 1.5 % 
Drift with Supply 0.05 0.1 %IV 

Timing Error, Astable 

Initial Accuracy 1.5 2.25 % 
Drift With Temperature 90 150 ppmtc 
Accuracy Over Temperature 2.5 3.0 '% 

Drift With Supply 
, 

0.15 0.30 %IV 

Trigger Voltage Vee"" 15V 4.B 5 5.2 4.5 5 0.5 V 
Vee = 5V 1.45 1.67 1.9 1.25 1.67 2.0 V 

Trigger Current 0.1 0.5 0.2 , 1.0 ~A 

Reset Voltage {Note 41 0.4 0.5 1 0.4 0.5 1 V 

Reset Current 0.1 0.4 0.1 0.6 mA 

Threshold Current (Note 51 0.03 0.1 0,03 0.1 ~A 

Control Voltage Level And Vee = 15V 9.6 10 10.4 9 10 11 V 
Threshold Voltage Vee = 5V 2.9 3.33 3.8 2.6 3.33 4 V 

Pin 1, 13 Leakage Output High 1 100 1 100 nA 

Pin 1, 13 Sat INote 6) 
C?utput Low Vee· 15V, 1-1SmA 150 240 180 300 mV 
Output Low Vee" 4.5V, I" 4.5 rnA 70 100 80 200 mY. 

Output Voltage Drop (Low) Vee;;; 15V , 
ISINK '" lOrnA 0.1 0.15 0.1 0.25 V 

ISINK = SOmA 0.4 0.5 0.4 0.75 V 
'SINK = 100 rnA 2 2.25 2 2.75 V 
ISINK = 200 mA 2.5 2,5 V 
Vee'" 5V 

ISINK "SmA .0.1 0.25 V 
ISINK = 5 rnA 0.25 0.35 V 

Output Voltage Drop (High) 'SOURCE'" 200 mA, Vee" l5V 12.5 12.5 V 

ISOURCE .. 100 mA, Vee" l5V 13 13.3 12.75 13.3 V 

Vee" 6V 3 3.3 2.75 3.3 V 

Rise Time of Output 100 100 n. 

Fall Time of Output 100 100 n. 

Matching Characteristics INote 71 

Initial Timing Accuracy 0.05 0.2 0.1 2.0 % 

Timing Drift With Temperature 110 110 ppmtc 

Drift With Supply Voltage 0.1 0.2 0.2 0.5 "IV 

Nota 1: For operating at elevated temperatures the device must be derated besed on a +150·C maximum Junction temparature and a tharmal 
resistance of +150·CIW junction to ambient for both peckages. 

,Nota 2: Supply current when output high typically 1 mA le.s at VCC a 5V. 
Nota 3: Tested at VCC = 5V and VCC = 16V. 
Nota 4: As reset voltage lowers, timing i. inhibited and then the output goes low. 
Nota 5: This will detarmine the maximum value of RA + RS for 15V oparatlon. 'The maximum total IRA + RSI is 20 MG. 
Nota 8: No protection against excessive pin 1,13 current is necess.ary providing the package dissipetion rating will not be exceeded. 
Nota 7: Matching characteristics refer to the difference betwaen performance charactaristlcs of each timer section. 
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~National ' 
~ Semiconductor 

.Industrial Blocks 

LM565/LM565C Phase Locked Loop 
General Description 
The LM565 and LM565C are general pu rpose phase 
locked loops containing a stable, highly linear volt
age controlled oscillator for low distortion FM 
demodulation, and a double balanced phase detec
tor with good carrier suppression. The VCO fre· 
quency is set with an external resistor and capa· 
citor, and a tuning range of 10:1 can be obtained 
with the same" capacitor. The characteristics of the 
closed loop system-bandwidth, response speed, 
capture and pull in range-may be adjusted over a 
wide range with an external resistor and capacitor. 
The loop may be broken between the VCO and 
the phase detector for insertion of a digital fre· 
quency divider to obtain frequency multiplication. 

The LM565H is specified for operation over the 
_55°C to +125°C military temperature range. The 
LM565CH and LM565CN are specified for opera· 
tion over the O°C to +.70oC temperature range. 

Features 
• 200 ppml"C frequency stability of the VCO 

Schematic and Connection Diagrams 

Metal Can Package 

"'lSi.t_~UtDI\ 
VCOINPUT 

. , 

Order Number LM565H or LM565CH 
See NS Package Hl0C 
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• Power supply range of ±5 to ±12 volts with 
100 ppm/% typical 

• 0.2% linearity of demodulated output 
• Linear triangle wave with in phase zero crossings 

available 
• TTL and DTL compatible phase detector input 

and square wave output 
• Adjustable hold in range from ±1% to > ±60%. 

Applications 
• Data and tape synchronization 

• Modems 
• FSK demodulation 
• FM demodulation 
• Frequency synthesizer 

• Tone decoding 
• Frequency multiplication and division 

• SCA demodulators 
• Telemetry receivers 
• Signal regeneration 
• Coherent demodu lators. 

Dual-ln·Line Package 

Order Number LM565CN 
See NS Package N14A 



Absolute Maximum Ratings 
Supply Voltage ±12V 
Power Dissipation (Note 1) 300mW 
Differential Input Voltage 

, 
±lV 

Operating Temperature Range LM565H _55°C to +125°C 
LM565CH. LM565CN OoC to 70°C 

Storage Temperature Range _65°C to +150°C 
Lead Temperature (Soldering. 10 sec) 300°C 

Electrical Characteristics (AC Test Circuit. TA = 25°C. Vc = ±6V)' 

LM565 LM565C 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Power Supply Current 8,0 12.5 8,0 12.5 mA 

Input Impedance (Pins 2.3) -4V<V2 • V3 <OV 7 10 5 kU 

VCO Maximum Operating ,.. _., '? ... I:: ~nn fiOO 250 500 kHz 
Frequency ~o -., ,.,. 

Operating Frequency 
-100 300 -200 500 ppml"C 

Temperature Coefficient 

Frequency Drift with 
0,01 0.1 0.05 0.2 %IV Supply Voltage 

Triangle Wave Output Voltage 2 2.4 3 2 2.4 3 Vp.p 

Triangle Wave Output Linearity 0.2 0.75 0.5 1 % 

Square Wave Output Level 4.7 5.4 4.7 5.4 Vp-p 

Output Impedance (Pin 4) 5 5 kU 

Square Wave Duty Cycle 45 50 55 40 50 60 % 

Square Wave Rise Time 20 100 20 ns 

Square Wave Fall Time 50 200 50 ns 

Output Current Sink (Pin 4) 0.6 1 0.6 1 mA 

VCO Sensitivity fo=10kHz 6400 6600 6800 6000 6600 7200 HzIV 

Demodulated Output Voltage 
±10% Frequency Deviation 250 300 350 200 300 400 mVpp "(Pin 7) , 

Total Harmonic Distortion ±10% Frequency Deviation 0.2 0,75 0.2 1.5 % 

Output Impedance (Pin 7) 3.5 3.5 kU 

DC Level (Pin 7) 4.25 4.5 4.75 4.0 4.5 5.0 V 

Output Offset Voltage 
IV7- Vsl 30 100 50 200 mV 

Temperature Drift of IV7 - Vsl 
\ 

500 500 /lV/oC 

AM Rejection 30 40 40 dB 

Phase Detector Sensitivity Ko 0.6 .68 0.9 0.55 .68 0.95 V/radian 

Note I: The maximum junction temperature of the LM565 is 150°C. while that of the LM565C 
"and LM565CN is 100°C. For operation at elevated temperatures. devices in the TO-5 package must 
be derated based on a thermal resistance of 1500 C/W junction to ambient or 45°C/W junction to case. 
Thermal resistance of the dual·in·line package is 100oC/W. 
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Typical Performance Characteristics 
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Typical Applications 

FSK Demodulator (2025-2225 cpsl 

L..-----IIII---' 
DhF 

2400 Hz Synchronous AM Demodulator 

FSK Demodulator with DC Restoration. 

LII'UT , 

'" r-~===t==-:--r.L---1-oDU"Ul 

Frequency Multiplier (x101 
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Applications Information 
In designing with phase locked loops such as the 
,LM565, the important parameters of interest are: 

FREE RUNNING FREQUENCY 

f ",,--'-
0- 3.7 RoCo 

LOOP GAl N: relates the amount of phase change 
between the input signal and the VCO signal for a 
shift in input signal frequency (assuming the loop 
remains in lock). In servo theory, this is called 
the "velocity error coefficient". 

Loop gain KoKo (~c) 
( radians/sec) 

Ko oscillator sensitivity volt 

Ko = phase de~ector sensitivity C:~li:n) 

The loop gain of the LM565 is dependent on 
supply voltage, and may be found from: 

33.6 fo 
-v;-
VCO frequency in Hz 

Vc = total supply voltage to circuit. 

Loop gain may be reduced by connecting a resistor 
between pins 6 and 7 ; this reduces the load imped· 
ance on the output amplifier and hence the loop 
gain. 

HOLD IN RANGE: the range o,f frequencies that 
the loop will remain in lock after initially being 
locked. 

.8 fo tv; 
free running frequency of VCO 

Vc =; total supply voltage to the circuit. 

THE LOOP FILTER 

In almost all applications, it will be desirable to 
filter the signal at the output of the phase detector 
(pin 7) this filter may take one of two forms: 

,---..,-0.,,, .---.... - .... -0.,,, 

Simple Lag Filter Lag·Lead Filter 

A simple tag filter may be used for wide closed 
loop bandwidth applications such as modulatlon 
following where the frequency deviation of the 
carrier is fairly high (greater than 10%), or where 
wideband modulating signals must be followed. 

The natural bandwidth of the closed loop response 
may be fou nd from: 

,~ 
fn = 211J~ 

Associated with this is a damping factor: 

8 = .!. j-::::-c::-,'-:-::-7::-
2 R,C,KoKo 

For narrow band appl ications where a narrow noise 
bandwidth is desired, such as applications involving 
traCking a slowly varying carrier, a lead lag filter 
should be used. In general, ifl/R,C, < l<oKd, 
the damping factor for the loop becomes quite 
small resulting in large overshoot and possible 
instability in the transient response of the loop. 
In this case, the natural frequency of the loop 
may be fou nd from 

R2 is selected to produce a desired damping factor 
8, usually between 0.5 and 1.0. The damping 
factor is found' from the approximation: 

These two equations are plotted for convenience. 

,0' 
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~ Semiconductor 

Industrial Blocks 

LM566/LM566C Voltage Controlled Oscillator 
General Description 
The LM566/LM566C are general purpose voltage 
controlled oscillators which may be used to gener
ate square and triangular waves, the frequency of 
which is a very linear function of a control volt
age. The frequency is also a function of an external 
resistor and capacitor. 

The LM566 is specified for operation over the 
_55°C to +125°C military temperature range. The 
LM566C is specified for operation over the O°C 
to +70°C temperature range. 

Features 
• Wide supply voltage range: 10 to 24 volts 

• Very linear modulation characteristics 

• High temperature stability 
• Excellent supply voltage reje~tion 

• 10 to 1 frequency range with fixed capacitor 
• Frequency programmable by means of current, 

voltage, resistor or capacitor. 

Applications 
• FM modulation 
.. SiQnal Qeneration 

• Function generation 
II Frequency shift keying 

• Tone generation 

Schematic and Connection Diagrams 

TRIU~'l 

GDT,Ul 

1''''bG 
AU'STDR 

Typical Application 
1 kHz and 10 kHz TTL Compatible 

Voltage Controlled Oscillator 

GND 1 

StlUAREWAVE 
OUTPUT 

TOPVLEW 

Order Number LM566CN 
See NS Package NOBB 

Applications Information 
The LM566 may be operated from either a single supply 
as shown in this test circuit, or from a split (±) power 
supply. When operating from a split supply, the square 
wave output Ipin 41 is TTL compatible (2 mA current 
sink) with the addition of a 4.7 kn resistor from pin 3 to 
ground. 

A .001 IJF capacitor is connected between pins 5 and 6 
to prevent ,parasitic oscillations that may occur during 
VCO switching. 

2(V+-Vs ) 
fo = R,C,V+ 

where 

2K<R, <20K 

and Vs is voltage between pin 5 and pin 1 
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Absolute Maximum Ratings 

Power Supply Voltage 26V , 
Power Dissipation (Note 1) 300mW 
Operating Temperature Range LM566 -55°C to +125°C 

LM566C O°C to 70°C 
Lead Temperature (Soldering, 10 sec) 300°C 

I 

Electrical Characteristics Vee = 12V, TA = 25°C, AC Test Circuit 

PARAMETER 
LM566 LM566C 

CONDITIONS UNITS 
MIN TYP MAX MIN TYP MAX 

Maximum Operating Frequency RO= 2k 1 1 MHz. 

CO = 2.7 pF 

Input Voltage Range Pin 5 3/4 Vcc Vee 3/4 VCC Vce 

Average Temperature Coefficient 100 200 ppm/oe 

of Operating Frequency 

Supply Voltage Rejection 10- 20V 0.1 1 0.1 2 %IV 

Input Impedance Pin 5 0.5 1 0.5 1 Mn 

VCO Sensitivity For Pin 5, From' 6.4 6.6 6.8 6.0 6.6 7.2 kHzlV 

8-10V, fO = 10 kHz 

FM Distortion ±10% Deviation 0.2 0.75 0.2 1.5 % 

Maximum Sweep Rate 800 1 500 1 MHz 

Sweep Range 10:1 10:1 

Output Impedance 

Pin 3 50 50 n 

Pin 4 50 50 n 

Square Wave Output Level RL1 = 10k 5.0 5.4 5.0 5.4 Vp·p 

Triangle Wave Output Level RL2 = 10k 2.0 2.4 2.0 2.4 Vp·p 

Square Wave Duty Cycle 45 50 55 40 50 60 % 

Square Wave Rise Time 20 20 ns 

.Square Wave Fall Time 50 50 ns 

Triangle Wave Linearity + 1 V Segment at 0.2 0.75 0.5 1 % 

\ 1/2 Vee 

Note 1: The maximum junction temperature of the LM566 is 150°C, while that of the LM566C 
is 100·C. For operating at elevated junction temperatures, devices in the TO·5 package must be 
derated based on a thermal resistance of 150·C/W. The thermal re;jstance of the dual·in-line package 
is 100°C/W. 

-
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~National 
~ Semiconductor 

Industrial Blocks 

LM567/LM567C Tone Decoder 
General Description 
The LM567 and LM567C are general purpose tone 
decoders designed to provide a saturated transistor 
switch to ground when an input signal is present 
within the passband. The circuit con;ists of an I 
and Q detector driven by a voltage controlled 
oscillator which determines the center frequency 
of the decoder. External components are used to 
independently set center frequency, bandwidth 
and output delay. 

Features 
• 20 to 1 frequency range with an external resistor 
• Logic compatible output with 100 rnA current 

sinking capability 

• Bandwidth adjustable from 0 to 14% 

• High rejection of out of band signals and noise 

• Immunity to false signals 
• Highly stable center frequency 
• Center frequency adjustable from 0.01 Hz to 

500 kHz 

Applications 
• Touch tone deCOding 
• Precision oscillator 
• Frequency monitoring and control 
• Wide band FSK demodulation 
• Ultrasonic controls 
• Carrier current remote controls 
• Communications paging decoders 

Schematic and Connection Diagrams 
Metal Can Package 

" 

Order Number LM567H or LM567CH 
.See NS Package HOSC 
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Dual·ln·Line Package 

"~~;1l~'"'''' 
lOOP 2 "",,,. 1 

filTER ". GHD 

IN'UT 3 ...... , TIMING . 
• "",,. CAPACITOR 

• 4 5 TIMING 
V IIUISTOR 

Order Number LM567CN 
See NS Package NOSS 



Absolute Maximum Ratings , 

Supply Voltage Pin 10V 
Power Dissipation (Note 1) 300mW 
Va 15V 
V3 -10V 
V3 Va + O.5V 
Storage Temperature Range _65°C to +150°C 

Electrical Characteristics CAC Test Circuit. T A'" 2SOC, Vc = 5V) 

LM567 LM567C/LM567CN 
PARAMETERS CONDITIONS 

MIN TYP MAX MIN TYP MAX 
UNITS 

Power Supply Voltage Range 4.75 5.0 9.0 4.75 5.0 9.0 V 

Power SupplV Current RL " 20k 

Quiescent 6 8 7 10 mA 

Power Supply Current HL'" lUk 

Activated 11 13 12 15 mA 

Input Resistance 18 20 22 15 20 25 kll 

Smallest Detectable Input Voltage IL =100mA,f,=fo 20 25 20 25 mVrms 

Largest No Output Input Voltage Ie'" 100mA, f,= fa 10 15 10 15 mVrms 

Largest Simultaneous Outband Signal to Inband Signal Ratio 6 6 dB 

Minimum Input Signal to Wideband Noise Ratio Bn'" 140 kHz -6 -6 dB 

Largest Detection BandWidth 12 14 16 10 14 18 %offo 

Largest Detection Bandwidth Skew 1 2 2 3 %offo 

Largest Detection Bandwidth Variation with Temperature ±0.1 0.25 ±O.l 0.5 %I"e 

Largest Detection Bandwidth Variation with Supply Voltage 4.75V - 6.75V ±1 ±2 ±1 ±5 %V 

Highest Center frequency 100 SOD 100 500 kHz 

Center Frequency Stability O<T.<70 35± 60 35± 60 ppm~oC 

-55<T.<+125 35 ± 140 35± 140 ppm/oC 

Center Frequency Shift with Supply Voltage 4.75V - 6.75V 0.5 1.0 0.4 2.0 %IV 

Fastest ON"()FF Cycling Rate fo/20 fo/20 

Output Leakage Current Va = 15V 0.01 25 0.01 25 ~A 

Output Saturation Voltage e.=25mV. 0.2 0.4 0.2 0.4 V 
Is'" 30mA , 

e,= 25mV, 0.6 1.0 0.6 1.0 
Is= l00mA 

Output FaJl Time 30 30 ns 

Output Rise Time 150 150 ns 

Note 1: The maximum junction temperature of the LM567 is 150·C, while that of the LM567C and LM567CN is 100·C. 
For operating at elevated temperatures, devices in the TO~5 package must be derated based on a thermal resistance of 
150°C/W, junction to ambient or 4SoC/W. junction to case. For the DIP the device must be derated based on a thermal 
resistance of 187°C/W, junction to ambient. 
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Typical Performance Charact~ristics 
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Typical Applications 

Touch·Tona Decoder 

AC Test Circuit 

f,=10DItHz+5V 

-Note: A"just for '0 " 100 kHz. 

Oscillator with Quadrature Output 

Connel:tpm3toZ.8Vtoinvenoutput. 

Oscillator with Double Frequency Output 

1IIU1fv. 

~" 

Precision Oscillator Drive 100 mA Loads 

" 
Camponentvaluesltyp) 
Rl 6.810 15k .<0 

TERMIIiAL 
1-6%1 

...f1..fU 

R2 4.n 
R3 2Dk 
Cl a.l0mfd 
C2 1.0mfd6V 
C3 2.2 mfd&V 
C4 250mfd 6V 
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Applications Information 
The center frequency of the tone decoder is equal 
to the free running frequency of the VCO. This is 
given by 

fo - -:--:-=-== 1.lR 1C1 

The bandwidth of the filter may be found from 
the approximation 

BW 1070.v foV~2 . in % of fo 

Where: 

Vi Input voltage (volts rms), \{i ~ 200 mV 

C2 Capacitance at Pin 2 (jJ.F)' 
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LM733/LM733C' Differential·Video Amp 
General Description 
The LM733/LM733C is a two-stage, differential 
input, differential output, wide-band video ampli
fier. The use of internal series-shunt feedback gives 
wide bandwidth with low phase distortion and high 
gain stability. Emitter-follower outputs provide a 
high current drive, low impedance capability. It's 
120 MHz bandwidth and selectable gains of 10, 
100, and 400, without need for frequency compen
sation, make it a very useful circuit for memory 
element drivers, pulse amplifiers, and wide band 
linear gain stages. 

The LM733 is specified for operation over the 
_55°C to +125·C military temperature range. The· 
LM733C is specified for operation over the O·C 
to + 70·C temperature range. 

Features 
• 120 MHz bandwidth· 

• 250 kn input resistance 
• Selectable gains of la, 100,400 

• No frequency compensation 
• High common mode rejection ratio at high 

frequencies. 

Applications 
• Magnetic tape systems 

• Disk file memories 
• Thin and thick film memorie; 

• Woven and plated wire memories 
• Wide band video amplifiers. 

Schematic and Connection Diagrams 

Test Circui~s 
Test Circuit 1 

>. 

... ... 
S~l Numb,,. in pllenth.tes show DIP conneetionl. 

Test Circuit 2 

::~ :1J,$$ 
-:: -:: -:: ":" 
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UI" 
SUEtt 

Order Number LM733CN 
See NS Package N14A 

Metal Can Package 

V· 

Nole: Pin 5 connemd to Clle. 
Tapl/lEW 

ounut . 

Order Number LM733H or LM733CH 
See NS Package Hl0D 

Voltage Gain Adjust Circuit 

Vs .. BV, TA = Z5~C 

(p.n numb.,. apply to TO·5 pacltage) 



Absolute Maximum Ratings 
Differential I nput Voltage ±5V 
Common Mode Input Voltage ±6V 
Vee ±8V 
Output Current 10mA 
Power Dissipation (Note 1) 500mW 
Junction Temperature +150°C 
Storage Temperature Range _65°C to +150°C 
Operating Temperature Range LM733 _55°C to +125°C 

LM733C O°C to +70°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (T A = 2SoC, unless otherwise specified, see test circuits, V s = ±6.0V) 

TEST LM733 LM733C 
CHARACTERISTICS 

CIRCUIT 
TEST CONDITIONS UNITS 

MIN TVP MAX MIN TYP MAX 

niffprpnthd Voltaae Gain ! ~~~ ?r:;n 1400 Gain 1 (Note 21 ' ""U -...... 600 
Gain 2 I(Note 31 1 RL = 2 kG VOUT = 3 V ... 90 100 110 BO 100 120 
Gain 3 ,(Note 41 9.0 '10 11 B.O 10 12 

Bandwidth 
Gain 1 40 40 MHz 
Gain 2 2 90 90 MHz 
Gain 3 120 120 MHz 

Rise Time 
Gain 1 VOUT = 1 Vp-p 10.5 10.5 ns 
Gain 2 2 4.5 10 4.5 12 n. 
Gain 3 2.5 2.5 n. 

Propagation Delay VOUT :::: 1 V p.p 

Gain 1 7.5 7.5 n. 
Gain 2 2 6.0 10 6.0 10 n. 
Gain 3 3.6 3.6 n. 

Input Resista!ICe 
Gain 1 4.0 4.0 kfl 
Gain 2 20 30 10 30 kfl 
Gain 3 250 250 kfl 

Input Capacitance Gain 2 2.0 2.0 pF 

Input Offset Current 0.4 3.0 0.4 5.0 ~A 

Input Bias Current 9.0 20 9.0 30 ~A 

Input Noise Voltage BW= 1 kHz to 10MHz 12 12 ~Vrms 

Inp~t Voltage Range 1 ±1.0 ±1.0 V 

Common Mode Rejection Ratio 
Gain 2 1 VCM ::: ±lV f:$; 100 kHz 60 B6 60 B6 dB 
Gain 2 VCM • ±lV I - 5 MHz 60 60 dB 

Supply Voltage Rejection Ratio 
Gain 2 1 IIVs = ±0.5V . 50 70 50 70 dB 

Output Ollset Voltage 
Gain 1 1 RL =,00 0.6 1.5 0.6 1.5 V 
Gain 2 and 3 0.35 1.0 0.35 1.5 V 

Output Common Mode Voltage 1 RL = 00 2.4 2.9 3.4 2.4 2.9 3.4 V 

Output Voltage Swing 1 RL = 2k 3.0 4.0 3.0 4.0 

Output Sink Current 2.5 3.6 2.5 3.6 mA 

Output Resistance 20 20 fl 

Power Supply Current 1 RL =00 lB 24 18 24 mA 
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Electrical" Characteristics (Continued) 

(The following specifications apply for _55°C < TA < 125°C for the LM733 and DoC < TA < 70°C for the LM733C, Vs = ±6.0V) 

TeST ! LM733 LM733C 
CHARACTERISTICS 

CIRCUIT 
TeST CONDITIONS 

MIN TYP MAX .MIN TYP MAX 
UNITS 

Differential Voltage Gain 

Gain 1 200 600 260 600 

Gain 2 1 RL"" 2 kn, VOUT = 3'Vp 'P 80 120 80 120 

Gain 3 8.0 12.0 8.0 12.0 

Input Resistance Gain 2 8 8 kQ 

Input Offset Current 5 6 pA 

Input Bias Current 40 40 pA 

Input Voltage Range 1 '1 ±1 V 

Common Mode Rejection Ratio 

Gain 2 1 VCM ='IV, f"; 100 kHz 50 50 dB 

SUl!Ply Voltage Rejection Ratio 

Gain ~ 1· AVs" '0.5V 60 50 dB 

Output Offset Voltage 

Garn 1 1 RL = 00. 1.5 1.5 V 

Gain 2 and 3 1.2 1.5 V 

Output Voltage Swing 1 RL" 21< 2.5 2.B V'P 

Output Sink Current 2.2 2.5 rnA 

Power Supply 'Current 1 RL ";00 27 27 rnA 

Note 1: The maximum junction temperature of the LM733 is 150·C, while that of the LM733C is l00·C. For operation 
at elevated temperatures devices in the TO-l00 package must be derated based on a thermal resistance of 150°C/W iunction . 
to ambient or 45·C/W junction to case. Thermal resistance of the dual-in-line package is l00·CIW. 
Note 2: Pins GIA and GIB connected together_ 
Note 3: Pins G2A and G2B connected together. 
Note 4: Gain select pins open. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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LM903 Fluid Level Detector 

General Description 
The LM903 is a fluid level detector circuit which measures 
the level of non·lnflammable fluids with the aid of a 
thermo·resistive probe. A low fluid level is Indicated by a 
warning lamp operating In continuous or flashing mode. 
The circuit has possible applications in the detection of 
hydraulic fluid, oil levels, etc., and may be used with par· 
tially conducting fluids. 

Connection Diagram 

-Features 
• Flashing or continuous warning indication 
• 7V-18V supply range ' 
• 80V supply transient.protection 
• Switch on reset and delay to avoid transients 
• Internal regulated supply 
• Warning threshold externally adjustable 
• Short and open circuit probe detection 
• Separate ground pins for lamp drive and measurement 

circuit 

• 600 mA flashing lamp current drive capability 

Dual·ln·Line Package 

MEAS INPUT 

MEAS GND 

PROBE I REF 

PNP BASE 

PROBE 

SUPPLY 

START INPUT 

GND 

16 • 

TOP VIEW 

Order Number LM903N 
See NS Package N16E 
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LAMP DRIVER 



Absolute Maximum Ratings 
Supply Voltage, V6 18V Operating Temperature Range - 40·C to + 80·C 

Start Input, V7 18V Storage Temperature Range - 40·Cto +150·C 

Probe Current Reference, V3 18V Maximum Junction Temperature 150·C 

Pulse Voltage to Pins 3, 6, 7, 9 (Note 1) 80V -10ms Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics Supply V6 = 12V, TA = - 40·C to + 80·C unless stated otherwise. 

Parameter Conditions Min Typ Max Units 

Supply Voltage V6 7 13 18 V 

Supply Current 16 45 rnA 

Regulated Voltage VII 5.54 6.15 V 

Regulation Temperature Drllt V6=7V-18V 100 mV 
500 ~V/'C 

Measurement Reference Voltage VI6 790 900 mV 

Input Resistance RI6 1.2 kO 

Probe Current Reference Voltage V6-V3, External PNP Connected 2.0 2.3 V 

Overvoltage CapabiJlly V6, 7, 3, 9, 10 ms Pulse (Note I) 80 V 

Starting Latch 
High Input Voltage V7 1.45 V 
Low Input Voltage V7 1.1 V 
High Input Current 17, V7 < 1.45V 100 nA 
Latch Holding Current 170 Latch On 2.5 rnA 

R'N R7, Latch On 22 kO 

Ramp 
Ramp Current 1'20 7.5 kO Between Pin 13 and 

Ground 
Charging VI2,OV-tv -0.6 -0.85 -1.1 rnA 

V12, tv-4V -60 -75 -90 ~ 
Discharging VI2,4.IV 700 575 450 ~A 

VI2,0.5V 650 525 400 ~A 

Ramp Thresholds 
Probe Current Start VI2 0.6 0.82 V 
First Measurement Rising Ramp 0.9 1.2 V 
Second Measurement Failing Ramp 0.9 1.2 V 

Alarm Level 
(Difference Between First AVI 230 280 330 mV 
and Second Measurement) 

Auxiliary Output 
Output for Lamp Off VI4 6.0 7.6 V 
Output for Lamp On VI4 0.7 V 

Memory Comparator 
Leakage Current 1'5, VI5 = 2V, V7 = 12V 3 ~ 
Charging Current 1'5' VI5 = 4V, V7 = 12V -130 -70 ~ 

Probe Voltages 
Open Circuit Detection V5 6 V 
Short Circuit Detection I 0.4 V 
Probe Voltage Range in I 5 V 

Normal Operation 
Oscillator Frequency 3.3 ~F from Pin 10 to Ground I 2 Hz 
Pin I Leakage I, 3 nA 
Pin I External Capacitor 0.1 ~F 

Lamp Driver 
Saturation Resistance R9 2 '0 

Maximum Current Flashing Mode 600 mA 

Note 1: Test circuit for overvoltage capability pins 3, 6. 7. 9 ft • 12V 

BOV ~ 

~. 
6 APPLICATION 

T CIRCUIT 

OV 
°In lamp on condition, 19 musl be IImlled to less Ihan 2A. 
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Circuit Timing Diagram 
V12 

4.1V 
11 25ms 0.7V Threshold 

4V 1---------_____ "'" 12 35ms 1.0V 1st Measurement 
13 12+1.5s 1.0V 2nd Measurement 

13+ 10 ms O.BV Measurement Latched 
14+8 ms 0.7V Probe Current Off 

1V~£-------------------~ 

PROBE CURRENT ~ L-______________ ~-------

LAMP CURRENT 

Circuit Operation 
A measurement is initiated when the supply is applied, 
provided the control input pin 7 is low. Once a measure
iii\:;"i! :: ::::~~e~~ed, P!r! ? ic: l?tr.hp.rI Inw and the ramp ca
pacitor on pin 12 begins to charge. After 25 ms when 
switch-on transients have subsided, a constant current is 
applied to the thermo-resistive probe. The value of probe 
current, which is supplied by an external PNP transistor, is 
set by an external resistor across an internally generated 
2V reference. The lamp current is applied at the start of. 
probe current. 

35 ms after switch-on, the voltage across the probe is 
sampled and held on external capacitor C1 (leakage cur
rent at.pin 1 less than 1 nA). After a further 1.5 seconds the 
difference between the present probe voltage and the ini
tial probe voltage is measured, multiplied by 3 and com
pared with a reference voltage of 780 mV (externally 
adjustable via pin 16). If the amplified voltage difference is 
less than the reference voltage the lamp is switched off, 
otherwise the lamp commences flashing at 1 Hz to 2 Hz. 
10 ms later the measurement latch operates to store the 
result and after a further 8 ms the probe current is 
switched off. 

A second measurement can only be initiated by interrupt
ing the supply. An external CR can be arranged on pin 7 to 
prevent a second measurement attempt for 1 minute. The 
measurement condition stored in the latch will control the 
lamp. 

PROBES 

The circuit effectively measures the thermal resistance of 
the probe. This varies depending on the surrounding 
medium (Figure 1). It is necessary to be able to heat the 
probe with the current applied and, for there to be suffi
cient change in resistance with the temperature change, 
to provide the voltage to be measure,d. 

Probes require resistance wire with a high resistivity and 
temperature coefficient. Nickel cobalt alloy resistance. 
wires are available with resistivity of 50 "oem and temper
ature coefficient of 3300 ppm which can be made into 
suitable probes. Wires used in probes for use in liquids 
must be designed to drain freely to avoid clogging. A 
possible arrangement Is shown in Figure 2. 

The probe voltage has to be greater than 0.7V to prevent 
short circuit probe detection less than 5V to .avoid open 
circuit detection. With a 200 mA'probe current this gives a 
probe resistance range of 40 to 250. This low value makes 
It possible to use the probe in partially conducting fluids. 

9-61 

r---, r--
I , , 

LAMP OFF DR FLASHING 
DEPENDING ON MEASUREMENT 

Using resistance wire of 50 "Ocm resistivity, 8 cm of 
0.08 mm (40 AWG) give approximately 80 at 25°C. Such a 
probe will give about 500 mV change between first and 
second measurements in air, ana lUU m"v· Cili:lllyt:: vvii.;-I vi:, 
hydraulic fluid, etc., in the application circuit. With an 
alarm threshold of 280 mV (typ) lack of fluid can readily be 
detected. As the probe current, measurement reference 
and measurement period are all externally adjustable, 
there is freedom to use different probes and fluids. 

Another possibility is the use of high temperature coeffi
cient resistors made for special applications and positive 
temperature coefficient thermistors. The encapsulation 
must'have a sufficiently low thermal resistance so as not 
to mask the change due to the different surrounding 
mediums, and the thermal time constant must be quick 
enough to enable the temperature change to take place 
between the two measurements. The ramp timing could 
be adjusted to assist this. Probes in liquids must be able 
to drain freely. 

PROBE TEMPERATURE (OC) 

FIGURE 1_ Typical Thermo-Resistive Probe 

FIGURE 2 

.... s: 
CO o 
(,.) 
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Application Hints 

INTERNAL COMBUSTION ENGINE OIL LEVEL 

The basic system provides a single shot measurement 
when the supply is applied and has a primary application 
in automotive oil, hydraulic fluid and coolant monitoring. 
Particularly in the case of engine oil level, a valid measure
ment is only possible before the oil is disturbed. The appli
cation circuit shown is arranged such that the measure
ment is made when the ignition is switched on via 
switch A. Switch B is the oil pressure sensor and is closed 
before the engine starts, keeping pin 7 low and enabling 
the measurement. 

STALLING AND RESTART PROTECTION 

The 4M7 resistor and 10 /IF capacitor connected to pin 7 
provide the restart protection. When oil pressure builds 
up, switch B opens and the 10 /IF capaCitor charges 
through the bulb. At switch·off, the capacitor discharges 
slowly and is capable of preventing a low state on pin 7 for 
1 minute. Unless pin 7 is low, a new measurement can not 
be made and the previous measurement result stored in 
the memory capacitor on pin 15 is used to control the 
output. 

MEMORY 

The pin 15 memory output goes high if a correct measure· 
ment is made (lamp off)! If the power is removed, pin 15 
leakage is less than 3 /lA and the memory status is reo 
tained for some time. Provided pin 15 voltage does not fall 
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below 3V, the memory capacitor Will be refreshed on 
powering up again. There is no internal pull down on 
detecting an incorrect measurement. If it is required to use 
pin 15 as an output indicating the measurement result, an 
external pull down resistor and buffer will be required: 

CONTINUOUS WARNING LAMP 

The lamp can be arranged to light continuously by disa
bling the oscillator with a resistor of 150k or less, con
nected between pins 10 and 11. 

REPETITIVE MEASUREMENTS 

Measurements may be repeated by strobing the supply to 
pin 6. The probe current regulator transistor must have the 
same supply as pin 6, but the warning lamp can be per
manently powered. The lamp will light during each meas
urement and will flash in between measurements when 
incorrect conditions are detected. 

ALTERNATIVE APPLICATIONS 

Gas flow detection: The cooling effect of gas flowing over 
a probe could be used to provide a warning signal from the 
LM903 in the event of gas failure. 

Automatic top up: With the LM903 strobed continuously, 
the output may be stored, buffered, and used to drive 
solenoid valves to correct a fluid level as required. 



8 ~National :s ~ Semiconductor 
Industrial Blocks 

PRELIMINARY 

LM909 Remote Control Receiver 

General Description 
The LM909 is a remote control receiver and decoder for fre· 
quencies up to 40 MHz. The circuit consists of an RF am· 
plifier, AGC, detector, phase lock loop for tone decoding, 
level detection and switching to push·pull output stages 
suitable for driving smaJI motors directly. The circuit can 
be optimized for use with various modulation schemes by 
adjusting external PLL and demodulation filter compo· 
nents. This device is especially suited to low cost model 
control applications. 

Typical Application Circuit 

22 pi' 0.22 pi' 

LOOP 
FILTER 

Features 
• Good RF sensitivity 
• PLL tone demodulator 
• Large AGC range 
• Outputs capable of 1A surges and 0.6A continuous 

operation . 

• Wide supply voltage range 
• Internally stabilized supply 
• Flip·flop defines reference on PLL 
• Four functions-e.g., left/right, forward/reverse capability 
• Thermal ·shutdown overload protection 

FIGURE 1 Tl Primary lOT 
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Secondary 4T 

T2 Primary 12T 
Secondary 2T 

Smm Former 
·1011-9111 for better stability and when 

using an Ie socket,'see Application Notes. 



Absolute Maximum Ratings 
Supply Voltage (Pin 17) 14V 
RF Input Voltage (Pin 7) 1 Vp-p 
Power Dissipation (Note 1) 2W 
Operating Temperature Range O·Cto + 70·C 
Maximum J unction Temperature 150·C. 
St<?rage Temperature Range -65·Cto +150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics Vs = 9V, TA = 25·C unless otherwise stated. 

Parameter Conditions Min Typ Max Units 

V17 Supply Voltage Range 5 9 14 V 

117 Supply Current 116 = 0, 113 = 0 (Note 2) 45 60 mA 

V9 Internally Regulated Voltage 2.6 2.8 3.0. V 

Internal Line Regulation V17 = 5V to 14V 9 mVIV 

RECEIVER AND AGC CIRCUIT 

V7 RF Input Sensitivity Pin 7 f = 27 MHz, 100% Mod, 1 kHz I 15 I /LVrms 
\I,UU;:; vi 

R7 Input Resistance Pin 7 f=27 MHz 1.2 kO 

C7 Input Capacitance Pin 7 10 pF 

V6 Input Sensitivity Pin 6 As for Pin 7 120 /LVrms 

R6 Input Resistance Pin 6 2.2 kO 

C6 Input Capacitance Pin 6 7 pF 

flY7 AGC Range For 10 dB Output Change 50 dB 
f = 27 MHz, 100% Mod, 1 kHz 

V12 Demodulated Outpu.t 100% Mod, 1 kHz @ 200/LVrms RF 100 mVp-p 

VCO 

f3 Free R.unnlng Frequency CP1N 3 = 10 nF, RplN 3 = 33k 11 kHz 

Tuning Range @ fo= 11 kHz, CPIN 3=10 nF ±2 kHz 
Rp1N3=22 kOt044 kO 

Frequency Drift with fo=11 kHz 
" Supply Voltage V17 = 5V to 14V 0.1 %IV 

Control Sensitivity fo= 11 kHz 1.7 kHzlV 

Frequency Drift with Temperature Range O·C to 70·C 4 Hz/·C 
Temperature 

PLL 

Af12 Capture Range V12 = 100 mVp-p, fa = 5.5 kHz ±800 Hz 
(VCO = 11 kHz) 

.<1f12 Holding Range V12 = 100 mVp-p, fa = 5.5 kHz ±10oo Hz 
(VCO = 11 kHz) 

Recovered Signal at Pin 12 = 5.5 kHz, 100 mVp-p 1.2 Vp-p 
Pin 2 (Loop Filter) ± 600 Hz Deviation 

V2 DC Level Pin 2 2.5 2.75 3.0 V 

DECODER 

V2 Pin 2 Threshold for Pin 1 2.45 V 
Sourcing Current 

V2 Pin 2 Threshold for 3.05 V 
Pin 18 Sourcing Current 

11,18 Pin 1, 18 Charge Current 600 /LA 

R1,18 Internal Discharge 6.5 kO 
Resistance of 
Pins 1 and 18 
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Electrical Characteristics (Continued) Vs = 9V, TA = 25'C unless otherwise stated. 

Parameter I Conditions I Min I Typ I Max I Units 

OUTPUT STAGES 

V1 Threshold Voltage for V18<0.35V 0.35 V 
V16 Low 

V18 Threshold Voltage for V1<0.35V 0.35 V 
V16 High 

V1,18 Threshold Voltage for 1.5 V 
V13 Low 

V1,18 T,hreshold Voltage for 2.75 V 
V13 High 

R13,16 Output Resistance V13, . 113, 16 = - 500 mA (Sourcing) . 2 n 
V16 High 

R13, 16 Output Resistance V13, 113,16 = 500 mA (Sinking) 1 n 
V16 Low 

Notol: Above 2S'C ambient, derate based on Tj(max) = IS0'C and a thermal rosistance of 8S'CIW, junction to ambient. 

Noto 2: The supply current Is virtually constant over the SV-14V supply range (no signal conditions). 

Noto 3: For 50 mVp·p recovered audio at pin 12 and RF input terminated In son. 

" 

Typical Performance Characteristics , 

~ 
'¥ 400 4.0 >- 1.00 .. ! 350 E 3.8 as 0.75 '\ :::> 

l:! 300 
N 3.6 , iii 

0.50 z 'If z J II: 3.4 I, '" '\ II: 250 ... 
3.2 ~ 0.25 ... 

~ , 
'" ~ 200 3.0 

z 0.00 ... :::> 
:::> C> , oc r- I""-C> oc 2.8 
ffi 150 !:J 1"\ ~ -0.25 ...... 
5 100 Ii: 2.6 

" B -0.50 
:::> ... 2.4 .. C> , ,. 
C> 50 9 2.2 i! -0.75 
:E ...... '" ~ G 2.0 r= -1.00 

10~V 100~V lmV 10mV l00mV 4.4 5.0 5.4 6.0 ! 5 6 7 8 91011121314 .. 
RF INPUT (Vrms) DEMODULATED OUTPUT PIN 12 (kHz) SUPPLY VDIJAGE (V) 

FIGURE 2. Demodulated FIGURE 3. PLL Transfer FIGURE 4. VCO Supply 
Output vs RF Input Characteristics Sensitivity 

_2.800 ,. 
5 

;;; 2.790 INFINITE ... 
HEAT SINK 13.2.780 

I -I""-
~ , 4 STAVER V8'0~ I C> 20'C/W ~ 2.770 z 

EQUIV HEAT SINK-II , C> 

9 2.760 i--. ~ 3 ~:~SFOll ...... !li ~c;ft i 2.750 .. 
to is 2 SS'c7: !!':i 2.740 ~ 
at 2.730 lii 

1 DEVICE IN SOCKET 
lIS'cilV 

z .. 
!!! 2.720 NO HEAT SINK 
i! 2.710 0 

5 6 7 8 9 10 11 12 13 14 0 10 20 30 40 50 60 70 80 

SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE ('C) 

FIGURE 5. Stabilized FIGURE 6. Allowable 
Voltage vs Supply Voltage Device Dissipation vs 

Ambient Temperature 
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Schematic Diagram 
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Application Notes 
TYPICAL SYSTEM 
The receiver application circuit shown has values de· 
signed for ,use with the following transmitter 
specification: , 

fRF27MHz 
f TONE 5.5 kHz, 100% modulation-square wave 
at TONE ± 600 Hz FSK @ 160 Hz with possible 100%, 
60% or 30% duty cycles 

A simple tone generator can readily be arranged using the 
LM556 (ooal LM555) timer IC as shown in Figure 8. The fre· 
quency modulation of the tone controls one output func· 
tion. The duty cycle of the tone keying controls the other 
function. I 

PRINCIPLE OF OPERATION 
The RF signal from the aerial is AC coupled via a tuned cir
cuit to the single ended input at pin 7. The'signal is then 
processed in a gain stage with AGC whose output (at pin 8) 
can be fed to the RF input (pin 6) via a further tuned circuit. 

LEfT FORWARD 
CENTER STOP 
RIGHT CONTROL SWITCHES REVERSE r-----------

L. 

There then follows a fixed gain block and detector, with 
the demodulated audio tone available at pin 12. 

The FSK modulated 5.5 kHz signal is internally applied toa 
phase detector forming part of a PLL with the 11 kHz VCO. 
A reference signal for the phase detector is derived from 
the VCO via a bi·stable circuit. The FSK waveform is avail
able at pin 2 across the loop filter capacitor. A positive 
deviation of greater than 0.3V causes the integrating 
capacitor on pin 1 to be charged. A similar negative devia
tion causes the capacitor on pin 18 to be charged. The 
voltage levels at the integrating capacitors are decoded to 
determine the output states, as shown in Table I. 

As illustrated in the Schematic Diagram, NPN transistors 
are used in the high current output stages, hence the out
put voltage excursion is limited to approximately 0.3V 
above ground in one direction and 1V below the positive 
supply in the other. The supply may also be split unequally, 
e.g., 6V and 3V. ' 

ANTENNA 

9V 

SET-.o.f SElID 
2.2k 47k 

l2 

470pF 
51k 120 

Duty Cycle, Generator Tone Generator SImple RF Oscillator 

27 MHz 100% 

65% 
L+ R at 150 Hz typ 

10 = 5,5 kHz-stop 

"I = ± 600 Hz-Iorwardlbackward 
25%-center FIGURE 8. FSK System Using LM556CN 

TABLE I. DECODE FUNCTION TABLE 

Integrator's Threshold States of Output Frequency of Deviation 
Voltages Stages Modulation Duty Cycle 

VPln1 VPln18 Pin 13 Pin 16 kHz @f=160Hz 

<0.3 <0.3 0 0 5.5 0% 
<0.3 0.4<V<1.5 0 1 6.1 30% 

0.4<V<1.5 <0.3 0 -1 4.9 30% 
1.6<V<2.7 <0.3 -1 -1 4.9 60% 

<0.3 1.6< V<2.7 -1 1 6.1 60% 

>3.0 <0.3 1 -1 4.9 100% 
<0.3 >3.0 1 1 6.1 100% 

Symbols Output States 

0 Off 
1 Source Current 

-1 Sink Current 
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Possible Functions 
Pin 16 = Forward/Reverse 

Pin 13 = Right/Left 

Stop 
Reverse 
Forward 

Forward and Left 
Reverse and Left 

Forward and Right 
Reverse and Right 
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~ Semiconductor 

Industrial Blocks 

LM10141LM1014A Motor Speed Regulator 

General Description 

The LM1014 is a monolithic Integrated circuit specifically 
designed to provide a low cost motor speed regulator for 
low voltage DC motors. 

Features 
• 5V to 20V operating voltage range 
• Short circuit protection 

• Externally selectable temperature coefficient 
• Remote pause control 
• Saturation voltage O.W 
• Motor connected to ground for ease of RF 

suppression . 

• Motor torque compensation 
• Low current consumption 

Functional Block Diagram and Typical Connection 

GROUND 

R4 
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Absolute Maximum Ratings .. 
Supply Voltage 24V 

Operating Temperature Range -20to +70'C 
Storage Temperature Range -65to +150·C 

Lead Temperature (Solde~ing, 10 seconds) 300·C 

Electrical Characteristics (Note 1) 

Parameter Conditions Min Typ Max Units Comments 

Supply Voltage Range 5.0 20.0 V 

Supply Current Current Into Pin 6 6.0 8.0 mA 

Reference Voltages Pin 2 and 3 Open 0.93 V -1.0 mVl·C 
Pin 2 Gnd, Pin 3 Open 1.13 V . .,.0;3 mVl·C 
Pin 2 Open, Pin 3 Gnd 1.33 V 0.3 mVl·C 
Pin 2 and 3 Gnd 1.53 V 1.0 mVl·C 

Line Regulation of Vs=5V to Vs=20V - 2.0 % VREF LM1014 
Reference Voltage Pin 1 1.0 % VREF LM1014A 

Remote Stop Current Into Pin 4 When 
Current Grounded 125 200 ,..A Note 2 

Output Current Vs=5V 15 40 mA Current into 
A1 Pin 1 Gnd Pin 7 

Short Circuit R1 = 10 1.4 A Note 3 
Current limit 

Motor Sense R1 = 10, R2 = 2000 
Current Deviation Current into Pin 1 :11 (11/Im-1) 

Exclusive of 
External 

Components 
Tolerances 

±1.5 % LM1014A 
±3.0 % LM1014 

Note 1: Unless otherwise specified, 5V<VS<20V and -lS·C<TA<SS·C, 

NDte.2: The remote stop Is activated by grounding pin 4. The motor restarts after disconnection of the ground connection. 

NDte 3: The current limit Is set by resistor Rl,l.e.,1"1.4V/R1. When the output current exceeds this limit, the drive to the output transistor Is switched off by a 
latch pircult. The motor can only be restarted after Interruption of the supply voltage. 

-
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Schematic Diagram 
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Typical Performance Characteristics/Application 

1. The output voltage VM Is given,by: 

A3 A1 A3 
VM=VREF(1 +-)+IM -'-

A4 5A2 

3. Four selectable temperature coefficients by ground
ing pin 2 andlor pin 3 for temperature compensation of 
motor characteristic. 

4. Parameter of the motor used for the test results 
shown below: 

2. A1 A3/5A2 must be equal to dynamic motor winding 
resistance AM in order to keep the speed constant dur
ing load torque variations. 

, AM = 16.311 and back e.m.f. = 3.25V @ 2000 r.p.m.; 
torque constant 5.9 mAlmNm; External components: 
A1 :;: 111 Cu, A2 = 20011 and R3 = 16 kIl; VREF = 1.13V (pin 
2 grounded); CSE = 2.2 "F and C3 = 0.47 "F. 

Parameter Conditions Max 

Motor Speed Deviation Vs=5V to 10V :to.5% 
(Voltage) Vs=5V to 20V :t 1.0% 

Motor Speed Deviation IM=25 mA to 125 mA ±1.0% 
(Load) 

Motor Speed Deviation T= +5°C to +35°C 1.0% 
(Temperature) 

Connection Diagram 

INVERTING INPUT AI 

REMOTE PAUSE CONTROL 

GROUND 

T= -15°C to +55°C 3.0% 

Dual·ln·Llne Package 

10 NON.INVERTING INPUT A2 

TOP VIEW 

Order Number LM1014N 
or LM1014AN 

See NS Package N10B 
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INVERTING INPUT A2 

TORQUE COMPENSATIONI 
SHORT CIRCUIT PROTECTION 

OUTPUT A1 

POSITIVE SUPPL Y 



~National 
~ Semiconductor 

LM1801 Smoke Detector 
General Description 
The LM1801 is designed to provide the functions of an 
ionization type smoke detector as specified by U L217. 
Though primarily designed to operate from a 9V alkaline 
battery, provision is made' for operation at supplies up 
to 14V and for line operation. 

Low battery threshold, alarm threshold, hysteresis and 
stand-by current drain are externally programmed by 
resistors. The LM1801 includes a ,power transistor 
capable of directly driving a typical 85 d8 horn. The 
ionization chamber requires an external FET buffer. 

A parallel alarm output is provided to enable up to 8 
similar detectors to be connectea, in paraii~i. ill ,iii. 
mode, a fault on, the line cannot prevent local operation. 
The low battery alarm signal is confined to the local 
unit. 

A 6V regulated output is provided for the chamber and 
F ET supply and a second output with a different temper
ature coefficient is available for' the alarm threshold 
potentiometer. This allows compensation of JFET drift. 

Block and Connection Diagram 

Industrial Blocks 

Features 
• U L component recognized 
• 9V to 14 V operation 

• Direct drive to horn 

• Clamp diodes on chip 
• Internal zener for line operation 
• JFET and MOSFET compatible 
• Parallel alarm capability 
• Low stand·by current drain 

Applications 
• Domestic smoke detectors 
• Line operated smoke detectors 

• Gas detectors 
• Intrusion alarms 
• Battery operated detectors 

Dual-ln·Line Package 

TIMING BATTERY PARALLEL 
CAPACITOR GNO SENSE SENSE ALARMS VCC 

14 12 

LM1801 ---_ ............ 
LOW BATTERY 

DETECTOR 
AND OSCILLATOR 

REF 

BIAS AND 
REGULATOR 

3 

SET BIAS VREFI 
COMPARATOR 

INPUT 
CURRENT 

Order Number LM1801 N 
See NS Package N14A 

9-73 

HORN 
DRIVE 



Absolute Maximum Ratings 

Supply Voltage 14V 
Input Voltage -o.3V to 14V 
Input Differential Voltage ±14V 
Power Dissipation (Note 1) 300mW 
Operating Jemperature Range 0°Cto'+70°C 
Storage Temperature Range -65°C to +125°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Comparator 

Input Offset Voltage 3 15 mV 

Input Bias Current 3 10 nA 

Input Offset Current 0,5 3 nA 

Pin 6 Output Low ISINK = 100 IJA 1.5 2.0 V 

Output Stage (Pin S) 

Leakage Current 45 500 nA 

Saturation Voltage Is=200mA O.g 1.3 V 

Saturation Voltage' IS = 500 mA 1.a V 

Common Alarm Line (Pin 10) 

Drive Capabilities V4>V5 

Output Voltage High 6.0 6.5 V 

Output Current Vl0= O.OV 4.0 6.5 mA 

Driver Requirements V5>V4 

Input Voltage 3.6 V 

I nput Current va = 1.5V, la = 200 mA 0.4 mA 
\ 

Regulator 

Pin 2 Reference Voltage 12= 1 IJA 5.4 5.a 6.4 V 

Temperature Coefficient 5 mV/oC 

Pin 3 Reference Voltage 12= 13= 1 IJA 4.a 5.3 5.a V 
-' 

Temperature Coefficient 7 mVtC 

Battery Check Oscillator 

Threshold Voltage (Pin 12) 5.5 6.0 6.5 V 

Period VCC= 7.5V, Cl = 10IJF 2a 42 50 Sec 

Beep Pulse Width VCC = 7.5V, Cl = 10 IJF 30 ms 

Supply Current (Note 3) 7 9 p.A 

Zener Clamp Voltage, Vg Ig= 1 mA 14 14.5 17 V 

Note 1: For operating at elevated temperatures, the device must be derated based on a 12SoC maximum junction temperature and a thermal 
resistance of 187°C/W junction to ambient. 
Not. 2: RSET = 10 Mn, Vce =9V, TA =,2SoC, (Figure 1). 

Not.3: Stand-bY mode. JFET is biased for lOS = 1 J.lA. 
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Application Hints 

The LM1B01 is biased by a group of current sources 
which are controlled externally by a fixed resistor. 
In normal operation the stand·by current drain is nom
inally 6 times the set current at pin 1. The voltage at 
pin 1 is 2 diode drops below the positive supply voltage. 
The total stand· by current drain of the smoke detector 
will include, in addition to the above, the current drawn 
by the external circuits connected at pins 2, 3 and 12. 
These comprise the resistive dividers used to set the low 
battery threshold and alarm threshold plus the bias 
current in the ionization chamber and FET buffer. 

The low battery threshold issetby R1 and R2 (Figure 1). 
Select these values so that the voltage at pin 12 is equal 
to the oscillator trip voltage when the battery voltage is 

TO COMMON 
ALARMS 

Cl 
10j.lF 

RSET 
10M 

14 13 

R2 
7.5M 

12 

'::" LM1801 

LOWBAITERY 
DETECTOR 

AND OSCILLATOR 
REF 

BIAS AND 
REGULATOR 

R3 
4.7M 

R5 
51k 

RI 
2.7M 

l 

at the low limit at which the low battery alarm is to 
operate. The given values provide a warning at about 
B.2V. 

Hysteresis can be provided by RS, giVing an added 
degree of noise immunity in high noise environments. 

Figure 2 is a suggested PC board layout for the circuit of 
Figure 1. 

Parallel operation of 2 or more units is easily achieved 
with a pair of wires connecting pin 10 of each unit and 
ground. In this mode, every alarm will sound should any 
single unit detect smoke. 

'SUPPLY -

9V + 
MALLORY MNI6D4 -=

PANASONIC 006P -=
OR EQUIVALENT 

+ C3 
470.F 

FIGURE 1. 9V Battery Operated Ionization Type Smoke Detector 
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Application Hints (Continued) 

FIGURE Z. Smoke Detector PC Board Layout (Not to Scale) 

,4 

RA 
CLAIREX 

CL·7905 

RSET 
'OM 

RB 
lk 

BIAS AND 
REGULATOR 

R' 
5,Ok 

R3 
8.2 

LEO 1 

~~NSL5020 

RI 
2k 

TO 
COMMON 
ALARMS 

R7 
6.8k 

01 

'20V 
HORN 

FIGURE 3. Line-Operated Photo· Electric Smoke Alarm Using Light Sensitive' 
Raslstor IInclud •• Oeta.tion of OpanoCir.ulted LED) . 
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~National 
~ Semiconductor 
LM1812 Ultrasonic Transceiver 
General Description 
The LM1812 is a general purpose ultrasonic transceiver 
designed for use in a variety of ranging, sensing, and com· 
munications applications. The chip contains a pulse· 
modulated class C transmitter, a high gain receiver, a 
pulse modulation detector, and noise rejection circuitry. 

A single LC network defines the operating frequency for 
both the transmitter and receiver. The class C transmitter 
output drives up to 1A (12W) peak at frequencies up to 
325 kHz. The externally programmed receiver gain pro· 
vides a detection sensitivity of 200 p.Vp·p. Detection clr· 
cuitry included on·chip is capable of rejecting Impulse 
noise with external programming. The detector output 
~inkQ IIntn1A _ ..... - -r --

Applications include sonar systems, non·contact ranging, 
and acoustical data links, in both liquid and gas ambients. 

Features 
• One or two·transducer operation 
• Transducers interchangeable without realignment 

Typical Application(v+ = 12V) 

Industrial Blocks 

• No external transistors 
• Impulse noise rejection 
• No heat sinking 
• Protection circuitry included 
• Detector output,driyes 1A peak load 
• Ranges in excess of 100 feet in water, 20 feet in air 
• 12W peak transmit power 

Applications 
III Liauld level measurement 

• Sonar 
• Surface profiling 

• Data links 
• Hydroacoustic communications 
• Non·contact sensing 
• Industrial process control 

V+'O-----------------t---------~L~l-------1~~----------------------------------, 
.- -- - CAH·1A901HM 

1.5 nF 

C13 
250 ~F 

+16V .C18 
2.2 nF 

30 

16 

HC 

14 

T14 

=====1:10 

~70~116V ~ON 

tNote: Echo returns are displayed by a neon lamp on a motor driven disc. Connections to the neon are made through brushes and slip rings. 
Rotating with and counterbalancing the neon lamp Is a permanent magnet whose field Induces a pulse in a stationary coli (L8) as It passes by. 
This pulse keys the LM1812's transmitter . 

• Available from Toko America, Inc., 5520 West Touhy Avenue, Skokie, illinois 60077 Tel. (312) 677·3640 

•• Available from Massa Products Corporatio,n, 280 Lincoln Street, Hingham, Massachusetts 02043 Tel. (617) 749·4800 

FIGURE 1. 200 kHz Depth Sounder,S Feet to 100 Feet 

9·77 



Absolute Maximum Ratings 
Supply Voltage, V+ (Pin 12) 

Power Dissipation (Note 1) 

Peak Current (Pins 6,14) 

Input Current(Plns4, 8) 

Operating Temp.erature . 
Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

18V 

700mW 

1A 

50mA 
0·Cto70·C 

-65·Cto + 150·C 

300·C. 

Electrical Characteristics rJ+ = 12V, TA = 25·C, unless otherwise noted) 

Parameter Conditions Min 

Input Sensitivity Figure 2 

Transmitter Output, VSAT 16=1A 

Transmitter Output Leakage V6=36Y 
V8=OV 

Detector Output, VSAT 1,4=1A 

Detector Output Leakage V14=36V 

Transmitter Key Threshold 18=1 mA 0.55 

Supply Current 11+112 5 
Receive Mode 

. V8 for Receive Mode 

Maximum Operating Frequency Transmit Mode 200 

Typ Max Units 

200 600_ I'Vp·p 

1.3 3 V 

0.Q1 mA 

1.5 3 V 

0.Q1 1 mA 

0.7 0.9 V 

8.5 20 mA 

0.3 V 

325 kHz 

Note 1: For operating at high temperatures, the LM1812 must be derated based upon a 125°C maximum junction temperature and a thermal resistance of 
120 0 C/W which applies far the device soldered in a printed circuit board and operating In'8 still air ambient. Due to \he low duty cycle operation, qnly a small 
average power is dissipated in the package. 

Test Circuit 
V+=I~o-------~~----------------------~------~~-, 

t 
I 1.35 mH 47k 470 pF 1.0k 

1 . 12 

Yo 14 

LM1B12 

fiN ",200 kHz 

Input sensitivity = minimum VIN for Vo to go low 

FIGURE 2. Sensitivity Test Ci{cuit 
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Application Hints 
EXTERNAL COMPONENT DESCRIPTIONS 

Pin Component Typical Values. Pin Description Component Function 

1 Ll, Cl 500JLH-50 mH Second gain stage outputl Set the operating frequency (fo) for 
·250 pF-2.2 nF transmitter oscillator the transmit oscil/ator and receiver 

2 C2 500 pF-1O nF Second gain stage input Couples first and second gain stage 

3 R3 5.1 kO First gain ·stage output Terminates emitter·follower output 

4 C4 100 pF-l0 nF First gain stage input Input coupling for the first gain stage 

6 L6 50JLH-l0 mH Transmitter output Matches LM1812 to the transducer 

7 - - Transmitter driver -
8 R8 1 kO-l0 kO Transmitter key Current limiter for keying pulses up to 12V 

9 C9 100 nF-l0 JLF Receiver second stage delay Sets the receiver turn·on delay after 
transmit (Figure 10) 

11 Cll 220 nF-2.2 JLF Detector output duty cycle limit Limits the duty cycle of the detector 
output (short to ground to defeat) 

13 C13 100 JLF-l000 JLF Transmitter supply decoupling Decouples the transmitter power supply 
... 

14 T14 Lp~50 mH Detector output Drives neon display lamp 
Ns/Np=10 

16 - - Output driver -
17 R17, C17 22k-Open Pulse integrator Controls integration time constant 

10 nF-l0 JLF (Figure 13) 

18 C18 1 nF-l00 JLF Pulse Integrator reset Controls integrator reset time constant 
(Figure 14) 

TRANSDUCERS 

The 1110st common transducer used with the LM1812 is the Transducer ringing is a troublesome phenomenon of 
piezo-ceramlc type which is electrically similar to a quartz single transducer systems. After a transducer has been 
crystal. Plezo-ceramic transducers are resistive at only electrically driven in the transmit mode, some time is reo 
two frequencies, termed the resonant and antiresonant(fr, quired for "the mechanical vibrations to stop. Depending 
fa) frequencies. Elsewhere these transducers exhibit on the amount of damping, this ringing may last from 10 to 
some reactance as shown in Figure 3. 1000 cycles. This mechanical ring produces an electrical 

Signal strong enough (>200 JLVp.p) to hold the detector 

~ 9(f' 
INDUCTIVE ON, thus masking any echo signals occurring during this 

I (a) time. 
0: 

~ ....... 0..- 911" 
CAPACITIVE A solution to this ring problem is to varY the receiver gain 

from a minimum, just after transmit, to a maximum, when 
the ring signal has dropped below the full·gain detection 

w threshold. Since near·range echo signals are much 
co 

1\ / ~ stronger than ring signals, close echoes will still be = !iii (b) detected In spite of the reduped gain . .. .. Rr :Iii The gain Is varied by attenuating the signal between pins 2 
Ir 

I 
I. and 3 of the LM1812. Figure 4 shows such an arrangement. 

FIGURE 3. Phase and Magnitude 
of Transducer Impedance I I 

,,~ 
8 

For transmitting (to maximize electrical to mechanical 
C2 J174* 

efficiency), the transducer should be operated at its reso· 10k 

nant frequency. For receiving (to maximize mechanical to 

>-f " • ,~ • 
electrical efficiency), optimum operation is at antireso· r-+-o 1!~::rL 
nance.ln two·transducer systems the resonant frequency 
of the transmit transducer is matched to the anti resonant ...... P8 

frequency of the receiver. 

5.~:· R TC 

• Available from Nat/onal 

The LM1812 is primarily used with a single transducer per-
Semlco"nductor Corporation 

forming both transmit and receive functions. In this mode, 
maximum echo sensitivity will occur at a frequency close 
to resonance. FIGURE 4. Time Variable FET Attenuator 
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Application Hints '(Continued) , 

An externally generated 12V pulse (Figure 17) keys the 
transmitter and activates the attenuator. This pulse 
charges C to a voltage set by P8, turning the FET OFF. C 
slowly discharges through R, decreasing the gate voltage, 
which In turn decreases the attenuation of the signal 
passing from pin3 topin2. RandCare selectedsothatthe 
FET is not completely turned ON until all detectable ring
ing has stopped. The duration of the ring is rarely specified 
by the transducer manufacturer and must be experimen
tally determined_ 

When designing an ultrasonic ranging system, three 
transducer, parameters are very Important: 

1) resonant Impedance (RT in Figure 3b) 
2) maximum peak-to-peak voltage 
3) resonant frequency, f, 

This data, used In conjunction with the curves given in 
Figure 6, results in a functional output stage design. 

TRANSMITTER 

The transmitter (Figure 5) consists of an oscillator, a 1 /ls 
one-shot, and a power amplifier. 

When the transmitter is keyed ON at pin 8 the L1-C1 tank is 
switched to the oscillator mode. An on-chip 1 /lS one-shot 
is triggered with each cycle of the oscillator and, in turn, 
drives a power amplifier. This one-shot has a reset time of 
2/ls, limiting the maximum operating frequency to about 
325 kHz. A transformer couples the transducer to the out
put stage. 

The oscillator frequency Is set by L 1-C1 and can be 
calculated from 

f _ 1 
0- 271' y'L1C1 

The L1-C1 tank must have a minimum Rp of 10 k!l where 

Rp=271'foQL1 

and Q = unloaded Q of L1-C1 tank. 

TRANSMIT 
KEY 

The output transformer (L6) is designed with the aid of 
Figure 6. Curves are shown for two common frequencies: 
40 kHz and 200 ,kHz. For a given load impedance (RT, 
Figure3b), a turns ratio for LS is determined. In order not to 
exceed the transducer's specifications, the peak-to-peak 
output voltage may need to be adjusted using the 
equation: 

Vp-p=2V+ (~:) 
To ensure that the output stage is not overloaded, a cur
rent measurement must be made at pin S. While the first 
few pulses of each transmit period may reach 2A or3A, the 
steady-state current spikes must not exceed 1A. Current 
spikes are reduced by decreasing the turns ratio of LS. 

The secondary of LS tunes with CS at the operating fre
quency, fo. 

co 
Ii = .. 
z = :::0 .... 
~ 
I 

~I:I!' 

6:1 ./ 200 kHz 

5:1 

4:1 
40 kHz 

3:1 

2:1 

1:1 

o 
100 lk 10k 

lIT-LOAD RESISTANCE {OJ 

FIGURE 6_ L6 TUrns Ratio ' 
vs Load Resls~ani:e 

FIGURE 5. Transmitter 
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Application Hints (Continued) 

Where additional power is desired, a pulse amplifier or a 
pulse stretcher can be used as shown in Figure 7. The 
pulse amplifier (Figure 7a) Increases output current up to 
SA. The pulse stretcher (Figure 7b) increases output cur· 
rent and pulse width. The wider pulse of Figure 7b is . 
especially useful at lower frequencies where the relatively 
narrow 1 P.s pulse creates a large peak current demand for 
a given power level. Pulse width as a function of R Is 
plotted in Figure B. 

Pin 8 performs the function of switching the LM1812 into 
either the transmit or receive mode. 'When pin 8 is held 
high, the chip is in the transmit mode. When held 10w,It is 
in the receive mode. The Input current at pin 8 should be 
designed to operate within a 1 mA-10 mA range. 

RECEIVER 

The receiver section (Figure 9) contains two separate gain 
.. ' .. !)es. 

In some applications large voltages are applied across the 
transducer during transmit. Since the receiver input is 

10 

1 

C6 TRANSDUCER 

FIGURE 7a. Pulse Amplifier 

/ 

/ 

V 
1 2 4 8 1D 

PULSE WIDTH (pS) 

FIGURE 8. Pulse Stretcher 
Resistance vs Pulse Width 

coupled to the transducer, some protection is necessary 
to limit the input current spikes to less than 50 mA. Where 
the voltage across the transducer is less than 200 Vp·p, a 
C4 reactance of 5 kll at the operating frequency Is ade· 
quate protection. Above 200 Vp·p, a 5 kll resistor should be 
inserted in series with C4. 

Since the L1·C1 tank circuit is shared with the oscillator, 
both the transmitter and receiver are always tuned 
to the same frequency. The second stage voltage gain is 
given by: 

Av = Q. !IT' 
70./ C1 

where Q = unloaded a of L 1·C1 tank. 

When the LM1812 is In the transmit mode, the second gain 
stage is turned OFF. When switching back to the receive 
mode, the gain stage does not turn ON immediately, but in· 
..lead turns ON after a slight delay as programmed by C9. 
This delay blanks the receiver (and therefore the detector) 
momentarily, giving the transducer time to stop ringing. 

FIGURE 7b. Pulse Stretcher' 

C4 

t 
ILl 
I 

o-i 

AV=24dB 

FIGURE 9. Receiver Section 
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Application Hints :(Contlnued) 

Delay as a function of C9 is plotted In Figure 10. The sec· 
ond gain stage may be shut OFF independently of pin 8 by 
pulling pin 9 low. 

Due to the high gain of the receiver, care must be taken to ' 
avoid oscillations. Oscillation problems are reduced by 
keeping the components associated with pins 1 and 4 weil 
separated (Figure 11). The transducer must,be connected 
to the circuit with shielded cable. This not only helps avoid 
oscillation, but also reduces electrical noise pick·up. As a 
last resort, receiver gain can be reduced with R3 as in 
Figure 1. 

100 

! 
10 

~ 
co 
iii 
> 

~ 
'" 

C9IpF) 

FIGURE 10. Receiver Delay vs C9 

FROM 
PIN 1 

h7 

y+ 

PULSE DETECTOR 

The pulse detector circuitry (Figure 12) consists of five 
distinct stages: 1) threshold detector, 2) pulse integrator 
reset, 3) pulse integrator, 4) output driver, 5) power output 
stage. 

The detector (Q1, Q2) switches on all pin 1 signals that ex· 
ceed 1.4 Vp·p. Since noise pulses are also detected, filter· 
ing Is done by an integrator stage, C17 and R17, whose 
time constant is typically 10% to 50% of the transmlttime. 
Integration starts when Q3 turns OFF, which occurs at the 
same moment Q1 and Q2 detect a signal. Pins 16 and 14 go 
low after the integration delay. 

C4 

LMl812 
COMPONENT SIDE 

FIGURE 11. Component Side of Layout Showing 
Isolation of Receiver Input and Output 

HIT 

------4_~~----~~~~--~~----4_------~----_'~15 
(1) (2) (3) (4) (5) 

FIGURE 12. Simplified Circuit Diagram of Detector 
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Application Hints (Continued) 

When the voltage at pin 1 becomes too small to activate 
the detector ( <1.4 Vp-p), the integrator is reset by Q3 after 
a delay introduced by C18. A delay of 1 to 10 cycles of the 
transmitted frequency is typical. These integration and 
reset delays, as a function of the external component 
values, are shown in Figures 13 and 14 .. 

Pin 16 provides a CMOS compatible logic output. For driv
ing hlgh·intenslty displays, pin 14 will sink up to 1A. When 
driving a transformer such as T141n Figure 1, It Is possible 
for the primary current to Integrate up to destructive levels 
under conditions of multiple echo reception. Pin 11 Is 
employed to protect the power output (pin 14). C11 in· 
tegrates an Internal current source while pin 14 Is low. 
When V11 reaches a 0.7V threshold, the second gain stage 
Is turned OFF. With the receiver OFF, no signal will be ap· 
plied to the detector, and pin 14 will turn OFF. After another 

10 I I IIII I IIII 111111 Jffi 
! 
~ 
co 
ill 0.1 

~ 
ffI !is o.ot 

1/1 

~~ ~ ~~ {l: 
~ ~~ ~ "# <0-.-" 

~r 

10 

10 
.::. 

~ 
~ 
IU 
!il 
'" 
~ 0.1 

I!! 
l!i 

o.Oot 
0.1 10 100 1000 10 100 

et7 (nF) et8 (nF) 

delay C11 is discharged and the receiver is then again ac· 
tivated. With C11 = 680 nF and a continuous echo return, 
the receiver will cycle ON and OFF every 6 ms. This func
tion can be defeated by grounding pin 11. 

TYPICAL OPERATION 

Figure 15 shows typical waveforms at pins 1 and 16 for 
200 kHz operation, with pin 9 left open. The pin 1 oscillator 
signal (5 Vp-p) lasts for 200 I"S. The next 900 I"S show a ring 
signal so strong that it is clipped by the receiver. The ex
ponential nature ,of the decaying ring Is seen for the next 
500 I"s. An echo return appears at 3.9 ms. Note that the 
detector is held low during the transmit period and for the 
duration of the ring. 

PIN 1, 5V/DIV 

PIN 16, 5V/DIV 

1000 

TIME = 500 pSI DlV 

FIGURE 13. Integration 
Delayvs C17 

FIGURE 14. Integrator 
Reset Delay vs C18 

FIGURE 15. Typical 
Transmit/Receive Waveforms 

V+=12Vo---t---.... _-----, 

817 
47k 

et7 
10 nF 

Ll =CAN·1A901HM (Toko) 

L6 = 719VXA·A018YSU (Toko) 

x = R283E (Massa Producls) 

+ 
I 
I 

LM1B12 

R3 
5.1k 

13 

t I L6 6 

I 
I 
I 
I 

+ et3 I 
470 ".F 

C6 
1.5 nF 

FIGURE 16. 200 kHz Ultrasonic Ranging System for 4 Inches to 6 Feet in Air 
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Application Hints (Continued) 

V+=l~o--1~----~------~'-~------------------------------------"------, 

817 
47k 

C17 
100 nF 

t 
I 

LMl812 

. L 1 = CLN·2A900H M (TOkoj 

L6 = 719VXA·A017 AO (Toko) 

R3 
5.1k 

13 

t 
I L~6 ::--+-_.., 
I 3 

I 
I 
I 

+ C13 I 
470~F 

R8 
10k 

x 

LM555 

C6 
15 nF 

x = EFR·OAB40K4 (available from Panasonlo Company, 1 Panasonlc Way, Secaucus, NJ 07094, Tel. (201)'348·5256) 

FIGURE 17. 40 kHz Ultrasonic Ranging System Covering a Range of 3 Feet to 20 Feet 
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II?'A National 
~ Semiconductor 

Industrial Blocks 

LM1815 Adaptive Sense Amplifier 

General Description 
The LM1815 is an adaptive sense amplifier and default 
gating circuit for motor control applications. The sense 
amplifier provides a one-shot pulse output whose leading 
edge coincides with the negative-going zero crossing 
of a ground referenced input signal such as from a 
variable reluctance magnetic pick-up coil. 

In normal operation, this timing reference signal is 
processed (delayed) externally and returned to the 
LM1815. A logiC input is then able to select either the 
timing reference or the processed signal for transmission 
to the. output driver stage. 

The adaptive sense ampl ifier operates with a positive
going threshold which is derived by peak detecting the 
incoming signal and dividing this down. Thus the input 
hysteresis varies with input signal amplitude. This 
enables the circuit to sense in situations where the high 
speed noise is greater than the low speed signal ampli
tude. Minimum inp,ut signal is 100 mVp-p. 

Connection Diagram 

Features 
• Adaptive hysteresis 

• Single supply operation 

• Ground referenced input 

• True zero crossing timing reference 
I 

• Operates from 2V to 12V supply voltage 

• Handles inputs from 100 mV to over llUV witn 
external resistor 

• CMOS compatible logic 

Applications 
• Position sensing with notched wheels 

• Zero crossing switch 

• Motor speed control 

• Tachometer 

• Engine testing 

Dual-In-Line Package 

RC 
TIMING 

NC 

TIMING 
REFERENCE MODE GATED PULSE 

NC PULSE OUT SELECT OUTPUT INPUT v, 

GND SIGNAL 
INPUT 

NC THRESHOLD NC PEAK 
ADJUST DETECTOR 

TOP VIEW 

Order Number LM1815N 
See NS Package N14A 
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Absolute Maximum Ratings 
Supply Voltage 
Power Dissipation (Note 11 
Operating Temperature Range 
Storage Temperature Range 
Junction Temperature (Note 2) 
Input Current , 

12V 
230mW 

-40°C to +125°C 
--i35°C to +150°C 

125°C 
±30mA 

~Iectrical Characteristics (TA = 25°C, VCC = 10V, unless otherwise specified, see Figure 11 

PARAMETER 

Operating Supply Voltage 

Supply Current 

Reference Pulse Width 

Input Bias Current 

Input Bias Current 

Input Impedance 
\ 

Zero Crossing Threshold 

Logic Threshold 

VOUTHigh 

VOUT Low 

Input Arming Threshold 

Output Leakage Pin 12 

Saturation Voltage P12 

CONDITIONS 

fiN = 500 Hz, Pin 9 = 2V, Pin 11 70.BV 

fiN = 1 Hz to 2 kHz 

VIN = 2V, (Pin 9 and Pin 11) 

VIN = OV dc, (Pin 3) 

VIN = 5Vrms, (Note 3) 

VIN = 100 rnVp·p, (Pin 3) 

(Pin 9 and Pin 11) 

RL =1 kSl, (Pin 10) 

ISINK = 0.1 rnA, (Pin 10) 

Pin 5 Open, VIN :5 135 mVp-p 

Pin 5 Open, VIN ~ 230 mVp-p 

Pin 5 to V+ 

Pin 5 to Gnd 

V12= 11V 

112=2mA 

MIN 

2.5 

70 

12 

0.8 

7.5 

45 

40 

250 

-25 

TYP MAX 

10 ,12 

3.6 

100 130 

5 

200 

20 2~, 

25 

1.1 2:0 

8.6 

O.j 0.4 

60 

80 90 

25 

0.01 10 

0.2 0.4 

UNITS 

V 

mA 

/lS 

/lA 

nA 

kSl 

rnV 

V 

V 

V 

mV 

% of V3 Pk 

rnV 

mV 

/lA 

V 

Note 1: Derate at 5.7 mWfC for ambient temporatures obove 85°C. This applies when the dovice is soldered into a printed circuit boatd, 
operatihg in still air ambient. . . 

Nota 2: TemporClry excursion:i to 150Q C can be tolerated. 
Note 3: Measl!red at input to external 18 krl resistor. Ie contains 1 krl in series with a diode to attenuate the input signal. 

RC 
TIMING 

I&Ok 

v' 
REFERENCE 
PUUEOUl 

TIMING 
MODE GATED PULSE 

SELiCT OUTPut INPUT 

... 

FIGURE 1. LM1815 Adaptive Sense Amplifier 

LM1815 

PEAK 
DETECTOR 
CAPACITQR 

9-86 

100~s 
REFERENCE 

PULSE 
OUTPUT 

NDlsn 
INPUT 

SIGNAL 

INPUT 
THRESHOLD 
VOLTAGE 

I 

FIGURE 2. LM1815 Oscillograms 
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~National' Industrial Blocks 
~ Semiconductor 

LM1830 Fluid Detector 

General Description Features 
• Low external. parts count 
• Wide supply operating range 

The LM1830 is a monolithic bipolar integrated circuit 
designed for use in fluid detection systems. The circuit is 
ideal for detecting the presence, absence, or level of 
water, or other polar liquids. An ac signal is passed 
through two probes within the fluid. A detector deter
mines the presence or absence of the fluid by comparing 
the resistance of the fluid between the probes with the 
resistance internal to the integrated circuit. An ac signal 
is used to overcome plating problems incurred by using a 
dc source. A pin is available for connecting an external 
resistance in cases where the fluid impedance is of a 
different magnitude than that of the internal resistor. 
When the probe resistance increases above the pres~t 
value, the oscillator signal is coupled to the base of the 
open-collector output transistor. In a typical application, 
the output could be used to drive a LED, loud speaker 
or a low current relay. 

• One side of probe input can be grounded 
• ac coupling to probe to prevent plating 
• Internally regulated supply 
• ac or dc output 

Applications 
• Beverage dispensers 
• Water softeners 
• Irrigation 
• Sump pumps 

• Aquaria 

Logic and Connection Diagrams 

Vee 

OSC 
CA. 

FILTER 
CAP 

Metal Can Package 

GN. 

TOP VIEW 

Order Number LM1830H 
Sea NS Package H10C 

Dual-In-Line Package 
OSCILLATOR 

OUTPUT 
IRREF) OUTPUT GNO 

DETECTOR FILTER 
INPUT CAP NC 

OSCillATOR NC NC Nt OSCillATOR ~c OSCILLATOR 
CAPACITOR OUTPUT CAPACITOR 

TOP VIEW 

Order Number LM1830N 
Sae NS Packago N14A 
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• Radiators 
• Washing machines 
• Reservoirs 
• Boilers 



Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (Note 1) 
Output Sink Current 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

28V 
300mW 

20mA 
-40°C to +85°C 

-40°C to +150°C 
300°C 

Electrical Characteristics (v+ = 16V, TA = 25°C unless otherwise specified) 

PARAMETER CONDITIONS MIN TYP 

Supply Current 5.5 

Oscillator Output Voltage 

Low 1.1 

High 4.2 

I nternal Reference Resistor 8 13 

Detector Threshold Voltage 680 

Detector Threshold Resistance 5 10 

Output Saturation Voltage lo=10mA 0.5 

Output Leakage VplN 12 = l6V 

Oscillator Frequency Cl = O.OOl!LF 4 7 

MAX 

10 

25 

15 

2.0 

10 

12 

UNITS 

mA 

V 

V 

kQ 

mV 

kQ 

V 

!LA 

kHz 

Note 1: The maximum junction temperature rating of the LM 1830N is 1500 C. For operation at elevated temperatures, devices in the dual-in-line 
plastic package must be derated based on a thermal resistance of 17SoC/W. 

Schematic Diagram 

VCC 

14 

~~ 

OSCILLATOR 
OUTPUT 

? 
1 

C1 

OSCILLATOR 
OUTPUT 
(RREFi 

13 

13k 

.. .... 

_t 
GNO 

OPTIONAL 
OETECTOR FILTER 

INPUT CAPACITOR OUTPUT 

10 12 

~4:;1-*t: 

r1 )~ 
7 

C1 
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Application Hints 
The LM1830 requires only an external capacitor to com
plete the oscillator circuit. The frequency of oscillation 
is inversely proportional to the external capacitor value. 
Using O.OOl!iF capacitor, the output frequency is 
approximately 6 kHz. The output from the oscillator is 
available at pin 5. In normal applications, the output is 
taken from pin 13 so that the internal 13k resistor can 
be used to compare with the probe resistance. Pin 13 is 
coupled to the probe by a blocking capacitor so that 
there is no net dc on the probe. 

Since the output amplitude from the oscillator is 
approximately 4 VBE, the detector (which is an emitter 
base junction) will be turned "ON" when the probe 
resistance to ground is equal to the internal 13 kn 
resistor. An internal diode across the detector emitter 
base junction provides symmetrical limiting of the 
detector input signal so that the probe is excited with 
±2 VBE from a 13 kn source. In cases where the 13 kn 
re:;iSlUi i~ lIuL Cuiiit:iu~;~:': .... ::!~ !~~ ~!"~be !"e~!~1::~mr.A 

range, an external resistor may be added by coupling the 
probe to pin 5 through the external resistor as shown in 
Figure 2. The collector of the detecting transistor is 
brought out to pin 9 enabling a filter capacitor to be 
connected so that the output will switch "ON" or 
"OFF" depending on the probe re~istance. If this 
capacitor is omitted, the output will be switched at 
approximately 50% duty cycle when the probe resis
tance exceeds the reference resistanc~. This can be useful 
when an audio' output is required and the output 
transistor can be used to directly drive a loud speaker. 
In addition, LED indicators do not require dc excita
tion. Therefore, the cost of a capacitor for filtering can 
be saved. 

In' the case of inductive loads or incandescent lamp 
loads, it is recommended that a filter capacitor be 
employed. 

In a typical application where the device is employed 
for sensing low water level in a tank, a simple steel 
probe may be inserted in the top of the tank with the 
tank grounded. Then when the water level drops below 
the tip of the probe, the resistance will rise between the 
probe and the tank and the alarm will be operated. This 
is illustrated in Figure 3. In situations where a non
conductive container is used, the probe may be designed 
in a number of ways. In some cases a simple phono plug 
can be employed. Other probe designs include conduc
tive parallel strips on printed circuit boards. 

Conductive Fluids 

City water 
Sea water 
Copper sulphate solution 
Weak acid 
Weak base 
Household ammonia 
Water and glycol mixture 
Wet soil 
Coffee 
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It is possible to cal cui ate the resistance of any aqueous 
solution of an electrolyte for different concentrations, 
provided the dimensions of the electrodes and their 
spacing is known. 

The resistance of a simple parallel plate probe is given 
by: 

1000 d n 
R= 

c.p A 

where A = area of plates (cm2) 
d = separation of plates (cm) 
c = conce'ntration (gm. mol. equivalent/litre) 
p = equivalent conductance 

(n-1 cm2 equiv.-1) 

(An equivalent is the number of moles of a substance that 
gives one mole of positive charge and one mole of nega· 
Li;;~ i;:'iiii;':. !=:;;- ::::~~!~, ~~e ~0!':' nf r..l:1C,1 gives Na+ + 
CI- so the equivalent is 1. One mole of CaCI2 gives 
Ca++ + 2CI- so the equivalent is 1/2.) 

Usually the probe dimensions are not measured 
physically, but the ratio d/A is determined by measuring 
the resistance of a cell of known concentration c and 
equivalent conductance of 1. A graph of common 
solutions and their equivalent conductances is shown 
for reference. The data was derived from D.A. Macinnes, 
"The Principles of Electrochemistry," Reinhold 
Publishing Corp., New York., 1939. 

In automotive and other applications where the power 
source is known to contain significant transient voltages, 
the internal regulator 0(1 the LM1830 allows protection 
to be provided by the simple means of using a series 
resistor in the power supply line as illustrated in Figure 4. 
If the output load is required to be returned directly 
to the power supply because of the high current required, 
it will be necessary to provide protection for the output 
transistor if the ,voltages are expected to exceed the data 
sheet limits. 

Although the LM1830 is designed primarily for use in 
sensing conductive fluids, it can be used with any varia
ble resistance device, such as light dependent resistor or 
thermistor or resistive position transducer. 

The following table lists some common fluids which may 
and may' not be detected by resistive probe techniques. 

Non-Conductive Fluids 

Pure water 
Gasoline 
Oil 
Brake fluid 
Alcohol 
Ethylene glycol 
Paraffin 
Dry soil 
Whiskey 
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Application Hints (Gpntinued) 

Vee =16V 

510 

D.DO'pF ~ LED 

1. 12 

TIMING Vee 
CAP. 

FIGURE 1. Test Circuit 

Vee 
510 

FIGURE 3. Basic Low Level Warning Device 

with LED Indication 

Vee 
510 

O.OOlpF 
~ LED 

1. 12 

RREF TIMING Vee 
I-lOOk CAP. 

O.DS/.IF 

FIGURE 2. Application Using External Reference Resistor 
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PHOTO 
TRANSISTOR 

Vee 

FILTER GROUND 

11 
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Output is activated when Rp:> 1/3 RREF 

FIGURE 4. Direct Coupled Applicetions 



Typical Applications 

Vee 

4D'2 '''''500Hz 
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TIMING Vee 
CAP. 

Low Level Warning with Audio Output 

Vee 

OPTIONAL 

p~~~~~~~~~ 470 Zk 
RESISTOR 

O.OOlpF 

I. 
Vee 

The output ;s suitable for driving a sump pump 

or opening a drain valve, etc. 

High Level Warning Device 
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LM1851 Ground Fault Interrupter 

General Description 
The LM1851 is designed to provide ground fault protec' 
tion for AC power outlets in consumer and Industrial 
environments. Ground fault currents greater than a pre· 
setlable threshold value will trigger an external SCA· 
driven circuit breaker to interrupt the AC line and remove 
the fault condition. In addition to detection of conven· 
tional hot wire to ground faults, the neutral fault condi· 
tion Is also detected. 

Full advantage of the U.S. UL943 timing specification is 
taken to Insure maximum immunity to false triggering 
due to line noise. Special features include circuitry that 
rapidly resets the timing capaCitor in the event that noise 
pulses ,introduce unwanted charging currents and a 
memory circuit that allows firing of even a sluggish 
breaker on either half·cycle of the line voltage when 
external full·wave rectification is used. ' 

Block and Connection Diagram 

Vee 

SCR 
TRIGGER 

,TIMING 
CAPACITOR 

INVERTING 
INPUT 

Features 
• Internal power supply shunt regulator 
• Externally programmable fault current threshold 
• Externally programmable fault current integration time 
• Direct interface to SCA 
• Complies with U.S. UL943, yet adaptable to other 

standards 
• Operates under line reversal; both load vs line and hot 

vs neutral . 

• Detects neutral line faults 

SENSITIVITY 
SET RESISTOR 

NON·INVERTING 
INPUT 

SENSE AMPLIFIER 
OUTPUT 

GND 

TOPVIEW 

Order Number LM1S51N 
See NS Package NOSS 
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Absolute Maximum Ratings 
Supply Current 19mA 

570mW 
- 40·C to + 70·C 

Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range - 55·C to + 150·C . 
Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics TA=25·C, Iss=5 mA 

Parameter 

Power Supply Shunt 
Regulator Voltage 

Latch Trigger Voltage 

Sensitivity Set Voltage 

Output Drive Current 

Output Saturation Voltage 

Output Saturation Resistance 
.... I ........ __ .. ____ 1 ,... •• ____ ... 

UUl.tJu~ ~Al.gIIIQI VUII1O'II" 

Sinking Capability 

Noise Integration 
Sink Current Ratio 

Conditions 

Pin 8, Average Value 

Pin 7 

Pin 8 to Pin 6 

Pin 1, With Fault 

Pin 1, Without Fault 

Pin 1, Without Fault 

P!~ ~, ~"!!!~0~! ~~I....!lt • 

Vpln 1 Held to 0.3V, Note 4 

Pin 7, Ratio of Discharge 
Currents Between No Fault 
and Faull Conditions 

AC Electrical Characteristics TA =25·C, IS5=5 mA 

Parameter 

Normal Fault Current 
Sensitivity 

Grounded Neutral Fault, 
Resistance Sensitivity 

Normal Fault Trip Time 

Normal Fault with 
Grounded Neutral Fault 
Trip Time 

Conditions 

Figure 1, Note 3 

Figure 2 

5000 Fault, Figure 3, Note 2 

5000 Normal Fault, 
20 Neutral, Figure 3 
Note 2 

Min 

22 

15 

6 

0.5 

2.0 

2.0 

Min 

3 

3 

Typ 

26 

17.5 

7 

1 

100 

100 

5 

2.8 

Typ 

5 

18 

18 

Max Units 

30 V 

20 V 

8.2 V 

2.4 mA 

240 mV 

0 

rnA 

3.6 p.A/p.A 

Max Units 

7 mA 

ms 

ms 

Note 1: For operation In ambient temperatures above 25'C, the device must be derated based on a 125'C maximum Junction temperature and a thermal 
resistance of 175'CJW Junction to ambient. 

Note 2: Average of 10 trials. 

Nota 3: Required UL sensitivity tolerance Is such that external trimming of LM1851 sensitivity will be necessary, 

Nole 4: This externally applied current is In addition to the Internal "output drive current" source. ,-, 

' .. y-,M-,.-.--...... Z 100k °i7j.1F ..------'-1 c.. -IN !o=-1\IIi1\r--4 
I 

..-_+ _____ ':.jSCR <IN r!-6 . TRIGG~~1851 '800Hz "\; 

. ..! ~~~M~T RSEl r!--

• - _c, ~i'SSk, • 18 
vee .ND~·~--1"""_" --aDD2 1k 

+:-lOOmv L-__ ..,.,,',5M.,.,. __ --I 

- 31V 

T 

FIGURE 1. Normal Fault Sensitivity Test Circuit , 
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FIGURE 2. Grounded Neutral Fault 
Sensitivity Test Circuit 
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Typical Performance Characteristics. 
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Circuit Description 

5 10 15 20 25 30 35 

OUTPUT VOLTAGE@ VplNI (V) 

(Refer to Biock and Connection Diagram) 

The LM1851 operates from 26V as set by an Internal shunt 
regulator, 03. In the absence of a fault (If = 0) the feed
back path status signal (V s) Is correspondingly zero. 
Under these conditions the capacitor discharge current, 
1" sits quiescently at three times its threshold value, ITH, 
so that noise Induced charge on the timing capacitor will 
be rapidly removed. When a fault current, If, is Induced in 
the secondary of the external sense transformer, the 
operational amplifier, A 1, uses feedback to force a virtual 
ground at the input as it extracts If. The presence of If 
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• t:i8e tliaCK ulagram 

10M 

10 

0.1 

Pin 1 Saturation Voltage vs 
External Load Current, IL 

IL -EXTERNAL LOAD CURRENT (mA) 

during either half-cycle will cause V s to go high, which In 
turn changes 11 from 31TH to ITH. Although ITH discharges 
the timing capacitor during both half-cycles of the line, If 
only charges the capacitor during the half-cycle In which 
If exits pin 2. Thus during one half·cycle If-ITH charges 
the timing capacitor, while during the other half-cycle ITH 
discharges it. When the capacitor voltage reaches 17.5V, 
the latch engages and turns off 03 permitting 12 to drive 
the gate of an SCA. 
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Application Circuits 
Typical ground fault interrupter circuits are shown in 
Figures 3 and 4. They were both designed to operate on 
120V AC line voltage with 5 rnA normal fault sensitivity, 
and differ only In the technique used for grounded 
neutral detection. The "dormant oscillator" approach of 
Figure 3 will be used as a design example. 

A full-wave rectifier bridge and a 15k/2W resistor are used 
to supply the DC power required by the IC. A 1 "F 
capacitor at pin 81s used to f.ilter the ripple of the supply 
voltage and supply peak currents. The rectified line 
voltage is also connected across the SCR cathode and 
anode to allow firing of the SCR on either half-cycle. 
When a fault causes the SCR to trigger, the anode is 
taken to ground potential and a large current can flow 
through the breaker coli to pull the contacts open. Once 
opened, the fault condition Is removed and the discharge 
current 31TH (see Circuit Description and Block Diagram) 
resets both the timing capacitor and the output latch 
causing the SCR tei turn off. A 1000:1 sense transformer 
is used to detect ,the normal fault. The fault current, 
which is basically the difference current between the hot 
and neutral lines, is stepped down by 1000 and fed into 
the Input pins of the operational amplifier through a 10 "F 
capacitor. The 0.0033"F capacitor between pin 2 and pin 
3 and the 200 pF between pins 3 and 4 are added to obtain 
better noise immunity. The normal fault sensitivity is 
determined by the timing capacitor discharging current, 
ITH. ITH can be calculated by: 

(1) 

At the decision point, the average fault current just 
equals the threshold current, ITH. 

I II(rms) 091 
TH=-2- X ' (2) 

where II(rms) Is the rms Input fault current to the opera
tional amp and the factor of 2 Is due to the fact that II , 
charges the timing capacitor only during one half-cycle, 
whHe ITH discharges the capacitor continuously. The fac
tor 0.91 converts the rms value to an average value. Com
bining equations (1) ant! (2) we have 

RSET 
7Y 

II(rms) x 0.91 
(3) 

For exa'mple, to obtai,n 5 mA(rms) sensitivity for the cir
cuit in Figure 3 we have: 

7V 
RSET=( )= 1.5 MO 5mAxO.91 

1000 , 

(4) 

The correct valu~ for RSET can also be determined from 
the characteristic curve that plots equation (3). Note that 
this is an approximate calculation, the exact value of 
RSET depends on the specific sense transformer used 
and LM1851 tolerances. Inasmuch as UL943 specifies a 
sensitivity "window" of 4 mA-6 rnA, provision should be 
made to adjust RSET on a per-product basis .. 
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Independent of setting sensitivity, the desired Integra
tion time can be obtained through proper selection of the 
timing capacitor, Ct. Due to the large number of variables 
involved, proper selection of Ct Is best done empirically. 
The following design example, then;should only be used 
as a guideline. 

Assume the goal is to meet UL943 timing requirements. 
Also assume that worst case timing occurs during GFI 
start-up (S1 closure) with both a heavy normal fault and a 
20 grounded neutral fault -present. This situation is 
shown dlagramatically below. 

',( 0--!!2!. 

LINE "-' 

NEUTRAL 

GFI 

RG 
1.6 

HOT 

NEUTRAL 
!'""-

R8 
500 

t,!, RN 

(0.8111: 0.4. 

~----~~'~~.~~~--~I 
(0.211 

UL943 specifies s25 ms average trip time under these 
conditions. Calculation of Ct based upon charging cur
rents due to normal fault only is as follows: . 

s25 ms Specification 
- 3 ms GFI turn-on time (15k and 1 "F) 
- 8 ms Potential loss of on'e half-cycle due to fault 

current sense on half-cycles only 
- 4 ms Time required to open a sluggish circuit breaker 

s10 ms Maximum Integration time that could be 
allowed 

8 ms' Value of Integration time that accommodates 
component tolerances and other variables 

whereT = 
v= 

integration time 
threshold voltage 

1= average fault current into Ct 

1= C20v::(rms) 

, . 
heavY fault 

current generated 
(swamps ITH) 

~ 1 turn ~ 
x 1000 turns 

x ~:) 
. 

current Ctcharging 
division of on half-
input sense cycles only 
transformer 

x 

x 

(5) 

portion of 
fault current 

shunted 
around GFI 

(0.91) (6) 

rmsto 
average 

conversion 



Application Circuits (Continued) 

therefore: 
(7) 

[(~)X (~)X (1foo) XH-)X (O.91~XO.008 
Ct 17.5 

In practice, the actual value of Ct will have to be modified 
to include the effects of the neutral loop oscillation upon 
the net, charging current. The effect of neutral loop in
duced currents Is difficult to quantize, but typically they 
sum with normal fault currents, thus allowing a larger 
value. of Ct. For UL943 requirements, 0.Q151'F has been 

, found to be the best compromise between timing and 
noise. 

Typical Applications 

MDV LOAD { HOT 

, NEUTRAL o--+---t----(l .... "'-....:....----I 

CIRCUIT 
BREAKER 

For those GFI standards not requiring grounded neutral 
detection, a still larger value of capacitor can be used 
and better noise immunity obtained. The larger capacitor 
can be accommodated because RN and RG are not pres
ent, allowing the full fault current, I, to enter the GFI. 

The sense amplifier is capacitively coupled to a 200-turn 
coil in order to detect the grounded neutral fault. Choice 
of proper coil polarities causes a positive feedback loop 
to close in the presence of a low resistance grounded 
neutral fault and results in oscillation of the input 
amplifier. The timing capacitor receives charging current 
due to rectification of the oscillatory feedback currents 
caused by Q1 (see Block Diagram) only conducting on 
one half-cycle of the line. Eventuaily the capacitor 
voltage reaches threshold and the SeR is triggered. 

In Figure 4, grounded neutral detection Is accomplished 
by feeding the neutral coil with 120 Hz energy contin
uously and allowing some of this energy to couple Into 
the sense transformer during conditions of neutral fault. 

GNDfNEUTRAL 
COIL 

0.02 

7 TIMING 
CAP 

SENSE 
COIL 

-IN ~-..... O,OOll 

.----11--1--+--+---'-1' ~~~GGER +IN I"-----i~--' 

LMIB51 

..... -i--C,....:....5'"! g~:~:T RSET 200pF 

0,015 B 
...... -i----+-..-:-Ivcc GNDH_ ..... 

0,01l4oov 0.01 RSET* 

• Adjust RSET for 5 rnA sensitivity 

FIGURE 3. Dormant Oscillator Approach 
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Typical Applications (Continued) 
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CDIL 
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LOAD { HOT O ..... _M~O~V ___ + ___ o--:-t>-____ -I '--=:.;.-+-I-----------~ '--=;;';"+-I--O} LINE 
NEUTRAL ... ... 

0.01/400V 

CIRCUIT 
BREAKER 

0.01 

7 TIMING 
CAP 

1 SCR 
TRIGGER 

LM18S1 
5 OPAMP 

OUTPUT 

VCC 

RSET* 

l.O"F 
TANT 

-IN 

+IN 

RSET 

GNO 

10"F 
+ TANT 

200pF 

FIGURE 4. 120 Hz Neutral rransformer Approach 
• Adjust ASET for desired sensitivity 

Definition of Terms 
Normal Fault: An unlnt.entlonal electrical path, RB, be
tween the load terminal of the hot line and the ground, as 
shown by the dashed lines. 

{

HOT 

LINE NEUTRAL 

Grounded Neutral Fault: An unintentional electrical 
path between the load terminal of the neutral line and the 
ground, as shown by the dashed lines. 

LINE! 

NEUTRAL 

HOT 
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Normal Fault plus Grounded Neutral Fault: The com
bination of the normal fault and the grounded neutral 
fault, as shown by the dashed lines. 

{

HOT 

LINE NEUTRAL 

HOT 

GFI 

I 
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LM1871 RC Encoder/Transmitter 

General Description 

The LMI871 is a complete six·channel digital proportional 
encoder and RF transmitter Intended for use as a low 
power, non·voice, unlicensed communication device at 
carrier frequencies of 27 MHz or 49 MHz with a field 
~'r"n~th nf 10,000 !N/meter at 3 meters. In addition to radio 
controlled hobby, toy and industrial applications, the 
encoder section can provide a serial Input of six words for 
hard wired, Infra·red or fiber optic communication links. 
Channel add logic is provided to control the number of 
encoded channels from three to six, allowing Increased 
design flexibility. When used with the LM1872 RC 
receiver/decoder, a low cost RF linked encoder and 
decoder system provides two analog and two ON/OFF 
decoded channels .. 

Block and Connection Diagram 

Features 
• Low current 9V battery operation 

• On·chip RF oscillator/transmitter 

• One timing capacitor for six proportional channels 

• Programmable number of channels 

• Regulated RF output power 

• External modulator bandwidth control 
-' 

• On·chip 4.6V regulator 

• Up to 80 MHz carrier frequency operation 

Dual·ln·Line Package 

CH4 CH5 CH6 

CH3 CH2 CHI 

MOO MOO RF 
Rm VCC OUT FILTER OUT BIAS 

4.6V 
REG 

A B, 

CHANNEL 
ADD LOGIC 

TOP VIEW 

Order Number LM1871N 
See NS Package N18A 
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Absolute Maximum Ratings 
Supply Voltage +16V 
DC Current Out of Pin 4 10ll)A 

DC Current Ollt of Pin 13 25mA 
Package Dissipation lNote 1) 1.0W. 
Pin 4 Externally Forced 6V 
Operating Temperature Range -25·Cto +85·C . 

Storage Temperaiure Range -65·Cto +150·C 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics TA = 25 ·C, Vec = + 9V, see Test Circuit and Waveforms 

Parameter I Conditions I Min I Typ I Max·· I Units 

Encoder Section, Close li1, S2, S4 Open S3 

V14 Supply Voltage 4.5 9 15 V 

114 Supply Current Encoder Only 10 14 22 mA 

V4 Reference Voltage 4.1 4.6 5.1 . V 

tf Frame Time tf= RFCF+ 0.63RMOOCT 8 9.5 10.5 ms 

tm Mod Time tm = 0.63RMoOCT 0.4 0.5 0.6 ms 

tch Channel Time tch = 0.63RcHCT 0.4 0.5 0.6 ms 

ts Sync Time, Tx Channels 1·6 Close S1, Close S2 3.5 ms 

ts Sync Time, Tx Channels 1·5 Open S1, Close S2 4.5 ms 

ts Sync Time, Tx Channels 1·4 Close S1, Open S2 5.5 ms 

ts Sync Time, Tx Channels 1·3 Open S1, Open S2 6.5 ms 

At n Supply Rejection, tm + tCH INcc 6V to 12V 0.1 %/V 

dV13 Encoder Output Swing 3.8 Vp-p 

dV12 Mod Filter Output Swing 3.8 Vp-p 

112 Mod Filter Source/Sink Current 0.5 :!:mA 

R1N(B) Pulse Timer Input Resistance 27 MO 

ITH(7) Frame Timer Threshold Current. 0.1 p.A 

ILEAK(15) Mod Timer Leakage Current Pin 15 to OV 0.D1 1 p.A 

VSAT(15) Mod Timer Saturation Voltage 115 = 2 mA, (V4·V15) 120 240 mV 

ILEAK(CH) Channel Timer Leakage Current Pins 1,2,3, 16, 17, 18 to 4.6V 0.06 1 p.A 

VSAT(CH) Channel Timer Saturation Voltage ICH=2 mA 120 240 mV 

RF Oscillator Section, Collector Pin 11, Base Pin 10, Emitter Pin 9 Open S4 

VOUT RF Output Level Use RF Voltmeter Close S3 ·400 mVRMS 

114 Supply Current Open S~. S4 30 mA 

fl Transistor VeE = +5V. le= 10 mA 520 MHz 

VSAT(11) Transistor Saturation Voltage fo=49 MHz 800 mV 

HFE . Transistor DC Beta Ic=10mA' 75 150 300 

LV CEO Ic=10 jJA 16 20 .V. 

Note 1: For operation In ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
package thermal reSistance of 120°C/W Junction to ambient. 
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Test Circuit and Switching Time Waveforms 

Rm 
Uk 

RCH 
7.9k 

2k r--'YII'Ir-_ .... ___ ~P-________ -o~~~OOER 

RF IOOOpF 

RIOA 
39k 

RF OSC 
OFF 

L __ ,,9,.,O,.,k r-::,::,:::~----1""'---I ~ TO SCOPE 
RF OSC .-------- NEG SYNC 

Note: Test circuit has been configured for evaluation by oscilloscope. Use 1 % timing components. AM, ACH, AF, CT 

3BV~ ~ 'OV-- t 2 3 4 5 6 I 2 . l-~-l-tCH ~ts---l' 
Ll: Toko E523LN·7210019 type MCI17 7 112 turns with tap 2 114 turns from top 

VI: 49.86 MHz crystal 3rd overtone 

Encoder output (pin 13) close 51, S2, S4, 0.5 msldlv sweep 

Typical Performance Characteristics 
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Encoder Output Swing 
vs Supply Voltage 

- 6.4 rT"TTTT-r-r-.--rr,..,-,.,.-r-r 
l 5.0 1-++1H-+-l++-t++-+++-+-f 
~ 4.6 1-++1H-+-l++-t++-+++-+-f 
~ 4.2 1++++++t+H-t++++t 
~ 3.8 
5 3.4 H-+-IH-+-+++-++I-+-I-H-i 
'" 3.0 t+tI++-+++-++I-t+H-I 
~ 2~ t+i4++-+++-++I-t+H-I 
8 2.2 t+f-I++-+++-++I-t+H-I 
~ 1.8 f-HY-I++-+++-++I-t+H-I 
,., 1.4 1-+-1-1-++-+++-++1-++1-+; 
:;; 1.0 L.L.J....1...J...J...J....J...J...J..-l-I....I...J....1...J...J 

tt 13 15 17 

V14 - SUPPLY VOLTAGE (V) 
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Typical Performance Characteristics (Continued) 

RF Transistor RF Transistor 
Output Admittance 
vs Collector Current 

RF Output Voltage Level 
vs Supply Voltage 

Input Admittance 
vs Collector Current 
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Applications Information 
The LM1871 has been designed to encode and transmit 27 
M Hzor 49 M Hzcarriers for remote radio control (RC) of upto 
six Independent analog functions. The encoder section 
converts a variable potentiometer setting to a variable 
pulse width. The variable pulse widths, each preceded by a 
fixed modulation pulse, are added together sequentially 
and then followed by a synchronization pulse. Figure 1 
shows the digital proportional control format and how the 
channel pulse widths, sync time and frame time are 
defined. 

SYNC (AI 1 2 3 4 5 6 SYNC I 2 
_-U-~H ___ ..J-""'!!':::!_ 

(OIJL...'"t .. J·l...ILLUuLQC:}O-O
-II-1m 

(CI I 

(01 

FIGURE 1. (A) Encoder Output (Pin 13) 
(8) Transmitted RF Carrier Envelope 
(C) Typical Receiver Channel 1 Output 
(0) Typical Receiver Channel 2 Output 

Figure 1 (A) shows the encoder output waveform. The 
modulation time (tm! is fixed while the channel time (teW is 
the variable pulse width. In Figure 1 (C, 0) the recovered 
channel pulse (tn) Is the sum oltm and teh at a rep rate set by 
the frametime(t f). Becausethe frame time is fixed, the sync 
time (ts! will vary .inversely to the variable channel times. 

After detection by the RC receiver, the channel pulse widths 
must now be converted back to the required analog func
tions, which might be a mechanical arm movement, motor 
speed control or simply anON/OFF transistorswltch.ln the 
case of the mechanical arm movement, commercially 
available closed loop servo modules can be found In most 
hobby shops. The Input requirements of these servos will 
detE!rmine the transmitted frame time and channel p\llse 
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width range. Usually the pulse width for arm at center will 
be 1.5 ms; for full left, 1.0 ms; and for full right, 2.0 ms, at a rep 
rate of 20 ms. A motor speed control open loop servo can be 
designed for the same input pulse widths: 1.0 ms for max· 
Imum forward speed, 1.5 ms with some dead band for motor 
OFF and 2.0 ms for maximum reverse speed. In both servo 
syste(TlS the Input pulse width being continuously variable 
allows full control of arm position, motor speed and direc· 
tion. The ON/OFF function could also use the same Input 
pulse width range (1 ms ON, 2 ms OFF). 

The 1.0 ms to 2.0 ms pulse width range required by mbst 
servo modules is a result of transmitted RF spectrum 
limitations required by the FCC. If the modulation time (tm! 
and the channel time were made vary short (~10/-l5 each) 
many sidebands 5 kHz apart would be generated on each 

. side of the center frequency. The amplitude and number of 
sidebands are determined by the depth and duration of the 
modulation pulse. FCC regulations require t!:lat all 
sidebands greater than 10 kHz from center frequency be 
less than 500 /-IV/meter at three meters. In the example cited 
above, the 100% modulated carrier spectrum would not be 
acceptable if the field strength of the carrier was 10,000 
/-IV/meter at three meters. If the modulation and channel 
times were made much longer (~10 ms each) the trans
mitted spectrum would be acceptable but now the frame 
time would be longer than desirable for optimum servo 
designs. When the received channel pulse widths are be
tween 1.0 msand2.0 ms at a frame rateof20 ms the modula
tion time should be between 400/-ls and 600 /-Is to insure an 
acceptable transmitted RF spectrum. 

Figure 2 shows the block diagram and a typical application 
olthe LM1871 utilizing two fully proportional (analog) chan
nels and two uniquely encoded ON/OFF (digital) channels. 
The LM1872 ReceiverlDecoder, a companion IC to the 
LM1871, has been designed to receive and decode two 
analog channels and two digital channels. The two digital 
channel output states are determioed by the number of 
transmitted channels ratherthan by the width of achannel 
pulse. Table I shows the digital output format as a function 
of the number of transmitted channels. 



,Applications Information (Continued) 

Note: See Figure 4 for RF components, 

RI 
ZO 

Rrn 
56k 

RIO 
41k 

~~~~~~~~~-e--~~~~----------~~----------------------~-------------1~-----------' + C5 

+ 

CI 

TO,OI 

6V:::::::: 

LO 

MIX OUT 

lB 

R3 

C7 

*0,01 

IF IN AGC 

17 

4,1 *'OO"F 

CIO 

~'Ol 

VBIAS MIXIN V+ 

LMIB7Z RECEIVER/DECODER 

IF OUT GND SYNC 

15 14 13 

.JLJ1... 
":" C6 (ANALOG OUTPUTS) 

0,05 
RZ 
lOOk 

C9 T1 = Taka RMC 202313} Q 
TO,OI T2 = Taka RMC402503 u=110 

T3, T4 = Taka KEN type, Qu = 75 

FIGURE 2. Two Channel AnaloglTwo Channel Digital Transmitter/Receiver Application 
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Applications Information (Continued) 

LM1871 ENCODER TIMING 

Fi,gure3showsthetwotimingcircuitsandwaveformsused 
by the LM1871. The frame timer oscillator consists of a high 
gain comparator and a saturating NPN transistor switch. 
When the NPN transistor is turned OFF the timing 
capacitor (CF) will charge up to 2/3 of the V REG voltage. The 
comparator will then turn ON the NPN transistor, discharg
ing the capacitor back to ground ending the timing cycle. 

,The pulse timing circuit is similar in operation except that 
the timing capacitor (CT) is charged and discharged be· 
tween °1/3 and 213 of the V REG voltage. The saturating PNP 
transistor switch pulls up the modulation timing resistor 
(RM! which charges CT to 2/3 VREG and six independently 
switched NPN transistors provide the discharge path 
through the channel tOiming resistors (RCH)' The time con
stant °for both circuits can be found as follows: 

-t V1 
-=In-
RC V2 

when V1 = Voltage across timing resistor at end of 
timing cycle. 

V2 = Voltage across timing resistor at beginning of 
timing cycle. 

VREG 4 4.6V 

FRAME TIMER 

'* External components 

(A) 
PIN 7 

(8) 

3.06V---

OV---

3.06V-----: .. 

PINS 
1.53V---J 

(A) Voltage on C F 

(B) Voltage on CT 

In the frame timer circuit the NPN transistor is held on for a 
period determined by the modulation pulse (tml. This was 
done to Insure that the timing capacitor was fully dis· 
charged. The frame (tl), modulation (1m) and channel time 
(tcw can be calculated as follows: 

1.534 
°tf ,? -In -- (RFCF)+tm =1.1 RFCF+tm 

4.6V 

1.534 
-In--

3.06V 
(RM or RCH)CT 

= 0.69(RM or RCH)CT 

The .above calculated time constants will be modified by 
transistor saturation resistances and comparator switch· 
ing voltages that are slightly different than the 1/3 and 2/3 
V REG reference. One time constant should be used for the 
frametime(tl) and 0.63 time constant should be used forthe 
modulation (tm) and channel (tch) times. Because the 
switching voltages are a percentage of the V REG voltage the 
timer accuracy will not be affected by a low battery condi· 
tion (V cC<5.6V). High and low temperature (- 25·C to 
+ 85 ·C) operation also has little effect on timer accuracy. 

R 

SYNC 

13 ENCODER 
OUTPUT 

(e) Encoder pulse Iraln oulput FIGURE 3 .. Simplified Encoder Timing Circuits and Waveforms 
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Applications Information (Continued) 

The accuracy and temperature characteristics of the exter
nal components will determine the total accuracy of the 
system. The capacitors should be NPO ceramics or other 
low-drift types. . 

As an example the following procedure can be used to 
determine the external timing components required for 
Figure 2. 

Given: Frame time (tf) = 20 ms 

. Modulation time (tm! = 500,..s 
Recovered pulse width (t,,) range = 1.0 ms to 2.0 
ms with trim capability 
Non variable channel pulse width (t,,) = 1.0 ms 

1. Frame Timer Components 

ChooseCF = 0.1 ,..F± 10% 

tf-tm 20ms-0.50ms 
RF=--= 195 kO (200 kO) 

CT 0.1,..F 

2. Modulation Time Components 

Choose CT= 0.01,..F ± 10% 

tm 500x10- 6 

RM=--= 79.36 kO(82 kO) 
0.63CT (0.63)(1 x 10 -8) 

. 3. Non-Variable Channel (3 through 6) Component 

tch= tn- tm = 1.0 ms -0.50 ms= 500,..s 

tCh 500x19- 6 

RCH = --= 79.36 kO (82k) 
0.63CT (0.63)(1 x 10 -8) 

4. Variable Channel 1 (t1) and Channel 2 (t2) Components 

When the Rp wiper arm varies across the full poten
tiometer range, (AR = 00 to Rp value) Rs is found for 00 
and minimum tn pulse width. 

tn-tm 1 ms -0.50ms 
Rs = -- = 79.36 kO (82k) 

0.63CT (0.63)(1 x 10 - 8) 

RP(AR) is found fqr maximum tn pulse width. 

tn- tm 2 ms- 0.50 ms 

The Rp value could have been chosen first and a CT 
calculated. Usually the 270 0 t0320 0 angle of potentiometer 
rotation is inconvenient especially if it is desired to spring 
return the control to center, or if lever type knobs are reo 
quired. A 500 kO potentiometer that has 300 0 of end to end 
wiper arm rotation could be used if mechanical stops limit 
this range. 

\ 
. Required angle of rotation 

(300 0 )(156 kO) 

500kO 
93.6 0 

In most applications the resistor and capacitor tolerances 
prevent sufficient system accuracy without mechanical or 
electrical trimming of the analog channel pulse widths. If a 
500k potentiometer is used, tYo(o trim methods can be uti· 
lized. Rs can also be included as part of the potentiometer 
resistance. 

Rotate Potentiometer Body 
for Mechanical Trim 

Adjust Rs Potentiometer 
tor I:lecuicai ,rilll 

MECHANICAL 

Q I- ~!~.HANICAL 
~STOPS BJ£:ll 

I AR I RS I 

AR = 156 kO, Rs =82 kO 

If tn = 1.5 ms ± 30% is required: 

AR 
± RTRIM =0.3 -+ Rs =48 kO 

2 

(300 0 )(48k) 

Rs 

Required Body Rotation = = ± 28.8 0 

500k 

. ~hannel Add Logic 

lOOk I 

-Rs= 82kO=156kO 

Table I shows the number of transmitted channels as a 
function of pin 5 and pin 6 conditions. Thethreshold voltage 
for both pins is 2!0.7V. When grounded, the pins are sourc
ing 2!300 ,..A from the internal pull up resistors. External 
voltages may be applied to these pins but should be below 
the V REG voltage by at least one volt and not less than the 

0.63CT (0.63)(1 x 10 - 8) pin 9 ground. . 

TABLE I. DIGITAL CHANNEL OUTPUT FORMAT AS A FUNCTION OF TRANSMITTED CHANNELS 

LM1871 Channel Add Logic 
Number 01 Channels 

LM1872 Receiver 
Pin Conditions 

Transmitted 
Digital Outputs 

Pin 5 (A) Pin 6 (B) A B 

OPEN OPEN 3 OFF OFF 

GND OPEN 4 ON OFF 

OPEN GND 5 OFF ON 

GND GND 6 ON ON 
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Applications Information (Continued) 

Modulator and Crystal Oscillatorrrransmitter 
Circuit (Figure 4) 

The modulator and oscillator consist of but two NPN tran· 
sistors whose operation is quite straightforward. The base 
of the modulator transistor is driven by a bidirectional cur· 
rent source with the voltage range for the high condition 
limited by a saturating PNP collector to the pin 4 VREG 
voltage and low condition limited by a saturating NPN col· 
lector in series with a diode to ground. A current source of 
± 500 ",A was chosen to provide a means for external 
modulator bandwidth control. When a capacitor is used at 
this node the transmitted RF carrier is made to slew ON and 
OFF at a time determined by: 

Modulation slew time (tmsl 

(AV12)(CMl (3.BV)(o.o1",F) 

112 500".A 

when AV12 = peak to peak voltage swing of pin 12 = 3.BV 

± 112 = source/sink current from pin 12 = 500".A 

CM = capacitance at pin 12 = O.Q1",F 

Figure 5 shows the advantage gained by this capacitor 
especially if adjacent channels are 10 kHz to 15 kHz away 
from the desired channel. 

The crystal oscillator/transmitter transistor is configured 
to oscillate in a class C mode with the conduction angle 
being approximately 140 D to 160 D. Resistor R10 provides 
the base bias current from the pin 4 VRE~ voltage. This 
resistor value has been optimized for most RC applica· 
tions. When the emitter of the modulation transistor is high 
(~3.BV) the collector and tank coil are pulled up Into the 
active range of the oscillator transistor. RF feedback to the 
base Is via the series mode crystal which determines the 

Componant 27 MHz 

Tp 2 Turns 

TS 3 Turns 

oscillator frequency. Because third overtone crystals are 
used for 27 MHz or 49 MHz applications a tuned collector 
load must be used to guarantee operation at the correct fre
quency. Tuning the LC tank, while having littie effect on 
oscillator frequency, will control the conduction angle and 
oscillator efficiency. Tuning the LC tank for minimum Vcc 
supply current while observing the cauler envelope on an 
oscilloscope would be the best alignment method. 

For most RC applications the carrier ON to OFF ratio must 
be as high as possible to ensure precise pulse width detec· 
tion at the receiver. If we were to look at the base of the 
oscillator transistor we would see that the crystal is still 
OSCillating during the time that the carrier Is OFF (tml. This 
Is because of the high Q characteristic (10k to 30k) of 
crystals in this application. We can roughly calculate the 
number of cycles required for a decay or rise In amplitude 
for one time constant (63% of final value) by: 

Q 

Numberof cycles =--
0.63n 

At 49 MHz this will be 15k cycles or 300 "'S for a crystal Q of 
30k. At27 MHzthistimewili be560",s forthesamecrystal Q. 
If long carrier OFF times were required the oscillator start 
up time would as a result also be quite long. The shorter car· 
rier OFF times overcome one problem but do suggest that 
the crystal be isolated from the antenna circuit. During the 
carrier OFF time the base of the modulator transistor is 
held approximately 0.9V above ground such that the emit· 
ter still supplies current to the now saturated collector of 
the oscillator transistor. Both ends of the LC tank circuit 
now "see" a low Impedance to ground. Further isolation is 
provided by the split tuning capacitor. 

6 Turns 

1 Turn 

49 MHz 

, 

Use TOKO form #51-0116-02 and #30 wire 

or #51-0178 and #32 wire 

Ll TOKO KXN K4636 BJF TOKO KEN K4635 BJE 

VCC 

:~~ -1~12:-------f 

CI2 

CI3A O.OI"F -';C138 

~OD.F~ 

21 MHz OR 49 MHz 
3RO OVERTONE SERIES 
MODE CRVSTAL 

I-I" 
C2 

c::::aVI 

4.6V .;4_'\iR'\i'0'll--+~-I 

LL 

CA 

RA 
Cl 

C2 

C3 

Rl0 

MILLER #4611 MILLER #9330·10 

5.4 pF 6.2 pF 

1.150 3.780 

1000 pF 220 pF 

680 pF 47 pF 

20 pF 33 pF 

24k 47k 

LL : CA1 I RA 
TWO FOOT D.023 DIAMETER WIRE 
EQUIVALENTCIRCUIT _ 

FIGURE 4. 27 MHz and 49 MHz RF Oscillator/Transmitter 
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Applications Information (Continued) 

If the printed circuit board shown in Figure 6 is to be 
reproduced, it is recommended that the layout be fol· 
lowed as closely as possible. The positions of pin 13 
decoupling capacitors and coil components tend to be 
critical in regard to undesired harmonic emissions. Short 
lead ceramic disc capacitors and short decoupled traces 
are recommended. A number of boards with this con· 
figuration have successfully met all requirements of the 
FCC as perceived only by National Semiconductor. Final 
approval of any unlicensed transmitter is granted only by 
the FCC via certified test measurements. 

Field Strength Measurements 

As noted above the maximum radiated RF energy of an 
unlicensed transmitter operating in the 27 MHz or 49 MHz 
frequency band must not be greaterthan 10 kl'V per meter at 
adistance of 3 meters from the transmitting antenna. In ad· 
dition to the carrier amplitude requirement, all sidebands 
greater than 10 kHz from the carrier and all other emissions 
(harmoniC or spurious) must De less man :;GG /l'y' ~'" "'0'0' 
at a distance of 3 meters. 

The term used for electrical field intensity (V/meter at 3 
meters) refers to the open circuit voltage induced at the out· 
put of a resonant half·wave dipole antenna in a single 
dimensional one meter field, 3 meters distant from the 
transmitter under test. When making field intensity 
measurements, the antenna length must be adjusted for 
resonance at each frequency of interest and the induced 
voltage made proportional to the one meter reference 
length. The induced voltage value must not include losses 
caused by the insertion of a 1:1 balun transformer ( -6 dB) 
or loading (- 6 dB) and mismatch (721l to 50ll, -1.7 dB) of 

the voltage measuring instrument. We can now relate the 
induced voltage (V1N) to a measured voltage (VMEAl by: 

V1N L (VMEA)(Losses) 
VMEA=---orVIN 

Losses L 

where: V MEA = Voltage measured by a spectrum analyzer 
or calibrated receiver. 

VIN = Field intensity (volts/meter). 
L = Half·wave length of antenna in meters. 
Losses = All mismatch, loading and insertion 

losses. (In this case = 13.7 dB = 4.87) 

The length of a half·wave dipole antenna is found by: 

Ck 
L=-meters 

2f 

where: C = Speed of light in a vacuum. 
k = A constant related to antenna length to width 

ratios, end effects and surface effects. Use 
k = 0.96 for practical antenna rods 5/16" in 
diameter. 

f = Frequency of interest. 

144 
Simplified: L =--meters 

fMHz 

FIGURE6 
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Applications Information (Continued) 

Now that we have a way in interpreting the field strength 
measurements we must deal with the technique used in 
making these measurements. Usually all measurements 
are done outside on a flat area away from trees, buildings, 
buried pipes or whatever. Thetest transmitter is placed on a 
wooden stool or table approximately 3 feet high such that 
the vertical anienna is in a vertical position. The receiving 
dipole is adjusted for the frequency of interest and orien· 
tated to the same plane as the transmitter and placed 3 
m!lters from the transmitter. The dipole may be mounted on 
a wooden pole or ladder such that the height ofthe antenna 
can easily be changed. The antenna length must always be 
symmetrical about the center tapping balun transformer. 
The operator and his test equipment must be "behind" the 
dipole by some 3 or more feet. If it is desired to have the 
operator at a much more distant location the transmission 
line must be characterized for additional losses. A number 
of measurements should be made at each frequency fordif· 
ferent heights and orientations of both the transmitting 
and receiving antennas. The highest reading should be 
considered the correct reading. In addition to fundamental, 
sidebands and harmonic emissions, the frequency spec
trum from 25 to 1000 MHz should also be scanned for 
spurious emissions greater than 50"V/meter at 3 meters. 

Additional Applications 
Figure 2 shows a typical application of the LM1872 
Receiver/Decoder. The LM1872 consists 01 a crystal con· 
trolled local oscillator, IF amplifier, AGC, detector, decoder 
logic and digital channel output drivers. Thesupplyvoltage 
range of 2.5V min to 7V max was chosen to allow battery 
operation by four "C" or "D" cells. 

Figure 7 shows how the LM1871 encoder can be used to 
frequency shift a 200 kHz carrier that is transmitted over 
the 110V AC line In a home or office. Figure 8 shows how 
ON/OFF carrier modulation is also possible. An LM1872 
could be used as a receiver/decoder for the Figure 8 
transmitter circuit. When using an LM1872 the carrier fre· 
quencies should be 50 kHz or greater to insure proper ' 
detector operation. 

Figure 9 shows the LM1871 configured for six analog chan
nels with a TILcompatibleoutput. The V REG voltage at pin 4 
has been shorted to Vee. This allows a Vee(MIN) of 3V and 
V eC(MAX) of 6V. The encoder output could be used for a fiber 
optic transmitter/receiver link, infra-red, tone keying or 
transducercarriermodulation.lftheencoderoutput is hard 
wired to the Figure 10 serial input we can recover the six 
analog channels. From Figure 11 we see that the data input 

will appear during the sync time which is always longer 
than any channel time (tn). Inverter X1 will discharge C1 
each time the input goes high. During the longer sync time 
C1 will charge up to the 1/2 V cc threshold of X2 and via X3 
provide the data input. The'R and C components are 
calculated by: 

tdata delay = 0.565 R1C1 

If large values of C1 (>0.01 "F) are required the diode D1 
should be replaced by a PNP transistor with the base on X1 
output, emitter to X2 input and collector to ground. 

In applications requiring ONIOFF decoding of a channel 
pulse width the circuit shown below could be used. 

CHn INPUT 
FROM FIGURE 11 

vee 

t(MIN) in output LO 

t(MAX) In output HIGH 

If the recovered channel pulse width Is short (t(min» R2 and 
C2 are selected such that the input to,inverter X4 does not 
rise to the 1/2 V ce threshold. The output of X4 will be high 
and the output of X5 will be low. A longer input puISe(t(max» 
will allow the output of X4 to go low pulling the input of X5 
low. R3 and C3are selected such that theinput to X5 will not 
rise past the 1/2 Vee threshold during the remainder of the 
frame time. The Rand c values are found by: 

Given: t(mi")= 1.0 ms, C2 =O.01I1F 

t(max) = 2.0 ms, C3 =.' O.1"F 

ttram. = 20 ms 

, t(max) - t(mln) 
0.565R2C2 = t(min) + 1.5 ms 

1.5ms 
R2=---=270kO 

0.565C2 

ttrame 
R3=-,-=360kO 

0.565C3 

2 
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5 Additional Applications (Continued) .... 
:IE 
...I 

(ENCODER OUTPUT) 
SERIAL INPUT, ___ ..J 

Component 

RF 

CF 

R~.1 

RCH 

CT 

CM 

C4 

C13A 
C13B 

C14 

R10 

____ ~r-l~ ______________________ __..J 

______ ~r__1~ ______________________ ~r__1~ __ ~ ______ _ 

__________ ~r_l r-l~ ______ __ 

________________ ~r_1~ ______________________ ~ 

__________________ ~r_l r-

Min 

2 kO 

500 pF 

2 k!l 

2 kO 

500 pF 

FIGU RE 11. Six Analog Channel Detector Waveforms 

LM1871 Component Selection Guide 

Typ 

180 kO 

0.11'F 

150 kO 

150 kO 

0.11'F 

0.01,.,F 

0.1,.,F 

1500 pF 
2700 pF 

0.1,.,F 

24 kO/51 kO 

Max 

1M 

0.51'F 

1M 

1M 

Comments' 

Pin 7. Frame timer resistor used with CF to 
set frame time (tf). tf = RFC F + tm. 

Pin 7. Frame timer capacitor used with RF. 

Pin 15. Modulation timing resistor used with 
,CT to set mod time (tm). tm = 0.63 RMCT. 

Channel pins 1, 2, 3, 16, 17, 18. Variable or 
fixed resistor used with CT to set channel 
pulse widths (t ch). tch = 0.63 RCHCT• 

Pin 8. Pulse timer capacitor used with RM and 

RCH· 

Pin 12. Modulation slew time (tmel capacitor 
used to decrease modulator bandwidth. 
Reduces sideband emissions, 

tms=----
1'2 

Pin 4. 4.6V regulator decoupling capacitor. 

Pin 13. Modulator output RF decoupling 
c!lpacitor. Improves carrier ON to OFF ratio. 

Pin 14. Vcc decoupling capacitor. 

Pin 10. RF oscillatorltransmitter bias resistor. 

Note: See Figure 4 ',or RF components, All timing capacitors should be low·drlft (NPO) types. 
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~ ~ National ' 
i ~ Semiconductor 

Industrial Blocks 

... 
LM1872 Radio Control Receiver/Decoder 

General Description 
The LM1872 Is a complete RF receiver/decoder for radio 
control applications. The device Is well sU,lted for use at 
elther27 MHz, 49 MHzor72 MHz In controlling various toys 
or hobby craft such as cars, boats, tanks, trucks, robots, 
planes, and trains. The crystal controlled superhet design 
offers both good sensitivity and selectivity. When operated 
In conJuctlon with the companion transmitter, LM1871, It 
provides four Independent Information channels. Two of 
these channels are analog pulse width modulated (PWM) 
types, while the other two are simple ON/OFF digital chan
nels with 100 mA drive capability. Either channel type can 
be converted to the other form through simple external cir
cuitry such that up to 4 analog or up to 4 digital channels 
could be created. Few external parts are required to com
plement the self-contained device which Includes local 
oscillator, mixer, IF detector,AGC, sync output drivers, and 
all decoder logic on-Chip. 

Circuii Block and Connection Diagram 

Features 
• Four independent information channels; two analog 

and two digital 

• Completely self·contained 

• Minimum of external parts 
• Operation from 50 kilohertz to 72 MHz 
• Highly selective and sensitive superhet design 
• Operates from four 1.5V cells 
• Excellent supply noise rejection 
• 100 mA digital output drivers 

• Crystal controlled 
• Interfaces directly with standard hobby servos 

Applications 
• Toys and hobby craft 
• Energy saving, remotely switched lighting systems 

• Burglar alarms 
• Industrial and consumer remote data links 

• IR data links 
• Remote slide projector control 

Dual·ln·Line Package 

MIX 
LO XTAL GNO VBIAS IN v+ CH A CH A CH B 

MIX IF IN AliC IF GNO SYNC CH 2 CH 1 CH B 
OUT OUT 

aO.HOM VIEW 
Order Number LM1872N 
See NS Package N18A 
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Absolute Maximum Ratings 
SupplyVoltage 7V 
Package Dissipation (Note 2) 1000mW 

, 

Voltage@Pin7,8,9,10,110r12 V+ 

Operating Temperature Range -25"Cto+85"C 
Storage Temperature Range -65"Cto + 150"C 
LeadTemperature(Soldering,10seconds) 300'C 

DC Electrical Characteristics 
v+ =6V, TA = 25"C, Test Circuit of Figure 1, f lO = 49.890 MHz, flF = 455 kHz unless' otherwise specified. 

Parameter Conditions Min Typ Max Units 

Supply Voltage Functional for VIN = 100 "V 2.5 6 7 V 

Supply Current CH A & B Off 9 13 18 mA 
CH A & BOn 27 mA 

VBIAS @ Pin 4 i.o5 ". 2.35 \I ,. , 

Sync Timer Threshold @ Pin 13, Going from Low to 
High Voltage V+/2 -0.4 V+/2 V+/2 +0.3 V 

Digital Channels A and B 
Saturation Voltage @ Pins 7 & 9, RL = 1000 0.4 0.7 V 
Saturation Resistance @ Pins 7 & 9 7 0 
Source Current @ Pins 8 & 10, VPin B & Pin 10 .. 1V 100 mA 

Collector Pull·Up Pin 7 & Pin 9 to V + 5 10 20 kO 
Resistance 
Emitter Pull· Down Pin 8 & Pin 10 to GND 5 10 20 kO 
Resistance 

Analog Channels 1 and 2 
Saturation Voltage @ Pins 11 & 12, Rl =2 kO 0.45 0.7 V 
Saturation Resistance @ Pins 11 & 12 160 0 
Collector Pull-up Pin 11 & Pin 12 to V+ 5 10 20 kO 
Resistance 

, 

AC Electrical Characteristics 

Parameter Conditions Min Typ Max . Units 

RF Sensitivity For "Solid" Decoded Outputs 22 39 "V 
(Note 1) 

RF Sensitivity Circuit of Figure 5@49 MHz with 12 "V 
Antenna Simulation 
Network of Figure 6 

Voltage Gain Pin 5 to Pin 15 58 dB 

PSRR of RF Sensitivity 3V«,V + «,6V -1 %IJ.IV . 
BW 3 dB Down @ Pin 15 3.2 kHz 

Noise Referred to Input, Pin 5, VIN = 0 0.35 "Vrms 
Ref.erred to IF, Pin 15, VIN = 0 0.28 mVrms 

AGC Threshold Onset of AGC Relative to RF 
Input, VIN' @ Pin 5 88 "V 
Relative to IF Output @ Pin 15 V++0.07 V++0.100 V++0.13 V 

Mixer Conversion From Pin 5 to Pin 18 @1 MHz. 2.9 4.0 6.9 mmhos 
Transconductance @27MHz 3.7 mmhos 

@49MHz 3.5 mmhos 

Mixer Input Impedance Pin 5 to Pin 4 @ 49 MHz 20 kO 
(See Curves) +5 pF 
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AC Electrical Characteristics' (Continued) • 

Parameter 

Mixer Output Impedance 

IF Transconductance 

IF Input Impedance 

IF Output Impedance 

IF Carrier Level 

Detector Threshold 

Analog Pulse Width 
Accuracy 

Conditions 

Pin 18 to GND 

Pin 17 to Pin 15 (AGC Off)@455 kHz 

Pin 17 to GND 

Pin 15 to GND (AGC Off) 
(AGCOn) 

@ Pin 15, VIN = 100 ",V 
(AGC On) 

Relative to RF Input, VIN' 
@ Pin5 
Relative to IF Output @ Pin 15 

Ratio of Received Pulse Width 
@ Pins 11 & 12 to Transmitted 
Pulse Width @ Pin 5 for VIN =· 
100 ",V 

Note 1: The criteria for the outputs to be considered "'solid"' are as follows: 

Min 

2.6 

V++0.015 

0.95 

Typ 

250 

4.1 

5500 

800 
2 

70 

20 

V++0.025 

1.0 

Max 

5.6 

V++0.040 

1.05 

Units 

kll 

mmhos 

Il 

kll 
Mil 

mVrms 

",V 

V 

mslms 

DIGITAL: In order to check the decoding section, four RF frames are Inputted In sequence with the proper codes to exercise all four possible logical out· 
put combinations at pins 7 and 9. For each frame the proper output logic state must exist. 
ANALOG: Each analog pulse width (measured at pins 11 & 12) In any of the above four successive frames must not vary more than", 5'1. from the pulse 
widths obtained for VIN = 100 ~V. . 

Note 2: For operation In ambient temperaturea above 25'C, the device must be derated based on a 150'C maximum junction temperature and a package 
thermal resistance of 120'CIW, junction to ambient. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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10 100 lk 10k 
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100 

CH B 

CH 1 CH B 

11 10 

IL 

1 2k 

L1 = Taka· 10k type (KEN·4028 OZ); 6T 

T1 = Taka· 10 EZC type (AMC 202313 NO), Qu = 110 
Pin 1-2, 131T; pin 2-3, 33T 

T2 = Taka· 10 EZC type (AMe 402503 NO), Qu = 110 
Pin 1-2, 9ST; pin 2-3 .. 88T 

Pin 1-3, 164T; pin 4-6, 5T 

Pin 1-3, 164T; pin 4-6, ST 

* Toko America, Inc. 
5520 West Touhy Ave. 
Skokie, III. 60077 
(312)677-3840 Tlx: 72·4372 

FIGURE 1. Test Circuit 
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Circuit Description 
The following discussion Is best understood by referring 
to Figures 2, 3, 4, and 5. 

SYSTEM ENCODING AND DECODING SCHEME 

For the transfer of analog Information, the LM18711 
LM1872 system uses conventional pulse width modula
tion (PWM). In applying this technique, the RF carrier Is 
Interrupted for short fixed Intervals (tM In Figure 2) with 
each Interval followed by variable width pulses (tOH) so as 
to define multiple varlabl!' time spans (tM + tew occurring 
In serial fashion. Synchronization Is accomplished by 
allowing one of the transmitted variable pulse widths 
(tSyNe! to exceed the duration (t'SYNe! of a receiver-based 
timer, thus allowing the receiver to recognize this pulse 
for synchronization purposes. Taken in sequence, this 
collection of pulses constitutes a single frame period (tF). 

The LM1871 transmitter Is equipped to transmit up to six 
channels which the companion LM1872 receiver uses to 
derive 2 analog and 2 digital channels. The receiver 
decodes the demodulated RF waveform from the 
transmitter by negative edge triggering a cascade of 
three binary dividers called the A, B, and C toggle flip
flops (Figure 4). By "examining" all three flip-flop outputs 
simultaneously, up to 6 unique channel time intervals 
could be identified and recovered. Only the first two· 
channels are actually decoded however and outputted by 
the receiver, the rest being used for Identification of two 
digital (ON/OFF) channels. In passing digital Information, 
a pulse count modulation scheme Is used whereby dif
ferent quantities of channel pulses are transmitted by 
varying the number of fixed width channels following the 
two variable width analog channels 1 and 2 (see Figure 3). 

IM~r IF 1--1 -ISYNC-----li 

TX RF CARRIER (ASSUME PRIOR -----'1-EJ-(J-8-E}-£) I-
FRAME CONTAINEO 3 PULSES 1 2 3 4 5 6 ,":===S:YN:C===~ 

REPRESENTING CH A AND CH B DFFI ===~- ~ -

RX DEMDDULATED SIG 

A FlIHLOP ___ ~ 

B FlIp·FLOP _____ ---' 

CFLIP·FLOP ======~ __ ;==~-------1==== 
ANALOG CH 1 (PIN 111 ___ ....... r-1L ________________ ....Ir 
ANALOG CH2 (PIN 121 _____ ...... 

SYNC TIMER (PIN 131 

SYNC SIGNAL 

READ COUNTER ONE.sHOT -~----------------ooooooo! .~~::--__ 
=:H ..... _'D_"_. --RESET COUNTER· ONE-SHOT 

OIGITALCHA(PIN7) ___ ~ _______________ .,.-----

DIGITAL CH B (PIN 91 

FIGURE 2. RX Timing Waveforms 

LM1871 TX LM1872 RX 

PIN CONDITIONS TRANSMITTED WAVEFORM alNARY DIGITAL OUTPUTS 
PIN 6 (CH AI PIN 8 (CH al PULSE COUNT CH A CH a 

OPEN OPEN 100 OFF OFF 

GND OPEN 101 ON OFF 

OPEN GND 110 OFF ON 

GND GND 111 ON ON 

FIGURE 3. Digital Channel Encoding and Decoding vJa Pulae Count Modulation 
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Circuit Description (Continued) 

v' 

Ik 

R' 
360 

I', t 1.8mA 

Uk 
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,4 

1120~A 
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D, 
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!iji 
D. 
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* external parts 

FIGURE 4. Simplified Schematic Diagram 
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Circuit Description (Continuecl) 

Thus either 3, 4, 5, or 6 channels are transmitted to repre· 
sent the four possible codes that two digital channels 
represent. The receiver Intrinsically counts channels with 
its decoder fIIp·flops by responding to the negative edges 
of the demodulated RF waveform of which there 15 
always one more than the number of channels. The two 
LSBs of the binary count are read, latched"and fed to the 
output drivers which comprlse'dlgltal channels A and B. 

58 dB of gain using the suggested transformers in Figure 
5. The active digital detector provides an additional-30 dB 
gain over a silicon diode resulting in an overall system 
gain of 88 dB. More or less gain can be obtained by using 
different transformers. The frequency range of operation 
extends from 50 kHz to 72 MHz encompassing a wide 
range cif allocated frequency bands. 

RECEIVER, SECTION 

The receiver circuit Is a simple, single conversion design 
with AGe which mixes down to 455 kHz and provides 

The short (1' to 2') vertical whip antenna that is typically 
used has a very low radiation resistance (0.50 to 40) and 
approximately 3 pF to 5 pF of capacitance. This aritenna is 
coupled tothemixerthrough a high Qtank consisting ofC3 

RI 
20 

!~~~~~~o-~--~~~~---------+---------------------.~----------~+t--C-5--------' 

LO 

Cl 

*,0,01 

Rl - Motor decoupllngt, , 

R2 - Sync timer; R2 = ~ R2 .. 470k 
0.7 C6 

R3 - Mixer decoupllng 

Cl - LO bypass; optional 

C2 - LO tank;C2=43 pF @27MHz 
= 24 pF @ 49 MHz 

C3 -Antlnputtank;C3=39pF@27MHz 
=24 pF @ 49 MHz 

C4 - V BIAS bypass 
C5 - Motor decoupllng , 

C6 - Sync timer; C6 = ~ C6 .. 0,5 ~F 
0.7 R2 

C7 - Mixer decouple; 0,Q1 ~F"C7"0, l~F 

C8 - AGC 

C9 - IF bypass; optional 

Cl0 - V+ bypass; 0,01 ~F"ClO"0.1~F 

,#IOO"F 

01 

CIO 

~'Ol 

MIX IN v+ 

LM1872 

IF OUT GND SYNC 

15 l' 13 

0 0 

J"LJ1... 

C9 To,o, 
Cll-LO bypass 

Ll -LO coli 

'::" C6, (ANALOG OUTPUTSI 
0,05 

R2 
1DOk 

Toko' 10k type (KXNA·4434 OZ) 9T; 0.8 ~H@27 MHz 
Toko' 10k type (KEN·4028 OZ) 6T; 0,4 ~H@49 MHz 
L1 could be made a fixed coli, if desired, 

T1 -455 kHz mixer transformer 
Toko' 10 EZC type (RMC·202313 NO), Qu= 110 
Pin 1-2, 131T; pin 2-3, 33T 
Pin 1-3, 164T; pin 4-6, 5T 

T2 -455 kHz IF transformer 
Toko' 10 EZC type (RMC·402503 NO), Qu= 110 
Pin 1-2, 98T; pin 2-3, 66T 
Pin 1-3, 164T; pin 4-6, 8T 

T3 -Ant. input transformer 
Toko' 10k type (KXNA·4434 OZ), 3T sec, & 9T pri, of 0.8 ~H @ 27 MHz 
Toko' 10k type (KEN·4028 OZ), 1 112 T sec. & 6T pri. of 0,4 ~H @ 49 MHz 

Xl -3rd overtone parallel·mode crystal 

01 -Electrostatic discharge (ESO) protection 
* Toko America, Inc. 

FIGURE 5. Typical Application Circuit for 27 MHz or 49 MHz 

5520 West Touhy Ave. 
Skokie, III. 60077 
(312)677-3640 Tlx: 72·4372 
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Circuit Description (Continued) 

and T3. This tank effectively keeps strong out·of-band 
signals such as FM and TV broadcast from cross
modulating with the desired signal. When operating at 
49 MHzor72 MHz, CB interference is also effectively mini
mized. Image rejection is relatively low, however, being 
only 7 dB @ 49 MHz, but this does not present a problem 
due to the usual absence of strong interfering signals 
910 kHz below the desired signal. . 

The antenna signal is stepped down and DC coupled to the 
mixer which consists of the emitter-coupled pair Q1 and 
Q2. Emitter-follower, Q1, feeds the common-base device, 
Q2, while effectively buffering the antenna from the LO 
energy delivered by Q4. Mixer transconductance is 4 
mmhos at low frequency(1 MHz) falling t03.3 mmhos at the 
!JPper end (72 MHz). ' 

The local oscillator utilizes an emitter coupled pair, Q3 
and Q4, for accurate control of mixer drive, 11" Quiescent
ly. Q3 and Q4 share I, set by 0.S9V/R5, but healthy voltage 
swings at pin 2 due to oscillation of 03 Implement 
thorough switching of the differential pair. As a result, 
the full 1_8 mA of drive "tailgates" (switches) the mixer 
emitter coupled pair, Q1 and Q2. This current Is well 
regulated from supply voltage changes by the VBIAS cir
cuitry. The TC of VSIAS Is positive by design in order to Im
press a positive TC on 11 so as to compensate for the 
temperature dependence of bipolar transconductance in 
the mixer. Inasmuch as Q4 operates as an emitter-gated, 
common-base-connected device, excellent Isolation bet
ween local oscillator and mixer Is obtained. As long as 
pin 41s properly bypassed, Q5 presents a low Impedance 
to the base of Q4, resulting In low oscillator noise. The 
oscillator easily operates up to 72 MHz with overtone 
crystals operating parallel mode. 

The mixer signal is stepped down from the high Q mixer 
tank, T1, and DC coupled to the IFvia a secondary winding. 
The IF stage consists of 07, Q8 and Q10 and delivers a 
transconductance of 4 mmhos @ 455 kHz. The quiescent 
current, 12, is set at 120 ,..A by V BIAS and a S.2k resistor. 
Again, the positive TC of V BIAS is used to compensate for 
the temperature dependence of transconductance. The im
pedance at t!1e IF output, pin 15, is very high (;;'800k) permit
ting the IF transformer, T2, to operate at near unloaded Q 
(110). The overall 3 dB bandwidth of the receiver section is 
3.2 kHz (see characteristic curves); this is narrow enough to 
permit adjacent channel operation without interference 
yet wide enough to, pass the500"s modulation pulses(tMin 
Figure 2). 

The IF signal Is DC coupled to the digital detector which 
consists of a high gain precision comparator, a 30 lIs In
tegrator, and a supply-referred 25 mV Voltage reference. 
Whenever the peak IF signal exceeds 25 mV, the com
parator drives Q11 to reset the digital envelope detector 
capacitor, C12. Since It takes 30 lIs for the 1 ,..A current 
source to ramp C12 to the 3V (V + /2) necessary to fire the 
Schmitt trigger, the presence of 455 kHz carrier 
(period = 2.2 lIS) greater than 25 mVp will prevent C12 from 
ever reaching this threshold. When the carrier drops out, 
the Schmitt trigger will respond 30 lIs later. This delay (like 
that associated with the burst response of the 455 kHz IF 
tanks) Is constant over the time interval of Interest. Thus,lt 
Is of no consequence to timing accuracy because the 
LM1872 responds only to negative edges in the decoder. 
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AGC is provided only to the IF; the mixer having sufficient 
overload recovery for the magnitude of signals available 
from a properly operating (i.e. good carrier ON/OFF ratio) 
10,000 "V/m transmitter. The AGC differential amplifier 
regulates the peak carrier level to 100 mV bycomparing it to 
an internal 100 mV supply-referred voltage reference. The 
resultant error signal Is amplified and drivesQ9vla rectifier 
diode, D1, to shunt current away from Q10. C8 provides 
compensation forthe AGC loop which spans a 70dB range. 
The 100 mV AGe reference is accurately ratioed to the 25 
mV detector reference to permit a controlled amount of 
brief carrier loss before dropping below detectorthreshold. 
Once intoAGC, typlcallySO% amplitude modulation of the 
PWM carrier Is possible before the detector will recognize 
the Interference (see characteristic curves). This kind of 
nOise immunity Is Invaluable when the troublesomeeffects 
of other physically close toys or walkie-talkies on the same 
or adjacent frequencies are encountered: ' 

DECODER SECTION 

The purpose of the decoder is to extract the time informa
tion from the carrier for the analog channels and the pulse 
count Information for the digital channels. The core of the 
decoder is a three-stage binary counter chain comprising 
flip-flops A, B, and C. The demodulated output from the 
detector Schmitt-trigger drives both the counter chain and 
the sync timer (Q12, R2, CS, and another Schmitt trigger). 
When the RF carrier drops out for the first modulation 
pulse, tM, the falling edge advances the counter(see Figure 
2.) During the tM Interval the sync timer capacitor is held low 
by Q12. When the carrier cpmes up again for the variable 
channel interval, tCH' CS begins to ramp towards threshold 
(V + /2) but Is unable to reach It In the short time that Is 
available. At the end of the tCH period the carrier drops out 
again, the counter advances one more, and the sequence Is 
repeated forthe second analog channel. To decode the two 
analog channels, 3-input NAND gates G1 and G2 examine 
the counter chain binary output so as to identify the time 
slots that represent those channels. Decoded In this man
ner, the output pulse width equals the sum of tM, a fixed 
pulse, and tcH, a variable width pulse. A Darlington output 
driver Interfaces this repetitive pulse to standard hobby 
servos. ' 

Following the transmission of the second analog channel, 
a variable quantity from one to four, of fixed width pulses 
(500 lIS) are transmitted that contain the digital channel In
formation. Up until the end olthe pulse group frame period, 
tF, the decoder responds as if these fixed pulses were 
analog channels but delivers no outputs. At the conclusion 
of the frame the sync pulse, tSYNC' Is sent. Since tSYNC Is 
always made longer than the sync timer period (t' SYNC = 3.5 
ms), the sync timer will output a sync signal to the lirst of 
two cascaded 10 lIs one-shots. The first one-shot enables 
AND gates G3 .... GS to read the A and B flip-flops of the 
counter Into a pair of RS latches. The state of fll p-flop A, for 
example;is then stored and buffered to drive.1 00 mA sink or 
source althe channel Adlgltal output. An Identical parallel 
path allows the state of flip-flop B to appear at the channel 
B power output. Upon conclusion of the 10 lIs read pulse, 
another 10 lIs one-shot Is triggered that resets the counter 
to be ready for the next frame. 

rs: ..... 
CO ...... 
I\) 



Application Hints 
A typical application circuit for either 27 MHz or 49 MHz 
is shown in Figure 5. Using the recommended antenna in· 
put networks and driving the circuit through the antenna 
simulation network of Figure 6, a solid decoded output 
occurs for 10 "V and 12 "V input signais at 27 MHz and 
49 MHz respectively. 

47 

3,9@49MHz 
1@27MHz 

5pF 

FIGURE 6. Antenna Simulation Network 

This sensitivity has been determined empirically to be 
optimum ,for toy vehi'cle applications. Less gain will 
reduce range unacceptably and more gain will increase 
susceptibility to noise. However, should the application 
require greater rang'e (>50m for a land vehicle, for exam· 
pie), either the antenna could be lengthened beyond 2' 
andlor receiver sensitivity could be improved. There are a 
number of ways, to alter the sensitivity of the receiver. 
Decreasing the turns ratio of input transformer, T3, for 
example, will couple more signal into the mixer at th'e ex· 
pense of lower tank Q due to mixer loading. Moving the 
primary tap on mixer transformer, T1, further from the 
supply side andlor decreasing the primary to secondary 
turns ratio will also increase gain. For example, just 
changing T1 from a 32:1 primary to secondary ratio to a 
5:1 turns ratio (Toko #RMC202202) will double 49 MHz 
sensitivity (6 p.V vs 12 pV). Mixer tank Q will be affected 
but overall 3 dB BW will remain largely ,unchanged. The 
primary tap on the IF transformer, T2, can also be ad· 
justed (further from the supply side) fer higher gain, but It 

is possible to cause the AGC loop to oscillate with this 
• method. ' 

Narrow overall bandwidth Is Important for good receiver 
op'eratlon. The 3.2 kHz 3 dB bandwidth of the circuit In 
Figure 5 Is just wide enough to pass 500 ,..s carrier 
dropout pulses, tM, yet narrow enough to hold down eiec· 
trical noise and reject potentially interfering adjacent 
channels. In the 49 MHz band, the five frequencies 
available are only 15 kHz apart. Should oniy two frequen· 
cies be used simultaneously, these channels could be 
chosen 60 kHz apart. Should three frequencies be used, 
the spacing could be no more than 30 kHz. At four or five 
frequencies, 15 kHz spacings must be dealt with, making 
narrow bandwidth highly desirable. Even at 27 MHz, 
where allocated frequencies are 50 kHz apart, the pro· 
lIferation of CB stations only 10kHz away represents a 
formidable source of Interference. The response of the 
circuit of Figure 51s 34 dB and 56 dB down at 15 kHz and 
50 kHz away, respectlveiy (see characteristic curves). 

The sync timer should have a timeout, t'SYNC' set longer 
than the longest channel pulse transmitted, but ,shorter 
than the shortest sync pulse, tSYNC' transmitted. Using 
the component values In Figure 5, t'SYNC' = 3.5 ms, which 
works well with a transmitted synce pulse, tSYNC~5 ms. 

Numerous bypass capacitors appear In the circuit of 
Figure 5, not all of which may be necessary for good 
stability and performance. A low cost approach may 
eliminate one or more of the capacitors C1, C9, C10, and 
C11. The cleaner and tighter the PCB layout used, the 
more likely Is the case that bypass capacitors can be 
eliminated. In the case of marginal board stability, In· 
creasing the size of capacitors C7, C9, and C10 to 0.1 ,..F 
may prove helpful. If the PCB layout and parts loading 
diagram shown in Figure 7 Is used, the circuit will be 
qulie siable up to 72 MHz. 

FIGURE 7. PCB Layout, Stuffing Diagram and Complete 
RX Module for Typical Application Circuit 01 Figure 5 
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Application Hints (Continued) 

The digital channel output devices have significant drive 
capability; they can typically sink 100 mA and posses a 
70 saturation resistance. Through their emitters they can 
source 100 mA up to 1V above ground for driving ground
ed NPNs and SCRs. Unfortunately, this kind of drive 
capability can calise thermally induced chip destruction 
unless total power dlsslpatlon.is limited to less than 
1000 mW. It is good practice and highly recommended to 
allow the digital output devices to fully saturate at all 
times (sinking or sourcing) and to limit the current at 
saturatlo'n to no more than 100 mAo For extra drive the 
two digital outputs can always be summed by connect
Ing pin 7 to pin 9. 

The IF frequency Is not constrained to be 455 kHz. Opera
tion Is limited on the high end to about 1 MHz due to the 
frequency response limitations of the active, detector. 
The low end Is limited to about 50 kHz due to the 

--'--- .... -.. --.. -~ ~-"'---"''''I ..... " .. ; ......... tC;,.."ro A) tfllVClIUfJO UIi:JLg\.HVI IIIL .... I::f' .......... , • ........ I' ';;/_. _ "" 

Receiver Alignment 

The receiver alignment procedure is relatively straightfor
ward because of an absence of Interaction between the 
adjustments. First, the oscUiator Is tuned by adjusting L 1 
while monitoring the LO signal at pin 2 with a low capaci
ty (a!10 pF) probe. During tuning the ampll!IJde will rise, 
peak, and then abruptiy quit. Adjust the,tlll away from 
the quitting point and just below the amp.ltude peak. 

In order to properly tune T1, T2, and T3, the RF signal 
must be provided through ihe receiver antenna by the 
specific transmitter which Is to be used with that specific 
receiver. This Is because the crystals which are common
ly used with these systems may have tolerances as loose 
as ±0.01%. At 49 MHz the resultant ±5 kHz deviation 
could easily put the Incoming signal out of the 3.2 kHz 
recel.ver IF bandpass. The signal should be coupled 
through the receiving antenna to ensure proper loading 
of the T3 I nput tank. 

Alignment is easier with a defeated AGC, which is ac
complished by merely grounding pin 16, The amplitude of 
the455kHzsignai at pin 15 is usedtoguidealignment.Care 
should be exercised that the. signal swing not exceed 
roughly 400 mVp or diode, 02, in Figure 4 will threshold and 
clamp the waveform. Also note that a standard 10 pF probe 
at pin 15 will shift the IF tank frequency an undesirable 
2 kHz. Unless a lower capacity probe is available, it is 
'recommended that the signal be monitored at the unused 
secondary of T2. Although the signal amplitude would be 
down by a factor of 8.25 relative to pin 15, up t050 pF probe 
capacitance could be tolerated with negligible frequency 
shift. 

The incoming signal Is obtained by removing the antenna 
from the transmitter and then locating the transmitter at 
a suffiCient distance from the receiver to give a conven
Ient signal level ( .. 400 mVp) at pin 15. T3, T1, and T2 are 
then tuned for maximum signal. 
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Applications 

Operation at 72 MHz 

The licensed 72 MHz band Is popular among hobby en
thusiasts for controlling aircraft. The higher transmitted 
power levels that the FCC allows yield much greater 
operating range and the frequency band is uncluttered 
relative to 27 MHz. Elevated frequencies such as 72 MHz 
are no problem with the LM1872. The part is stable and 
will provide good sensitivity and selectivity at that fre
quency. The application circuit In Figure 8 will provide a 
set of solid decoded outputs for <2 IJ.V of signal at the 
antenna Input, which Is deSigned to match the 1000 
resistive Impedance of the 114 wavelength antenna. IF 
bandwidth Is a respectable 3.2 kHz. For good Immunity to 
overload from a very closely (antenn,as touching) 
operating high power transmitter, the transmitter design 
should empha'slze a high carrier ON/OFF ratio. Using the 
LM1871 as a low power exciter to drive one or more exter
nal class C power amplifier stages will result In a simple, 
........................... 1,.. 1""", I""nQt tr!l:lnqmittpr At 7'- MHz. ................... _ ........ , .- .. --_ ... _ ... -.. -_. 

Inasmuch as many hobby applications require more 
analog channels than the LM1872 normally provides, par
ticular attention should be paid to Figures 10 and 12 
which describe how to expand analog channel capacity 
up to 4 and 6 channels, respectively. 

Operation with an IR Carrier 

An infra-red (or visible) light data link is a useful alterna
tive to its RF counterpart. Should the application demand 
th'at the radiation not leave the room, or that it be direc
tional, or not involve FCC certification then a light carrier 
should be given consideration. The principal drawbacks 
to this approach include short range ( .. 20 ft.) and high 
transmitter power consumption. There is little that can 
be done to dramatically improve range, but short burst
type operation of the transmitter will still permit battery 
operation. 

The information link (Figure 9a) consists of a light carrier 
amplitude modulated by a 455 kHz subcarrier. The sub
carrier in turn is modulated by the normal Pulse Width/ 
Pulse Count Scheme produced be the LM1871 encoder. A 
husky, focused LED is used as the transmitter running 
Class A 100% modulated with an average current drain 
of 50 mA to 500 mA depending upon range requirements. 
The detector consists of a large area silicon PN or PIN 
photodlode for good sensitivity. The LM1872 will directly 
interface to such a diode and give very good perfor
mance. Only a few nanoamps of photo current from 01 
are required to threshold the detector. Ambient light re
jection is excellent due to the very narrow bandwidth (a!3 
kHz) that results from the use of three high Q 455 kHz 
transformers, T1, T2, and T3. Note that the LO has been 
defeated and the mixer runs as a conventional 455 kHz 
amplifier. Otherwise, circuit operation is the same as If 
an RF carrier were being received. 
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Rl 
20 

l~:~~~::o-~~~~-,~--------~--------------------~------------~--~------, 
+ C5 

+ 

LO 

Cl T O•01 

Rl - Motor decoupll ng 

R2 -Synctlmer;R2= t'SYNC.R2s470k 
0.7 C6 

R3 - Mixer decoupllng 

Cl - LO bypass; optional 

C2 - LO tank; C2=22 pF @ 72 MHz 

C3 - Ant. Input tank; C3=24 pF @ 72 MHz 

C4 - VBIAS bypass 
C5 - Motor decoupllng 

C6 -Synctlmer;C6= t'SYNC,C6S0.5pF 
0.7 R2 

C7 - Mixer decouple; 0.01 pFsC7s0.1pF 

C6 - AGC 

C9 - IF bypass; optional 

Cl0 - V+ bypass; 0,01 pFsCl0s0.lpF 

~100~F 

01 

Cl0 

~'01 
IOIGITAL OUTPUTS' . 

MIX IN v+ CHA CHA CHB 
ICOLLECTOR) (EMITTER) (COLLECTOR) 

LM1872 

IF OUT GNO SYNC 

15 14 13 

JLJL 
'::" 

(ANALOG OUTPUTS) 

R2 
lOOk 

C12 - Ant. Input tank; C12 = 160 pF @ ;2 MHz 
Ll -LOcoll 

Toko' 10k type (KENC) 4T; 0.2 ~H @ 72 MHz 
ILl could be made a fixed con, If desired. 

T1 - 455 kHz mixer transformer 
Toko' 10 EZC type (RMC·502162), Qu = 110 
Pin 1-2. 82T; pin 2-3, 82T 
Pin 1-3, 164T; pin 4-6, 30T 

T2 - 455 kHz IF translormer 
Toko' 10 EZC type (RMC'502503), Qu= 110 
Pin 1-2, 82T; pin 2"3, 62T 
Pin 1-3, 164T; pin 4-6, 6T 

T3 - Ant. Input transformer 
Toko 40k type (KENC), 4T sec. & 2T prl. of 0.2 ~H @ 

72 MHz 

Xl - 5th oYertone crystal, parallel·mode, 72 MHz 

01 - Electrostatic discharge (ESO) protecUon 

• Toko America, Inc. 
5520 West Touhy Ave. 
Skokie, III. 60077 
(312)677-3640 Tlx: 72·4372 

FIGURE 8. 72 MHz Receiver Circuit 

In a practical. remote data link, the transmitter could be 
battery operated and set up to transmit for brief Intervals 
only in order to save power. The brief transmission could 
be used to set or reset the digital output latches In the 
LM1872 and lor command new motor positions via the 
analog channels. After transmission, the commands 
would be stored electrically In the case of the digital 

9·126 

channels and the mechanically In the case of the analog 
channels. 

As a final note, If the case of 01 Is connected to the' 
anode rather than the cathode, the circuit of Figure 9b 
should be used at the input to maintain electromagnetic 
shielding. 
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FIGURE 9a. IR Type Data Link 

Rl - Load decoupllng 
I 

R2 -Synctlmer;R2= __ ,R2s470k 
0.7 C6 

R3 - Preamp decoupllng 
R5 - PhOlod(ode decoupllng 

Cl - Pholodlode decoupllng 

C2 - V BIAS bypass 
C3 - V + bypass 

C4 - Load decoupllng 

C5 - IF bypass; opllonal 

C6 -Sync timer; C6= I'SYNC,C6S0.5pF 
0.7 R2 

C7 - Preamp decoupllng 

C8 - AGC 

T1 - 455 kHz preamp Iransformer 
Toko· 10 EZC Iype (RMC·502182), au = 110 
Pin 1-2, 82T; pin 2-3, 82T 
Pin 1-3, 164T; pin 4-6, 30T 

T2 - 455 kHz IF transformer 
Toko· 10 EZC Iype (RMC·402503), au = 110 
Pin 1-2, 98T; pin 2-3, 66T 
Pin 1-3, 164T; pin 4-6, 8T 

T3 - 455 kHz inpullransformer 
- Toko· 10 EZC type (RMC·202313), au = 110 

Pin 1-2, 131T; pin 2-3, 33T 
Pin 1-3, 164T; pin 4-6, 5T 

01 - PN or PIN Silicon Photodlode 

Vactec 
Vaetee 
UOT 
UOT 
Siemens 

Pholodlode, 01 

VTS 5088 
VTS 6089 
PIN 60 or 6 OP 
PIN 220 OP 
BPY 12 

.. Toka America, Inc. 
5520 West Touhy Ave. 
Skokie, III. 60077 
(312)677-3640 Tlx: 72·4372 

CI 
0.01 

P 
R5 
10k 

Acllve Area (cm2) 

0.18 
0.52 
0.20 
2.0 
0.20 

FIGURE 9b •. Input Stage Where the Case of 01 Is 
Connected to the Anode 
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Applications (Continued) 

Expansion to Four Analog Channels 

For those applications that require more than the two 
analog channels that are normally provided, the LM1872 
can easily be expanded to 4 channels with appropriate 
external circuitry. This Is accomplished by creating a 
pseudo-sync pulse (tps) among a six channel transmitted 
frame from the LM1871 (Figure 10). The pseudo-sync 
pulse deceives the decoder In the LM1872 causing 
premature recognition of end-of-frame, effectively split
ting a single' frame into two. The idea Is to transmit 
analog channels 1 and 2 In the first half of the normal 
frame period and analog channels 3 and 4 In the second 
half. External logic will then steer the four channels from 
the LM1872's only two analog output pins Into four new 
analog outputs. Steering Is accomplished with the help 
of one of the digital channels. Inasmuch as the digital 
channels resppnd only to the number of pulses received 

between any two sync (or pseudo-sync I) pulses, the chan
nels are capable of toggling In step with the alternating 
transmission of two and three channel pulse mini-groups 
occurring within each half frame_ Figure 10a reveals that 
both digital channels A and B are high during the dual 
pulse half frame and low during Its triple pulse counter
part_ Figure 10b shows just how simple the external cir
cuitry can be_ Digital channel B drives the channel select 
pin of a quad 2-input MUX that routes the LM1872 chan
nels 1 and 2 outputs to the four new outputs labeled 
analog 1 through 4. 

Although not the model of Simplicity of Figure 10b, 
Figure 10c is a lower cost alternative that works just as 
well. The diodes with the asterisk prevent a ground step 
from occurring that could false trip an excessively edge 
sensitive servo and can be eliminated In many cases. 

TX RF 
SIGNAL 

--.II n ANALOGI.....-----...:....---.. ANALOG·L----------

CH 1 
OUTPUT 

RX 
OUTPUTS 

PRIOR 
TO 

CHANNEL 
SEPARATION 

AUXILIARY 
DECODER 
ANALOG 
OUTPUTS 

l 

1 J n n -----..IANALOG·L----------... ANALOG·L--------

2 4 

--.II ANALOG--~--------------------

1 ____ ~n~ ___________________ ~ 
ANALOG 

2 n ---------------------------..IANALOGI.....------------------

J. 

n 
------------------------------------... ANAL0 GI.....-------------

4 

a) Transmitter, Receiver, snd Auxiliary Decoder Timing Diagram 

FIGURE 10. Deriving Four Analog Channels Through the Use of 
an Auxiliary Decoder 
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b) Simple Decoding of Four Analog Channels with CMOS 
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* see text 
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c) Low·Cost Decoding of Four Analog Channels with DTL 

FIGURE 10. Deriving Four Analog Channels Through the Use of 
an Auxiliary Decoder 

Four Single Channel Receivers Driven from a Single 
Transmitter 

When it Is desired to control more than two vehicles or 
remote stations with the analog Information from a 
Single transmitter, the LM1872 can be put to the task. By 
utilizing the frame splitting technique previously de· 
scribed in Figure 10, up to four Independent Single 
analog channel receivers can be made to operate from a 
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single transmitter (Figure 11). Toggling digital channel A, 
either directly or through an inversion, is used to sup· 
press a given receiver's analog output when the 
undesired analog channels are transmitted. In this man· 
ner, only the desired analog channel is outputted at each 
receiver. The amount of external circuitry required to do 
this is minimal; two receivers require a single transistor 
apiece while the other two receivers need no extra parts 
at all. 
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b) Simple Channel Separation with Two External Transistors 

FIGURE 11_ Obtaining Four Independent Single Analog Channel Receivers 
from a Single Common Transmitter 
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expansion to Six Analog Channels 

Stili greater analog capacity can be obtained with an out· 
board auxiliary decoder. The LM1B72, a simple com· 
parator, and an B·blt parallel·out serial shift register com· 
prise a six analog channel receiver/decoder (Figure 12). 
The one transistor comparator reconstructs the detector 
o'utput of the LM1B72 from the sync timer waveform and 
feeds It to the clock input of the shift register. The chan· 
nel 1 output then loads a "one" into the register and the 
clock shifts the "one" down the line of analog channel 
outputs in accordance with the time Information from the 
detector output. Note that the reconstructed detector 
waveform lags the channel 1 output very slightly (~10 lIS) 
due to the finite slope of the sync capacitor discharge 
edge. This delay Is very important as it Insures that chan· 
nel1 Is high when the clock strikes Initially (thus loading 
a "1 ") and low for each subsequent positive clock edge 
(thus preventing the loading of extraneous "1's"). 

SIGNAL ______ ........ 

SYNC TIMER 
(LMI872 PIN 13) 

Converting an Analog Channel to a Digital Channel 

Either analog channel can be converted to a digital chan· 
nel with the aid of a low cost CMOS hex Inverter (F/gure 
13). The Internal 10k resistor and external capacitor, C1, 
set a time constant (1 ms) that falls between a short (0.5 
ms) and a long (2 ms) ,transmitted pulse option. For 
pulses longer than 1 ms, the first Inverter will pull low 
momentarily once each frame. Repetitive discharges of 
C2 prevent It from ever reaching threshold (V + 12) 
because the R1 C2 time constant Is set longer (70 ms) 
than the frame period. With the Inverter Input below 
threshold, Q1 will energize the load. For analog output 
pulses shorter than 1 ms, the first Inverter will back bias 
D1 allowing C2 to ramp past threshold and Q1 to go off. 
For extra output drive, the remaining Inverters In the 
package can be paralleled to drive Q1. Alternatively, for 
light loads Q1 can be eliminated altogether. 

RECONSTRUCTED ~ DETECTOR OUTPUT 
(MM74CI64 PIN 8) _______ _ 

LMI872 CH 1 OUTPUT --------11 
ANALOGI ~ 

------,Ir:D~!'S:--=j~ ::ms 
ANALOG2 ~L _____________ __ 

ANALOG 3 ___________ .JIJL-_________ _ 
ANALOG4 _____________ ...... ,-,L-______ _ 
ANALOG5 _______________ ......IIIL _____ _ 
ANALOG6 _________________ ......... rlL. __ _ 

a) Six Channel Timing Diagram 
V+'6V 

4.7k 

... -+--+---......::.jCLOCK 

SYNC t:1,;;,3 ..... -t.-4IH 

LMI872 

II 
CH 1 

ANALOG 
, 5 

ANALOG 
6 

NC 

NC 

14 

b) Six Channel Auxiliary Decoder 

FIGURE 12. Deriving Six Analog Channels 
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Applications (Continued) 

Where only one. of the two available analog channels 
needs conversion to a digital format, the LM555 ap
proach bffers simplicity combined with up to 150 mA of 
output drive (Figure 14). The trailing edge of CH 1's out
put pulse' Is used to reset the timer In preparation for 
comparing CH 2's pulse width to the time constant (1.1 
ms) set by the Internal 10k resistor and C1. For CH 2 
pulse widths greater than 1.1 ms C1 ramps to threshold, 

--

.Jl 
110!l12 

C1 
0.151'F 

T±1o% 

setting an Internal latch In the LM555 and causing the 
load to be energized. Due to the timing of the reset pulse, 
however, the LM555 output will go high again for 1.1 ms 
during the next pulse comparison cycle thus producing 
an ON state duty cycle of about 95%. For most common
ly encountered loads such as motors, solenoids, lamps, 
and horns, this Is of little consequence. The OFF state 
duty cycle Is 100%. 

V+ =6V 

C2 
0,01 I'F T 

FIGURE 13. Conversion of an Analog Channel 
to a Digital (On/Off) Channel ; 

.. ----IF---4 ..... --~ THRESHOLD 

LM1872 LM555 

CONTROL 

... -f.;.;..-t F;.;;.;.. ... _...;2~ TRIGGER DISCHARGE 7 

--
FIGURE 14. Simple Conversion of an Analog to a Digital Channel 
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Applications (Continued) 

Bridge Driving a Motor 

The two digital channels can be used to propel a car for
ward, off, and reverse without the need for a costly servo 
(Figure 16). The 100 mA digital output capability is used to 
drive a bridge of four transistors with Q5 added as a protec
tlpn device. Should an erroneous command to power both 
sides of the bridge occur (as may happen due to noise with 
the car out of range) the large motor drive transistors would 
fillht one another resulting in the thermal destruction of 
one or more of those devices. But Q5 will disable the left 
side of the bridge whenever the right side is powered 
preventing the problem from ever occurring. The motor 
noise suppression network shown has proven to be 
especially effective in reducing electrical noise and is 
therefore highly recommended. 

Noise Integration of a Digital Channel 

Commonly available inexpensive DC motors are a for
midable source of electromagnetic Interference. Radia-

LMI872 
v+ 

10k 

11 

14 

tion can come from the power feed leads and/or directly 
from the brushes. Usually proper lead dress and board 
orientation coupled with a good filter network (see Figure 
16) will eliminate any problems. In particularly stubborn 
cases of motor interference, the digital channels may ex
perience more objectionable interference than the 
analog channels. This is generally not because the 
digital channels are more susceptible, but rather 
because the type of load they typically drive (i.e. a horn) 
will make more of a nuisance of itself than a typical 
analog load (i.e. a steering servo) when subjected to 
interference. 

Straightforward time integration ofthe digital channel out
puts works very well with any type or degree of motor in
terference. Theslmple circuits of Figure 171ntegrateover a 
period of about three frames (70 ms) and have approximate
ly equal delay either going off or coming on. 

FIGURE 15_ Interfacing Directly to Standard Hobby Servos 
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Applications (Continued) 

V+= 6V 

LM1B72 V+ 

10 

10 

FIGURE 16. Digital Bridge Motor Drive 

V+ =6V 

6 

a) Low Current Load b) High Current Load 

FIGURE 17. Integrating a Digital Channel Output to Achieve Noise Immunity 
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~National 
~ Semiconductor 

Industrial Blocks 

LM2907, LM2917 Frequency to Voltage Converter 
General Description 
The LM2907, LM2917 series are monolithic frequency 
to voltage converters with a high gain op amp/compara
tor designed to operate a relay, lamp, or other load when 
the input frequency reaches or exceeds a selected rate. 
The tachometer uses a charge pump technique. and 
offers frequency doubling for low ripple, full input 
protection in two versions (LM2907-8, LM2917-8) 
and its output swings to ground for a zero frequency 
input. 

Advantages 
• Output swings to ground for zero frequency input 
g Easy to use; VnllT = f'N X Vee x Rl x Cl 

• Only one RC network provides frequency doubling 

• Zener regulator on chip allows accurate and stable 
frequency to voltage or current conversion. (LM2917) 

Features 
• Ground referenced tachometer input interfaces 

directly with variable reluctance magnetic pickups 
• Op amp/comparator has floating transistor output 

• 50 mA sink or source to operate relays, solenoids, 
meters, or LEDs 

• Frequency doubling for low ripple 

• Tachometer has built-in hysteresis with either differ-
ential input or ground referenced input 

• Built-in zener on LM2917 

• ±0.3% linearity typical 
• Ground referenced tachometer is fully protected 

from damage due to swings above Vee and below 
ground 

Applications 
• Over/under speed sensing 
'" Frequency to voltage conversion (tachometer) 

• Speedometers 
• Breaker point dwell meters 

• Hand·held tachometer 
• Speed governors 

• Cruise control 
• Automotive door lock control 

• Clutch control 

• Horn control 
• Touch or sound switches 

Block and Connection Diagrams Dual·ln·Line Packa.ges, Top Views 

Ne Ne 

Order Number LM2907N-8 Order Number LM2917N-8 
See NS Package NOSB See NS Package NOBB 

Order Number LM2907J 
See NS Package J14A 

Order Number LM2907N 
See NS Package N14A . 

v' 

Ne Ne 

NC 
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Ne 

Order Number LM2917J 
See NS Package J14A 

Order Number LM2917N 
See NS Package N14A 

v' 

Ne NC 



Absolute Maximum Ratings (Note 1) 

Supply Voltage 28V Input Voltage Range 
Supply Current (Zener Options) 25mA Tachometer LM2907-8. LM2917-8 ±28V 
Collector Voltage 28V LM2907. LM2917 O.OV to+28V 
Differential Input Voltage Op Amp/Comparator O.OV to +28V 

Tachometer 28V Power Dissipation I SOOmW 
Op Amp/Co~parator 28V . Operating Temperature Range -40°C to +8SoC 

Storage Temperature Range -6SoC to +ISO"C 
Lead Temperature (Soldering. 10 seconds) 300°C 

Electrical Characteristics vcc ='12 Voc. TA = 25°C, see test circuit 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

TACHOMETER 

Input Thresholds V IN = 250 mVp-p @ 1 kHz (Note 2) ±10 ±15 ±~O mV 

Hysteresis VIN = 250 mVp-p @ 1 kHz (Note 2) 30 mV 

Offset Vo I tage VIN = 250 mVp-p@ 1 kHz (Note 2) 

LM2907/LM2917 3.5 10 mV 

LM2907-8/~M2917-8 5 15 mV 

Input Bias Current V IN = ±50 mVoc 0.1 1 p.A 

VOH VIN = +125 mVoc (Note 3) 8.3 V 
Pin 2 

VOL V IN = -125 mVoc (Note 3) 2.3 \f 

Output Current; 12 , 13 V2 = V3 = 6.0V (Note 4) 140 180 240 p.A 

Leakage Current; 13 12= 0, V3 = 0 0.1 p.A 

Gain Constant, K (Note 3) 0.9 1.0 '1.1 

Linearity fiN = 1 kHz, 5 kHz, 10 kHz, (Note 5) -1.0 0.3 +1:0 % , 

OP/AMP COMPARATOR 

Vas VIN = 6.0V 3 10 mV 

ISlAS V IN = 6.0V 50 500 nA 

Input Common-Mode Voltag~ 0 Vcc-l.5V V 

Voltage Gain 200 V/mV 

Output Sink Current Vc = 1.0 40 50 mA 

Output Source Current Ve=Vcc- 2.O 10 mA 

Saturation Voltage ISINK = 5 mA 0.1 0.5 V 

ISINK = 20 mA 1.0 V 

ISINK = 50mA . 1.0 1.5 V 

ZENER REGULATOR 

Regulator Voltage ROROP = 470n 7.56 V 

Series Resistance 10.5 15 .n 

Temperature Stability +1 mV;oC 

TOTAL SUPPLY CURRENT 3.8 6 mA 

Note 1: For operation in ambient temperatures above 2SoC, the device must be derated based on a 15<fC maximum junction temperature and a 
thermal resistance of 175° C/W junction to ambient for packaga 22 and 16 or a thermal resistance of 187" C/W junction to ambient for package 20. 
Note 2: Hysteresis is the sum +VTH-(-VTH), offset voltage is their difference. See test circuit. 
Note 3: VOH is equal to 3/4 x VCC - 1 VSE. VOL is equal to 1/4 x VCC - 1 VSE therefore VOH - VOL = VCC/2. The difference, VOH -
VOL, and the mirror gain, 12113. are the two factors that cause the tachometer gain constant to vary from 1.0. 

Note 4: S. sur. when choosing the time constant Rl x Cl that Rl is such that the maximum anticipated output voltage at pin 3 can be reached 
with 13 x R 1. The maximum value for R 1 is limited by the output resistance of pin 3 which is greater than 10 MSl typically. 
Note S: Nonlinearity is defined as the deviation of Vout (@ pin 3) fortiN = 5 kHz from a straight line defined by the VOUT @ l'kHz and VOUT 
@ 10 kHz. Cl = 1000 pF, Rl ~ 6Sk and C2 = 0.22 mFd. 
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Typical Performance Characteristics 
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'" 8i Typical Performance Characteristics (Continued) 
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General Description (Continued) 

The op amp/comparator is fully compatible with the 
tachometer and has a floating transistor as its output. 
This feature allows either a ground or supply referred 
load of up to 50 mAo The collector may be taken above 
Vee up to a maximum VeE of 28V. 

The two basic configurations offered include an 8'pin 
device with a ground referenced tachometer input and 
an internal connection between the tachometer output 
and the op amp non·inverting input. This version is 
well suited for single speed or frequency switching or 
fully buffered frequency to voltage conversion 
appl ications. 

Test Circuit and Waveform 

TACHDMETER 
SECTIDN 

CIT Ie TACHDMETER 
INPUT 

IBIASt 

RI-::- 1'C2 

Applications Information 
The LM2907 series of tachometer circuits is designed 
for minimum external part count applications and 
maximum versatility. In order to fully exploit its 
features and advantages let's examine its theory of 
operation. The first stage of operation is a differential 
amplifier driving a positive feedback flip·flop circuit. 
The input threshold voltage is the amount of differen
tial input voltage at which the output of this stage 
changes state. Two options (LM2907-8, LM2917-8) 
have one input internally grounded so that an input 
signal must swing above and below ground and exceed 
the input thresholds to produce an output. This is 
offered specifically for magnetic variable rei uctance 
pickups which typically provide a single-ended ac 
output. This single input is also fully protected against 
voltage swings to ±28V, which are easily attained with 
these types of pickups. 

The differential input options (LM2907, LM2917) 
give the user the option of setting his own input 
switching level and still have the hysteresis around that 
level for excellent noise rejection in any application. 
Of course in order to allow the inputs to attain common· 
mode voltages above ground, input protection is removed 

The more versatile configurations provide differential 
tachometer input and uncommitted op amp inputs. 
With this version the tachometer input may be floated 
and the op amp becomes suitable for active filter condi
tioning of the tachometer output. 

Both of these configurations are available with an active 
shunt regulator connected across the power leads. The 
regulator clamps the supply such that stable frequency 
to voltage and frequency to current operations are 
possible with any supply voltage and a suitable resistor. 

I acnometar input liln~::tiIUjU i,iuG"ul'::";";'Oi~ 

V2 

NEGATIVE /J POSITIVE 
INPUT"/ / {/ INPUT 

THRESHOLD THRESHOLD 
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V,N TACHDMETER 

and neither input should be taken outside the limits of 
the supply voltage being ·used. It is very important 
that an input not go below ground without some resis· 
tance in its lead to limit the current that will then flow 
in the epi·substrate diode. 

Following the input stage is the charge pump where the 
input frequency is converted to' a dc voltage. To do this 
requires one timing capacitor, one output resistor, and 
an integrating or filter capacitor. When the input stage 
changes state (due to a suitable zero crossing or differ
ential voltage on the input) the timing capacitor is either 
charged or discharged linearily between two voltages 
whose difference is Vee/2. Then in one half cycle of 
the input frequency or a time equal to 112 fiN the 
change in charge on the timing capacitor is equal to 
Vee /2 x C1. The average amount of current pumped 
into or out of the capacitor then is: 

LlQ . Vee T = Ic(AVG) = C1 --2- x (2fIN ) = Vce x fiN x C1 

The output circuit mirrors this current very accurately 
into the load resistor R 1, connected to ground, such that 
if the pulses of current are integrated with a filter 



Appli~ations Information (Continued) 

capacitor,. then, Va = ie X R I, and the total conver
sion equation becomes: 

Vo = Vee Xf lN xCI x Rl x K 
Where K is the gain constant-typically 1.0. 

The size of C2 is dependent only on the amount of 
ripple voltage allowable and the required response time. 

CHOOSING R1 AND C1 

There are some limitations on the choice of R1 and C1 
which should be considered for optimum performance. 
The timing capacitor also provides internal compensa
tion for the charge pump and should be kept larger than 
100 pF for very accurate operation. Smaller values can 
cause an error current on R 1, especially at low tempera
tures. Several considerations must be met when choosing 
R 1. The output current at pin 3 is internally fixed and 
therefore Vo/Rl must be less than or equal to this value. 
If R 1 is too large, it can become a significant fraction of 
the output impedance at pin 3 which degrades linearity. 
Also output ripple voltage must be considered and the 
size of C2 is affected by R 1. An expression that describes 
the ripple content on pin 3 for a single R 1 C2 combin
ation is: 

Vee Cl ( Vee x fiN XCI) 
VRIPPLE = -- X - x 1 - . pk-pk 

2 . C2 12 

It appears RIcan be chosen independent of ripple, 

however response time, or the time it takes VOUT to 
stabilize at a new voltage increases as the size of C2 
increases so a compromise between ripple, response 
time, and linearity must be chosen carefully. 

As a final consideration, the maximum attainable input 
frequency is determined by Vee, Cl and 12 : 

12 
fMAx = ---

Cl x Vee 

USING ZENER REGULAT~D OPTIONS (LM2917) 

For those applications where an output voltage or 
current must be obtained independent of supply voltage 
variations, the LM2917 is offered. The most important 
consideration in choosing a dropping resistor from the 
unregulated supply to the device is that the tachometer 
and op amp circuitry alone require about 3 mA at the 
voltage level provided by the zener. At low supply 
voltages there must be some current flowing in the 
resistor above the 3 mA circuit current to operate the 
regulator. As an example, if the raw supply varies from 
9 to 16V, a resistance of 470n will minimize the zener 
voltage variation to 160 m V. If the resistance goes under 
400n or over 600n the zener variation quickly rises 
above 200 mV for the·same input variation. 

Typical Applications 
Minimum Component Tachometer 

vee 

1 
"Speed Switch" Load is Energized When fiN;:: -

2RC 

+VOUT 

10k 

.... -------"'-0 vee 
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Zener Regulated Frequency to Voltage Converter 

vee 

+ VOUT 

lOOk 



Typical Applications (Continued) 

Breaker Point Dwell Meter 

B+.------------t------------------.-----, 

PDINTS+---, 

GRDUND~ 10k 

2Dk 

Voltage Driven Meter Indicating Engine RPM 
Vo =,6V @400 Hz or 6000 ERPM 18 Cylinder Engine) 

B+o-----~~------------._----------------~----, 

470 
DISTRIBUTOR 

P 
~REAKER \. 

POINTS 1 
10k 

+ 

VOUT 

Current Driven Meter Indicating Engine RPM Capacitance Meter 
10 = 10 mA @ 300 Hz or 6000,ERPM 16 Cylinder Engine) VOUT = 1-10V for Cx = 0,01 to 0,1 mFd 

IR = lllk) 

B+~--------e-------------------~----~ 

BREAKER 
POINTS 

10k 

10k 

20k,:, 0,02"F J 

15V 

50k 

5k 

9-141 

+ 

VOUT 



Typical Applications (Continued) 

Two-Wire Hemote Speed Switch 

t-----~~--------------~OGNO 

I'N 

1 J 
100 Cycle Delay Switch 

Ie 

V3 steps up in voltage by the amount 

V3 

Ie 

Vcc x Cl 

C2 
for each complete input cycle (2 zero crossings) 
Example: 
If C2 = 200 Cl after 100 consecutive input cycles. 

V3 = 1/2 VCC 

Variable Reluctance Magnetic Pickup Buffer Circuits 

Precision two~shot output frequency equals 
VCC Cl Vee 

twice input frequency. Pulse width = 2 12 

10k JUUl 

100 NO. 
OF CYCLES 

Vee 

+ 
VOUT 

SWING'" 1/2 Vee 



Typical Applications (Continued) 
Finger Touch or Contact Switch 

r---------.----OSTD 15V 

CONTACT 
PLATE 

INPUT 
160 Hz) 

Q 

Frequency to Voltage Converter with 
Flashing LED Indicates Overspeed 

- ... --------... _014V 

"N 

Flashing begins when'flN ~ 100 Hz. 
Flash rate increases with input frequency 
increase beyond trip point. 

Vee 

/]/ 
LED 

;t;: rOle DunurwulLi. ;:i:i.",. i..::. ~.:~~=:; ~:;:;:!': 

0.707 
fpOLE= --

2"RC 

2.57 
TRESPONSE = 2"fpOLE 

r 

Vee 

~c 

2C 

Overs peed Latch 

410 

R2 Rl 

Your 
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Output latches when 
R2\ 1 

fIN=--- -
Rl +R2 RC 

Reset by removing V ce. 

+ 
10k VOUT 



· Typical Applications (Continued) 

f'N 

Your 

Some Frequency Switch Applications May Require Hysteresis in the Comparator 
Function Which Can Be Implemented in Several Ways: 

12V 

50 

f'N 

12V 

41k 

f'N 

+ 
50k VOUT 

Your 

10.51--""""11 ...... 12Y 

12Y 

Uk 

+ 

VOUT 

r 

0.1 t:::~~===:L--o_ 
5.04 6.06 Y3 V3 
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Typical Applications (Continued) 

fiN 

lDODpF 1" 

~ 
lOOk 

Changing the Output Voltage for an Input Frequency of Zero 

r------O 10V, 

200 

+ 
10k VOUT 

1~:7~ 

Changing Tachometer Gain Curve 
or Clamping the Minimum Output Voltage 

IDV 

91k 

VOUT 
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Anti·Skid Circuit Functions 
"Select-Low" Circuit 

v"o-------------------------~----------------------------_, 

WHEEL I~~~~ 0-------------------------+----------., 

1k 

+ 
1k VOUT 

'::" 
-!--

"Select-High" Circuit 

v~o-------------------------~----------------------------_., 

WHEEL '=~U~ 0------------------------+----------., 

Your 

-!--

VOUT WHEEl NO.1 

/ 

WHEEL SPEED 

VOUT IS proportional to the lower 
'of the two input wheel speeds. 

WHEEL SPEED 

VOUT is proportional to the higher 
of the two input wheel speeds. 

v~o-------------------------~----------------------------_, 

',0-------------------------+----------., 
',0---------+--...., 

c 

p 

+ 
VOUT .. Vcc RClf1 .. fzl 
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Equivalent Schematic Diagram 

BIAS r----., 
I 
I 
I 
I 
I o' I 
I 03 I 
I ~ I 

I'" 

OP AMP tOP',PARATOR r,;-------------..., 
10 • I 

I 
I 

I 
I ~ 
I 
I ~ 
I I 
I I 
I I 
I I 
I ~ 
I I 
L - - INPUT ~TE;i,s AMf,lmER - - -' I J I 

I I L __________ ~ _____ ~ ____ J 

* Note: This connection made on LM2907-8 and 
LM2917-8 only. . 

* * Note: This connection made on LM2917 and 
LM2917-8 only. 

CHARGE PUMP 
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II?'A National a Semiconductor 
Industrial Blocks 

LM3080/LM3080A 
'Operational Transconductance Amplifier 

General Description. 
The LM3080 is a programmable transconductance block 
intended to fulfill a wide variety of variable gain applica' 
tions. The LM3080 has differential inputs and high 
impedance push·pull outputs.' The device has high input 
impedance and its transconductance (gm) is directly 
proportional to the amplifier bias current (lABe). 

High slew rate together with programmable gain make 
the LM3080an ideal choice for variable gain applications 
such as sample and hold, multiplexing, filtering, and 
multiplying. 

Schematic and Connection Diagrams 

The LM3080AH and LM3080AJ are guaranteed over 
the temperature range -5SoC to +125°C; the LM3080N, 
LM3080H, LM3080AN and LM3080J are guaranteed 
from O°C to +70°C. 

Features 
• Slew Rate (unity gain compensated): 50 Vllls ' 
• Fully Adjustable Gain: 0 to gm RL limit 
• Extended gm Linearity: 3 decades 
• Flexible Supply Voltage Range: ±2V to ±18V 

• Adjustable Power Consumption 

r----.~--~ __ ----------.-_o.v 

NC 

{-)INPUT 

(.) INPUT 

v-

(.) INPUT 0---------+--------' 
3 

AMPLIFIER o--.... -r
BIAS INPUT 5 

~---------~-----O-v 

Dual-tn-Line Package 

NC 

v· 

OUTPUT 

5 AMPLIFIER 
BIAS INPUT 

TOP VIEW 
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Order Number LM3080AJ or LM3080J 
See NS Package J08A 

Order Number LM3080AN 
See NS Package N08B 



Absolute Maximum Ratings 
Supply Voltage (Note 2) 

LM3080 ±18V 
LM3080A ±22V 

Power Dissipation 250mW 
Differential Input Voltage ±5V 
Amplifier 8ias Current (lABC) 2mA 
DC Input Voltage +Vs to -Vs 
Output Short Circuit Duration Indefinite 
Operating Temperature Range 

LM3080N, LM3080H, LM3080AN 
or LM3080J O°C to +70°C 
LM3080AH or LM3080AJ _55°C to +125°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

LM3080 LM3080A 
r:ifrcUIlt:~UI ~~~~!!!~!"~ -._.- Units 

Min, Iyp. iviax. IVIlIi • . ..,..,. ~.~~;:. 

Input Offset Voltage 0.4 5 0.4 2 mV 
Over Specified Temperature Range 6 5 mV 

IABC = 51lA 0.3 0.3 2 mV 

Input Offset Voltage Change 51lA';; IABC';; 500IJ.A 0.1 0.1 3 mV 

Input Offset Current 0.1 0.6 0.1 0.6 IJ.A 

Input Bias Current 0.4 5 0.4 5 IJ.A 
Over Specified Temperature Range 1 7 1 8 IJ.A 

Forward Transconductance (gm) 6700 9600 13000 7700 9600 12000 IJ.mho 
Over Specified Temperature Range 5400 4000 IJ.mho 

Peak Output Current RL = 0, IABC = 5IJ.A 5 3 5 7 IJ.A 

RL = 0 350 500 650 350 500 650 /.I.A 
RL = 0 300 300 IJ.A Over Specified Temperature Range 

Peak Output Voltage 
Positive RL = 00, 51lA';; IABC ';; 500IJ.A +12 +14.2 +12 +14.2 V 
Negative RL = 00, 5IJ.A';; IABC';; 500IJ.A -12 -14.4 -12 -14.4 V 

Amplifier Supply Current 1.1 1.1 mA 

Input Offset Voltage Sensitivity 
Positive Ll.VOFFSETILl.V+ 20 150 20 150 IJ.V/V 
Negative Ll.VOFFSETILl.V- 20 150 .. 20 150 IJ.V/V 

Common Mode Rejection Ratio 80 110 80 110 dB 

Common Mode Range ±12 ±14 ±12 ±14 V 

Input Resistance 10 26 10 26 kn 
Magnitude of Leakage Current IABC= 0 0.2 100 0.2 5 nA 

Differential Input Current IABC = 0, Input = ±4 V 0.02 100 0.02 5 nA 

Open Loop Bandwidth 2 2 MHz 

Slew Rate Unity Gain Compensated 50 50 V/IJ.s 

Note 1: These specifications apply for Vs = ± 15 V and T A = 2SoC, amplifier bias current (IABCI = 500 #lA, unless otherwise specified. 
Nota 2: Selections to supply voltage above ±22V. contact the factory. 
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Typical Perform.ance Characteristics 

Input Offset Voltage 
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Typical Performance Characteristics '(Continued) 

Input and Output Capacitance 
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~National 
~ Semiconductor 

'Industrial Blocks 

LM3909 LED Flasher/Oscillator 
General Description 
The LM3909 is a monolithic oscillator specifically 
designed to flash Light Emitting Diodes. By using the 
timing capacitor for voltage boost, it delivers pulses of 
2 or more volts to the LED while operating on a supply 
of 1.SV or less. The circuit is inherently self-starting, 
and requires addition of only a battery and capacitor 
to function as a LED flasher. 

Packaged in an S-Iead plastic mini-DIP, the LM3909 
will operate over the extended consumer temperature 
range of -2SoC to +70°C. It has been optimized for low 
power drain and operation from weak batteries so that 
continuous operation life exceeds that expected from 
battery rating. 

Application is made simple by inclusion of internal 
timing resistors and an internal LED current limit 
resistor. As shown in the first two application circuits, 
the timing resistors supplied are optimized for nominal 
flashing rates and minimum power drain at 1.SV and 3V. 

Timing capacitors will generally be of the electrolytic 
type, and a small 3V rated part will be suitable for any 
LED flasher using a supply up to 6V. However, when 
picking flash rates, it should be remembered that some 
electrolytics have very broad capacitance tolerances, for 
example -20% to +100%. 

Schematic Diagram 

Typical 1.5V Flasher 

RLIM r---------, v· 

.. 
3k 

20' 

01 
&.5V 

40' 

400 

L. _________ .J 

Features 
• Operation over one year from one C size flashlight 

cell 

• Bright, high current LED pulse 

• Minimum external parts 

• Low cost 
• Low voltage operation, from just over 1 V to SV 
• Low current drain, averages under O,S mA during 

battery life 

• Powerful; as an oscillator directly drives an sn speaker 
• Wide temperature range 

Applications 
• Finding flashlights in the dark, or locating boat 

mooring floats 
• Sales and advertising gimmicks 
• Emergency locators; .for instance on fire extinguishers 

• Toys and novelties 
• Electronic applications such as trigger and sawtooth 

generators 
• Siren for toy fire engine, (combined oscillator, speaker 

driver) 
• Warning indicators powered by 1.4 to 200V 

Connection Diagram 
Dual·1 n·Line Package 

• 
3k OUT Nt v-

FAST 
Ae TOP VIEW 

Order Number LM3909N 
See NS Package NOBB 

Typical Application 
(See applications notes on page 9-153) 

Triac Trigger 

.... --------.... --COM 

lMH09 

Ik 

PfOvldes40 mA.1D,uspulseut 
about 8 kHz. Triac gate may be 
puis. tralRfarmer isolated if 
desired. 

-1.4V FROM IAnERY OR 

.... -----------~--:~::.c:ip~~:~~~:RAIN 
NOMINALLY 5 mA. 
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Absolute Maximum Ratings 
Power Dissipation 500 mW 
V+ Voltage 6.4V 

Operating Temperature Range -25°C to +70°C 

Electrical Characteristics 

PARAMETER 
CONDITIONS 

MIN TVP MAX UNITS 
(Applications Note 3) 

Supply Voltage (In Oscillation) 1.15 6.0 V 

Operating Current 0.55 0.75 mA 

Flash Frequency 300).lF, 5% Capacitor 0.65 1.0 1.3 Hz 

High Flash Frequency 0.30IlF, 5% Capacitor 1.1 kHz 

Compatible LED Forward Drop 1 mA Forward Current 1.35 2.1 V 

Peak LED Current 350llF Capacitor 45 mA 

Pulse Width 350l1F Capacitors at 1/2 6.0 ms 

I Ampiiluci~ I I I I 

Additional Typical Applications (See applica~ions notes below.) 

Warning Flasher Typical Operating Conditions 
v' High Voltage Powered 

n, h v+ NOMINAL 
Ci- Rs RFB V~ANGE FLASH Hz 

RFB \{y 6V 2 400pF lk 1.5k 5-25V 

!ri. 17 
15V 2 180pF 3.9k lk 13-50V , , 

IOOV 1.7 180pF 43k lk 85-200V 
IW 

LMl909 'r'" 
\ 

---I' J' I' L 
-= 

Estimated Battery Life 
1.5V Flasher (Continuous 1.5V Flasher Operation) 

NSL'02' Q ~AJ 0.7 TYPE 
SIZE CELL 

STANDARD ALKALINE 
0.6 

,....- 8 b 6 r.-- :< /~ AA 3 months 6 months 
.s 0.5 C 7 months 15 months 
z V j D 1.3 years 2.6 years 

-:~15V 
0.4 

V lM39D9 

"" .., Note: Estimates are made from our tests and 0.3 , 
> manufacturers data. Conditions are· fresh bat-
I-

teries and room temperature, Clad or "'eak-

'\1 I' I' I!...-. 
0.2 

proof" batteries are recommended for any 

~E+ 
0.1 application of five months or more. Nickel 

1.0 1.1 1.2 1.3 1.4 1.5 1.6 Cadmium cells are not recommended. 

'v BATTERY VOLTAGE IVI 
Note. Nominal flash rate· 1 Hz. 

APPLICATIONS NOTES 

Note 1: All capacitors shown are electrolytic unless marked otherwise. 
Note 2: Flash rates and frequencies assume a ±5% capacitor tolerance. Electrolytics may vary -20% to +100% of their stated value. 
Note 3: Unless noted, measurements above are made with a 1.4V .supply. a 25°C ambient temperature. and a LED with a forward drop of 1.5V to 
1.7V at 1 mA forward current. 
Note 4: Occasionally a flasher circuit will fail to oscillate due to a LED defect that may be missed because it only reCfuces light output 10% or so. 
Such LEDs can be identified by a large increase in conduction between O.9V and 1.2V. 
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Typical Applications (Continued) (See applications notes on page 9·153) 

NSLSGZ' 

3V Flasher 

3DDJ.,F 
3V 

NSLSOl2 

Minimum Powar at 1.5V 

+ 
lM3909 1.5V 

IO~f 

Fast Blinker 

NSlSOZl 

lMJ909 l.IiV 

Note: Nominal fllSh r,le: 1 Hz. Average lORAIN = 0.11 mAo Nole: Nominalflashnte: 1.1 Hz.AllerageloRALN =OJ2mA. Note: Nommal flash rale 2.6 Hz. Average lORAIN'" 1.2 mAo 

Flashlight Finder 

TRANSLUCENT ~ 
SLlD'SWlTCH 

. ~-~~ .. - SHORT 1-1 fOR 
,SINGLE' CEll LIGHTS D-D---..l...~C .-------' ..... ,"-. 

(INSULATED) THROUGH 
RING CONTACT ON CASE BOTTOM 

Note: WtnkinlllED inSide, locates light 
tn total darkness. 

BULB ASSEMBL V 

Note: LM3909. capacitor, and LED are installed In • while translucent cap on the flashhght's back end. Only one contact stnp 
(in addition to the case connection) IS needed for flasher POWf't. Drawing current through the bulb simphfles wlrmg and causes 
negllgibla 105$ SIn'ii Lulh '1!5tsl.nce cold is typiCally leu than tH. 

4 Paralle' LEOs High Efficiencv Parallel Circuit 1 kHz Square Wave Oscillator 

" r-' .... Iot-...... M.-., NSlson OR 

]I 

" 

" 

lMlI01 

NSLOG2DR 
NSL5ft24 

'0' 

+ 
1.5V 

39 

" 

" 
'+ 

" 
,,, 

lM390J 

SGDOIlF 
750 3V 

SYMMETRY 

r lM3909 

0.21lF 

I5V 

OUT 

1.2 

1.0 

~ 
:l: 0.8 

~ 
" 0.6 > 
0-

'" ~ 0.4 

" 0.2 

t-f- -f-' 

+ 

1m. 2m. 
Note: Nominal flash rate: 1.3 H,. Average lORAIN'" 2 mAo Note. Nominal tI"h ,.te: 1.5 Hz. Average IDRAIN 'Z 1.5 mAo 
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, Typical Applications (Continued) (See applications notes on page 9-153) 

Ok 

··Buzz Box" Continuity and Coil Checker 

+ 

'L7U-161l 
r:::::J SPEAKER 

I 
I 

Nnt .. · n;ff"r"n,.p~ hptwl!pn ~hnr". eotls. and a few ohms of resistance can be heard. 

LED Booster 

Note: High efficiency, 4 rnA dram. 

Note: Continuous appearing light obtained by supplying 
short, high current, pulses (2 kHz) to LEOs with higher 
than battery voltage available. 

1.5V 

NSl5D27 

"-47 

Emergency Lantern/Flasher 

" 

Note: Nominal flash rat~; 1.5 Hz. 
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Variable Flasher 

lM3909 " 

Note: Flash rate: 0-20 Hz. 

Incandescent Bulb Flasher 

LM3909 

Note: Flash rate: 1.5 Hz. 

+ 1.5V 

Uk 

2.511 

'6V 

rs: 
fg 
o 
CO' 



~Nalional 
~ Semiconductor 

Industrial Blocks 

LM3911 Temperature Controller 
General Description 
The LM3911 is a highly accurate temperature measure
ment and/or control system for use over a -25°C to 
+85°C temperature range. Fabricated on a single mono· 
lithic chip, it includes a temperature sensor, a stable 
voltage reference and an operational amplifier. 

The output voltage of the LM3911 is directly propor· 
tional to temperature in degrees ~elvin at 10 mV f K. 
Using the internal op amp with external resistors any 
temperature scale factor is easily obtained. By 
connecting the op amp as a comparator, the output will 
switch as the temperature transverses the set·point 
making the device useful as an on-off temperature 
controller. 

An active shunt regulator is .connected across'the power 
leads of the LM3911 to provide a stable 6.8V voltage 
reference for the sensing system. This allows the use of 
any power supply voltage with suitable external resistors. 

The input bias current is low· and relatively constant 
with temperature, ensuring high accuracy when high 
source impedance is used. Further, the output collector 
can be returned to a voltage higher than 6.8V allowing 
the LM3911 to drive lamps and relays up to a 35V 
supply. 

Block Diagram 

i.BV 

The LM3911 uses the difference in emitter-base voltage 
of transistors operating at different current densities as 
the basic temperature sensitive element. Since this out· 
put depends only on transistor matching the same 
reliability and stability as present op amps can be 
expected. 

The LM3911 is available in two package styles, a metal 
can T046 and an 8-lead epoxy mini-DIP. In the epoxy 
package all electrical connections are made on one side 
of the device allowing the other 4 leads to be used for 
attaching the LM3911 to the temperature source. The 
LM3911 is rated for operation over a -25°C to +85°C 
temperature range. 

Features 
• Uncalibrated ~ccuracy ±10°C 
• Internal op amp with frequency compensation 
• Linear output of 10 mVtK (10 mVtC) 
• Can be calibrated in degrees Kelvin, Celsius or 

Fahrenheit 

• Output can drive loads up to 35V 
• Internal stable voltage reference 

• Low cost 

FEEDBACK 
INPUT 

L..~""-rlDuTPuT 

L..--------~------------4_------~v-

Typical Applications· Proportioning Temperature Controller 

v' Ground Referred 
Centigrade Thermometer 
15V 

V· 

0' 
12k 

.2 
5.5k 

V
-1~V 

21.lk 

OUTPUT 
10mVl C 

Jlkf* 
S.c:."'" 

RI :101l01V+ -l.DVI 
RZ~ 500 IV- -40V) 

*T"msoulmllllllene'lol!rence 
SttDutputlollad C 

(NOTEl) ., 
Ri 4,7 
15 .7 Basic Temperature Controller 

15V 
v' 

,-__ +-_",,",.,.._.~~: :~~~~1~HNING 

SET 
TEMPEF!A1URE 

AT 1DIlIY! K 
Silk!! 

Rs =(V+ -SIVlh!! 

.. 
1.5k 

0, 

'" 

OUTPUT * 

0' 12k 

•• 
PO~:~ 1~: ~f-'\''''''''''''''''~-iIN 

.3 ". 
I 

NOli': C1 dlllrmiael prOIlOltioainli fnquenw ,.. iiii"C1 

Note 2: R10 • \V::~1-7 
Nott 3: EitkrV- or y+ Cln blgrflUftd. 
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Absolute Maximum Ratings 
Supply Current (Externally Set) 

Output Collector Voltage, V++ 
Feedback Input Voltage Range 
Output Short Circuit Duration 

Electrical Characteristics 
PARAMETER I 

SENSOR 
Output Voltage 

Output Voltage 

Output Voltage 

Linearity 

Long·Term Stability 

Repeatability 

VOLTAGE REFERENCE 
Reverse Breakdown Voltage ! 
Reverse Breakdown Voltage 

Change With Current 

Temperature Stabil ity 

Dynamic Impedance 

RMS Noise Voltage 

Long Term Stability 

OPAMP 
Input Bias Current 

Input Bias Curr~nt 

Voltage Gain 

Output Leakage Current 

Output Leakage Current 

Output Source Current 

Output Sink Current 

10mA 
36V 

OVto +7.0V 
Indefinite 

(Note 1) 

CONDITIONS 

T A = -25°C. (Note 2) 

T A = 25°C. (Note 2) 

T A = 85°C. (Note 2) 

f.T = 100°C 

1 mA$lz $5mA 

lmA$lz$5mA 

I. = 1 mA 

10Hz$f$10kHz 

TA = +85°C 

TA =+25°C 

Rc = 36k. V++ = 36V 

T A = 25°C (Note 3) 

(Note3) 

VOUT $ 3.70 

IV $ VOUT $ 36V 

I 

Operating Temperature Range -25'C to +85'C 
Storage Temperature Range -il5'C to +150'C 
Lead Temperature (Soldering, 10 seconds) 300'C 

MIN I TVP 

2.36 2.48 

2.88 2.98 

3.46 3.58 

0.5 
0.3 

0.3 

6.55 ! 6.85 

lU 

20 

3.0 

30 

6.0 

35 

45 

2500 15000 

0.2 

1.0 

10 

2.0 

I MAX 

2.60 

.3.08 

3.70 

2 

7.25 

85 

150 

250 

2 

8 

I UNITS 

V 

V 

V 

% 

% 

% 

V 

III v 

mV 

n 
jJ.V 

mV 

nA 

nA 

VIV 

jJ.A 

jJ.A 

jJ.A 

rnA 

Note 1: These spe~ifications apply for -25° CST AS +85°C and 0.9 mA S ISUPPL V S 1.1 rnA unless otherwise specified; CL S 50 pF. 
Note 2: The output voltage applies to the basic thermometer configuration with the output and input terminals shorted and a load resistance 
of ~ 1.0 Mn. This is the feedback sense voltage 8.pd includes errors in both the sensor and op amp. This voltage is specified for the sensor in a 
rapidly stirred oil bath. The output is referred to V . " 
Note 3: The output leakage current is specified with ~ 100 mV overdrive. Since this voltage changes with temperature, the voltage drive for 
turn-off changes and is defined as VOUT (with output and input shorted) -100 mV. This specification applies for VOUT = 36V. 

Application Hints 
Although the LM3911 is designed to be totally trouble
free, certain precautions should be taken to insure the 
best possible performance. 

As with any temperature sensor, internal power dissipa
tion will raise the simsor's temperature above ambient_ 
Nominal suggested operating current for the shunt 
regulator is 1.0 mA and causes 7.0 mW of power dissi
pation. In free, still, air this raises the package tempera
ture by about 1.2'K. Although the regulator will operate 
at higher reverse currents and the output will drive loads 
up to 5.0 mA, these higher currents will raise the sensor 
temperature to about 19'K above ambient-degrading 
accuracy. Therefore, the' sensor should be operated at 
the lowest possible power level. 

With moving air, liquid or surface temperature sensing, 
self-heating is not as great a problem since the measured 
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media will conduct the heat from the sensor. Also, there 
are many small heat sinks designed for transistors which 
will improve heat transfer to the sensor from the sur
rounding medium. A small finned clip·on heat sink is 
quite effective in free-air. It should be mentioned that 
the LM3911 die is on the base of the package and there· 
fore coupling to the base is preferrable_ 

The internal reference regulator provides a temperature 
stable voltage for offsetting the output or s.etting a com
parison point in temperature controllers. However, since 
this reference is at the same temperature as the sensor 
temperature changes will also cause reference drift. For' 
application where maximum accuracy is needed an 
external reference should be used. Of course, for fixed 
temperature controllers the internal reference is 
adequate. 
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Schematic Diagram 
V· 

02 

R5 
50k 

R1 
5.0~ 

Typical Applications (Continued) 
Basic Thermometer 
for Positive Supply 

15V 

Basic Thermometer for Negative Supply 

Note: loadcLlrrefitto GNO IS 
v- supphedthrough Rs 

15V 

Rs" (V- - 6.BV) X 10311 

External Frequency Compensation 
for Greater Stability when Driving 

Capacitive Loads 

15V 

R, 
7.!ik 

v· 
R, 
7.5~ 

) 
OUTPUT 
111 mV/'K 

Operating With External Zener for 
Lower Power Dissipation and Ambient 

Reference 

15V 

lN821 

IOUTPUT 
lDmVI K 

* Depends on Zenercurrel1t. 
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R15 
3.Qk 

INPUT 

OUTPUT 
R16 
J.Ok 

I ncreasing Gain and Output Drive 
15V 

V· .... ____ --. 

2.0k R, 
7.5k 

r-~+~;l.-.... -~-_ I~OU!~~!K 

tOOk 

Temperature Controller With Hysteresis 
+15V 

3.5k 

+ 20k 

~ INPUT 

~9 OUTPUT 

lMJ911 

1- 22M 

r 

* Outpul goes POSIl:lve on temperaturewcrease 

tSettemperature 

R , 
k 10 

~ QUTPUT* 



Typical Applications (Continued) 

Thermometer With Meter Output 
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38.1. 

Vz = Shuntregul,tarvoltlgt fuse6.a5) 
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1M II MeterfuIiSC.I!currentIAl 
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"Valuetshownfor: 
To" JOD"K,IJ.T ",DO"K. 
1M :'.D!"lA,la = 100,uA 

* "Thea.Olm theaboyund followlngequltionsis In units of V/ K or VI C • 
• ndisilre5ultofthebnicD.01Vt K sensltlVltv of the transducer 

Ground Referred Thermometer 

v, r---.-------.--15V 

0' RI =- (Vzl('OmVJ(tt.Tl 

~ (Vz -O.01Tol 

R2 R2" O.OITo-loRl 

03 

OUTPUT 

0, 

1 

'. 
R3=~-Rl-R2 '0 
Vz " Shuntresuluorvo!tage 
6T = Temperaturespan("KI 
To = Temperatureforulooutput(QKI 
Yo;; Fullscaleoutpulvollage:s; lOY 
IQ " Curr.nttnrough R1,R2. RJ at zero 

oulput vollage (typically 100:JA to 
1.0 mAl 

Meter Thermometer With Trimmed Output 
v, 

7.Sk 

Os' 

50. Rl* 6.0k 
+ 

LMl9'I 

soot 

*Selected as far meter thermometer ucept To should 
be SQK more than desrredand IQ '" 100,11.4. 

tCallbratesTo 

Ground Referred Centigrade Thermometer 

,.. 
,% 

-15V-'III",. ......... --..... 

*Setzera 30pF 

Two Terminal Temperature to Current Transduc:er* 

8.8k 

'NPUT 1--.... -_. 
LM3911 

0' 
30. 'Z1o 

OUTPUTI--..... --f-....... H 

OZ 
6Uk 

R4 
18S.211 

LM113 

03 
zoo 

+ 

+12V TO +40V 

tOOk 

( ) ( 0.0' TH) ( .)(o.OlT, ) •• 
Vz -0.01 TL IH - -0-'- + V.z -0.01 'TH R1 -IL 

R2 hl) = . 

:~0~3 (TH(Vz-OOtTd-TL{Vz-O.01THlj 

T L : Temperature 101 'L t K) 
TH : TemperatLireforlH t KI 
VZ " Zenel voltage tVI 
IL " lot'JlempelaILileoulllutctlflelll(AI 
IH = H,gh temperature Olliput CUtllll1 (AI 

*V.luesshown lor lOUT = 1 rnA to 10 mA lor 1lfF to 101fF" 

t-Srttemperalure 

1111 Th, 0.01 In the Ibove Bnd following eqUBtlons 1$ In Units of vr K or Vf C, and is a result of the basiC O.01V/ K "nsitivity of the transducer 
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Typical Applications (Continued) 
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Over Temperature Detectors With Common Output 
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V'I 
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outPUT 

+ Al 
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Al Al 
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LMJ911 LMJ911 LMJ911 lMJ!ll1 Tn Al 
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A' A' A' - - Rs = 
(V'" -G.BVI 

.L .1. ..L ..L 
B.BV 

O.OOIA+~ 

~ II 

Two-Wire Remote A.C. Electronic Thermostat (Gas or Oil Furnace Control) 

~ 
NSL5021 

26VAC 
CONTROL 
TRANSFORMER 
60Hz 

REMOTE 

+, 
--2.2/.1F 

S.6k 

82D 
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IN451 
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S.C.A,S. 
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510 
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tPol will provide about a 50 F to 90 F SlUlPg range. The trim reSlstOI IIUOklls$l!lecled to bnng 10'F near the middle of the pot 
rotation. 
SeR heating. by propu Ilositlonrng. can prehnt the sensor !living contlol antiCipation IS IS presently used In many home thermostats. 

BLACK 1----.------1 _0) LO'O 

I~~V + 
60 Hz 

210 
,.OW 

WHITE 

100J.lF + 
25V 

50k LMJ91t 

1.1k 

9·161 

150k Uk 

·Settemperature 
tOn for temperlture mcrene 

SENSITIVE GATE TRIAC 
IGr=SSmA 
RCA 12300, 40529 
DR SIMILAR 



Typical Applications (Continued) 

lN40D4 3.3k 

LOAD (HEATER; tOmATO 35A) 

TO 120VAc 

Kelvin Thermometer With 
Ground Referred Output 

15V 
V· 

As 
3.Ok 

3.Ok 
.-_L.+;""'., 0." 

INPUT 

10mVl K 
OUTPUT 

3.Ok 
0.1% 

Connection Diagram 

Three-Wire Electronic Thermostat 

8" 

OUTPUT 

16.21t 
1%' 

10M 

100 
llZW 

10k ~.t--"'-:----+--'\Nv--" 

V· 

LM3911 
NO.1 

v-

"6 
7.SIt 

IN 

2N5064 

"DIYlderisset fora nominal 0 C -125 Crange. 
Wire wound resinors Will provide maximum 
temperatulestablhtv. 

II! 'Almost any TRIAC rated 1 to 35 amperes 
usable With appropmle load. 

D!fferent ial Thermometer 
A2 . 

1501t 
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~1'N AI 
lk.l% 

IN 
el 

0.001 

OUT~yF~ *L OUT 

ZOOk 
t15V 

(A,' A,) " lOOk 
YOUT'" 001 -A-,- (Tz-T!' L......-.-.: ZERO 

fTAIM OulputclIIswmg -lV.! -SOI'A 
wllhloWDlilpullmpedante -1SV 

A' ,. 

V· 

lM3911 
NO 2 

V-

A5 
5.6k 

-1SV 

"'''' TheO,Ot In the above rqultionis In un,tsolVI KOT VI C,.and 1541 rlwlt of the basic 0.01 VI Ksensltlvity 01 thetransducl!l 

Dual-In-Line P.ck.g~ 

v- Ne 

OUT Ne 

IN Ne 

v' Ne 

TOP VIEW 

Order Number LM3911N 
Sae NS Package NOBB 
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~National 
~ Semiconductor 
LM3914 Dot/Bar Display Driver 
General Description 
The LM3914 is a monolithic integrated circuit that 
senses analog voltage levels and drives 10 LEOs, pro· 
viding a linear analog display. A single pin changes the 
display from a moving dot to a bar graph. Current drive 
to the LEOs is regulated and programmable, eliminating 
the need for resistors. This feature is one that allows 
operation of the whole system from less than 3V. 

The circuit contains its own adjustable reference and 
accurate 10·step voltage divider. The low·bias·current 
input buffer accepts signals down to ground, or V-, yet 
needs no protection against inputs of 35V above or 
below ground. The buffer drives 10 individual com· 
p~r?t0rc: r~f,=,r,=,nrprl tn thp !1rp.cision divider. Indication 
non·linearity can thus be held typically to 1/2%, even 
over a wide temperature range. 

Versatility was designed into the LM3914 so that 
controller, visual alarm, and expanded scale functions 
are easily added on to the display system. The circuit 
can drive LEOs of many colors, or low·current incan· 
descent lamps. Many LM3914s can be "chained" to form 
displays of 20 to over 100 segments. Both ends of the 
voltage divider are externally available so that 2 drivers 
can be made into a zero·center meter. 

The LM3914 is very easy to apply as an analog meter 
circuit. A 1.2V full·scale meter requires only 1 resistor 
and a single 3V to l5V supply in addition to the 10 
display LEOs. If the 1 resistor is a pot, it becomes the 
LED brightness control. The simplified block diagram 
illustrates this extremely simple external circuitry. 

When in the dot mode, there is a small amount of 
overlap or "fade" (about 1 mV) between segments. This 
assures that at no time will all LEOs be "OFF", and 

Industrial Blocks 

thus any ambiguous display is avoided. Various novel 
displays are possible. 

Much of the display flexibility derives from the fact 
that all outputs are individual, DC regulated currents. 
Various effects can be achieved by modulating these 
currents. The individual outputs can drive a transistor as 
well as a LED at the same time, so controller functions 
including "staging" control can be performed. The 
LM3914 can also act as a programmer, or sequencer. 

Features 
• Drives LEOs, LCOs or vacuum fluorescents 
.. Bar or dot display mode externally selectable by user 

• Expandable to displays of 100 steps 

• Internal voltage reference from 1.2V to l2V 
• Operates with single supply of less than 3V 

• Inputs operate down to ground 
• Output current programmable from 2 to 30 rnA 

• No mUltiplex switching or interaction between outputs 

• Input withstands ±35V without damage or false 
outputs 

• LED driver outputs are current regulated, open· 
collectors 

• Outputs can interface with TTL or CMOS logic 

• The internal 10·step divider is floating and can be 
referenced to a wide range of voltages 

The LM3914 is rated for operation from O°C to +70°C. 
The LM39l4N is available in an lS·lead molded (N) 
package and the LM39l4J 'comes in the 1.S·lead ceramic 
DIP. 

The following typical application illustrates adjusting of 
the reference to a desired value, and proper grounding 
for accurate operation, and avoiding oscillations. 

Typical Applications OV to 5V Bar Graph Meter 

r-.. - .... - ... - .... -~~-t--.... - ..... - ... - .... -VLED 

I 
I 
I 

~,III,III,f 
I LED 
IND., 
I 
I 

...L. 
U"'T' 

18 17 18 15 14. 13 12 11 

LM3914 

I REf REf 
I y- y+ ALO SIG "HI OUT ADJ 

I --I' , I' I' 5 L!...- 7 B 

L M 

------~~::-

l OV-5V I U" 
SIGNAL 
SOURCE 

LED 
ND.10 

" 

MODE 

• 
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v+ &.IV-18V 

Note 1: Grounding method is typical of 
all uses. The 2.2 p.F tantalum or 10 p.F 
aluminum electrolytic capacitor is needed 
if leads to the LED supply are 6" or 
longer. 

Ref Out V = 1.25 (1 + :~) 
12.5 

ILED~ R1 



Absolute Maximum Ratings 
Power Dissipation (Note 5) Input Signal Overvoltage (Note 3) ±35V 

Ceramic DIP (J) lW Divider Voltage -100mV toV+ 
Molded DIP (N) 625mW Reference Load Current 10mA 

Suppl y Vol tage 25V Storage Temperature Range -55~C to +150°C 
Vollage on Output Drivers 25V Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER I CONDITIONS (Note 1) I MIN I TYP I MAX I UNITS 

COMPARATOR 

Offset Voltage, Buffer and First OV ~ VRLO = VRHI ~ 12V, 3 10 mV 

Comparator 
./ 

ILED = 1 mA 

Offset Voltage, Buffer and Any Other OV ~ VRLO = VRHI ~ 12V, 3 15 mV 

Comparator ILED=lmA 

Gain (AILED/AVIN) IL(REF) = 2 mA, ILED = 10 mA 3 8 mA/mV 

Input Bias Current (at Pin 5) OV ~ VIN ~ V+ -1.5V 16 50 nA 

Input Signal Overvoltage No Change in Display -35 35 V 

VOLTAGE-DIVIDER 

Divider Resistance Total, Pin 6 to 4 6.5 10 15 kfl 

Accuracy (Note 2) 0.5 2 % 

VOLTAGE REFERENCE 

Output Voltage 0.1 mAi~ IL(REF) ~4 mA, 1.2 1.28 1.34 V 

V+=VLED=5V 

Line Regulation 3V ~V+ ~ 18V 0.01 0.03 %/V 

Load Regulation 0.1 mA~IL(REF)~4mA, 0.4 2 % 

V+= VLED = 5V 

Output Voltage Change With O°C~ TA ~ +70'C, IL(REF) = 1 mA, 1 % 
Temperature V+= 5V 

Adjust Pin Current 75 120 I'A 

OUTPUT DRIVERS 

LED Current 
+ I 

V = VLED = 5V, I L(REF) = 1 mA 7 10 13 mA 

LED Current Difference (Between VLED = 5V, ILED = 2 mA 0.12 0.4 mA 

Larytlsl and Smallest LED Currents) VLED = 5V,ILED = 20 mA 1.2 3 mA 

LED Current Regulation 2V ~ VLED ~ 17V ILED = 2 mA 0.1 0.25 mA 

ILED = 20 mA 1 3 mA 

Dropout Voltage ILED(ON) = 20 mA, VLED = 5V, 1.5 V 

AILED = 2 mA 

Saturation Voltage ILED = 2.0 mA, IL(REF) = 0.4 mA 0.15 0.4 V 

Output Leakage, Each Collector (Bar Mode) (Note 4) 0.1 10 I'A 

Output Leakage (Dot Mode) (Note 4) 

Pins 10-18 0.1 10 I'A 
Pin 1 60 150 450 I'A 

SUPPLY CURRENT 
. 

Standby Supply Current V+ = 5V, IL(REF) = 0.2 mA 2.4 4.2 mA 

(All Outputs Off) V+ = 20V, IL(REF) = 1.0 mA 6.1 9.2 mA 

Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3 VOC ~.V+ ~ 20 VDC VREF, VRHI, VRLO ~ (v+ -1.5V) 

3 VDC ~ VLED ~ v+ OV ~ VIN ~ v+ -1.5V 

-0.015V S VRLO S 12 VOC TA = +25'C, IL(REF) = 0.2 mA, VLED = 3.0V, pin 9 connected to pin 3 (Bar Mode). 

-0.015V ~ VRHI ~ 12 V DC 

For higher power dissipations, pulse testing is used. 
Note 2: Accuracy is measured referred to +10.000 VDC at pin 6, with 0.000 VDC at pin 4. At lower full-scale volteges, buffer and comparator 
offset voltage may add significant error. 
Note 3: Pin 5 Input current must be limited to ±3 rnA. The addition of a 39k resistor in series with pin 5 allows ±100V signals without damage. 
Note 4: Bar mode results when pin 9 is within 20 mV of V+. Dot mode results when pin 9 is pulled at least 200 mV below V+ or left open circuit. 
LED No. 10 (pin 10 output currentl is disabled if pin 9 is pulled 0_9V or more below VLEO. 
Note 5: The maximum junction temperature of the LM3914 is 100°C. Devices must be derated for operation at elevated temperatures. Junction 
to ambient thermal resistance is 75'C/W for the ceramic DIP (J package) and 120'C/W for the molded DIP (N package). 
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Definition of Terms 

Accuracy: The difference between the observed threshold 
voltage and the ideal threshold voltage for each com· 
parator. Specified and tested with 10V across the internal 
voltage divider so that resistor ratio matching error 
predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output 
current (lLED) to the change in input voltage (V,N) 
required to produce it for a comparator in the linear 
region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current 
fall by 10%. 

Input Bias Current: Current flowing out of the signal 
input when the input buffer is in the linear region. 

9·165 

LED Current Regulation: The change in output current 
. over the specified range of LED supply voltage (V LED) 

as measured at the current source outputs. As the 
forward voltage of an LED does not change significantly 
with a small change in forward current, this is equivalent 
to changing the voltage at the LED anodes by the 
same amount. 

Line Regulation: The average change in reference output 
voltage over the specified range of supply voltage (V+). 

Load Regulation: The change in 'reference output voltage 
(VREF) over the specified range of load current 
(IL(REF)). 

Offset Voltage: The differential input voltage which 
must be applied to each comparator to bias the output 
in the linear region. Most significant error when the 
voltage across the internal voltage divider is small. 
Specified and tested with pin 6 voltage (V R HI) equal 
to pin 4 voltage (V R La)' 



Typical Performance Characteristics 
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Block Diagram (Showing Simplest Application) 
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Functional Description 
The simplified LM3914 block diagram is to give the 
general idea of the circuit's operation. A high input 
impedance buffer operates with signals from ground to 
12V, and is protected against reverse and overvoltage 
signals. The signal is then applied to a series of 10 
comparators; each of which is biased to a different 
comparison level by the resistor string. 

In the example illustrated, the resistor strihg is connected 
to the internal 1.25V reference voltage. In this case, for 
each 125 mV that the input signal increases, a com· 
parator will switch on another indicating LED. This 

resistor divider can be connected between any 2 voltages, 
providing that they are 1.5V below V+ and no less than 
V-. If an expanded scale meter display is desired, the 
total divider voltage can be as little as 200 m V. Ex
panded-scale meter displays are more accurate and the 
segments light uniformly only if bar mode is, used. At 
50 mV or more per step, dot mode is usable. 

Internal Voltage Reference 

'The reference is designed to be adjustable and develops 
a nominal 1.25V between the REF OUT (pin 7) and 
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Functional Description (Continued) 

REF ADJ (pin 8) terminals. The reference voltage is 
imp~essed across program resistor R 1 and, sinc'e the 
voltage is constant, a constant current 11 then flows 
through the output set resistor R2 giving an output 
voltage of: 

VOUT = VREF (1 + :~) + IADJ R2 

1 
' I 

'L LMJ914 I 
REF REF , ~ 
OUT AOJ 

Rl VREF r7-., 8'--9 

+ 
VOLUT ~IAOJ 

R2 

Since the 120 /lA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V+ and load 
changes. 

Current Programming 

A feature not completely illustrated by the block 
diagram is the LED brightness control. The current 
drawn out of the reference voltage pin (pin 7) determines 
LED current. Approximately 10 times this current will 
be drawn through each lighted LED, and this current 
will be relatively constant despite supply voltage ard 
temperature changes. Current drawn by the internal 10· 
resistor divider, as well as by the external current and 
voltage·setting divider should be included in calculating 
LED drive current. The ability to modulate LED 
brightness with time, or in proportion to input voltage 
and other signals can lead to a number of novel displays 
or ways of indicating input overvoltages, alarms, etc. 

Mode Pin Use 

Pin 9, the Mode Select input controls chaining of multiple 
LM3914s, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in 
the applications. 

Bar Graph Display: Wire Mode Select (pin 9) directly 
to pin 3 (V+ pin). 

Dot Display, Single LM3914 Driver: Leave the Mode 
Select pin open circuit. 

Dot Display, 20 ,or More LEOs: Connect pin 9 of the 
first driver in the series (i.e., the one with the lowest 
input voltage comparison points) t9 pin 1 of the next 
higher LM3914 driver. Continue connect'ing pin 9 of 
lower input drivers to pin 1 of higher input drivers for 
30,40, or more LED displays. The last LM3914 driver 
in the chain will have pin 9 wired to pin 11. All 
previous drivers should have a 20k resistor in parallel 
with LED No.9 (pin 11 to VLED). 
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Mode Pin Functional Description 

This pin actually performs two functions. Refer to the 
simplified block diagram below. 

Block Diagram of Mode Pin Function 

OUTPUT NO, 9 OUTPUT NO. 10 

11 

(FROM COMPARATORS) . 
CONTROLLED DRIVE { 

~f----+-...... -I 

v-

"High for bar' 

Dot or Bar Mode Selection 

The voltage at pin 9 is sensed by comparator Cl, nom
inally referenced to (V+ -100 mY). The chip is in bar 
mode when pin 9 is above this level; otherwise it's in 
dot mode. The comparator is designed so that pin 9 
can be left open circuit for dot mode. 

Taking into account comparator gain and variation in 
the 100 mV reference level, pin 9 should be no more 
than 20 mV below V+ for bar mode and more than 
200 mV below V+ (or open circuit) for dot mode. In 
most applications, pin 9 is either open (dot mode) or 
tied to V+ (bar mode). In bar mode, pin 9 should be 
connected directly to pin 3. Large currents drawn 
from the power supply (LED current, for example) 
should not share this path so that large I R drops are 
avoided. 

Dot Mode Carry 

In order for the display to make sense when multiple 
LM3914s are cascaded in dot mode, special circuitry 
has been included to shut off LED No. lOaf the first 
device when LED No.1 of the second device comes on. 
The connection for cascading in dot mode has already 
been described and is depicted on the following page. 

As long as the input signal voltage is below the threshold 
of the second LM3914, LED No. 11 is off. Pin 9 of 
LM3914 No.1 thus sees effectively an open circuit so 
the chip is in dot mode. As soon as the input voltage 
reaches the threshold of LED No. II, pin 9 of LM3914 
No. 1 is pulled an LED drop (1.5V or more) below 
V LED. This condition is sensed by comparator C2, 
referenced 600 mV below V LED. This forces the output 
of C2 low, which shuts off output transistor Q2, ex· 
tinguishing LED No.1 O. 



Mode Pin Functional Description (Continued) 

V LED is sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 j.lA) that is divert
ed from LED No. 9 does not noticeably affect its 
intensity. 

An auxiliary current source at pin 1 keeps at least 
100 j.lA flowing through LED No. 11 even if the input 
voltage rises high enough to extinguish the LED. This 
ensures that pin 9 of LM3914 No.1 is held low enough 
to force LED No. 10 off wh,en any higher LED is il· 
luminated. While 100 j.lA does not normally produce 
significant LED illumination, it may be noticeable 
when using high·efficiency LEOs in a dark environ· 
ment. If this is bothersome, the simple cure is to shunt 
LED No. 11 with a 10k resistor. The 1V IR drop is more 
than the 900 mV worst case required to hold off LED 
No. 10 yet small enough that LED No. 11 does not 
conduct significantly. 

Other Device Characteristics. 

The LM3914 is relatively low·powered itself, and since 
any number of LEOs can be powered from about 3V, it 
is a very efficient display driver. Typical standby supply 
current (all LEOs OFF) is 1.6 mA (2.5 mA max). 
However, any reference loading adds 4 times that current 
drain to the V+ (pin 3) supply input. For example, an 
LM3914 with almA reference pin load (1.3k). would 
supply almost 10 mA to every LED while drawing only 

10 mA from its V+ pin supply. At full'scale, the IC is 
typically drawing less than 10% of the current supplied 
to the display. 

The display driver does not have built·in hysteresis so 
that the display does not jump instantly from one LED 
to the next. Under rapidly changing signal conditions, 
this cuts down high frequency noise and often an annoy· 
ing flicker. An "overlap" is built in so that at no time 
between segments are all LEOs completely OFF in the 
dot mode. Generally 1 LED fades in while the other 
fades out over a mV or more of range (Note 2). The 
change may be much more rapid between LED No. 10 
of one device and LED No. 1 of a second device 
"chained" to the first. 

The LM3914 features individually current regulated LED 
driver transistors. Further 'internal circuitry detects when 
any driver transistor goes into saturation, and prevents 
other circuitry from drawing excess current. This results 
in the ability of the LM3914 to drive and regulate LEus 
powered from a pulsating DC power source, i.e" largely 
unfiltered, (Due to possible oscillations at low voltages a 
nominal bypass capacitor ,consisting of a 2.2 j.lF solid 
tantalum connected from the pulsating LED supply to 
pin 2 of the LM3914 is recommended.) This ability to 
operate with low or, fluctuating voltages also allows the 
display driver to interface with logic circuitry, opto· 
coupled solid-state relays, and low·current incandescent 
lamps, 

Cascading LM3914s in Dot Mode, 

2D' VLED 

2.2+ 
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~ Typical Applications (Continued) 
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Typical Applications (Continued) 

Expanded Scale Meter, Dot or Bar 

6VACTO 10VAC 

/ 

CENTERTAPPED 
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Application Example: Grading 5V Regulato'rs 

*This application illustrates that the LED 
supply needs practically no filtering 

Calibration: With a precision meter be
tween pins 4 and 6 adjust R 1 for voltage 
VD of 1.20V. Apply 4.94V to pin 5, and 
adiust R4 until LED No.5 iust lights. 
The adjustments are non-interacting. 
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"Exclamation Point" Display 
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1.5k 

1.5k 
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LEOs light up as Illustrated with the 
upper lit LED Indicating the actual input 
voltage. The display appears to increase 
resolution and provides an analog indica
tion of overrange. 

VOUTIMIN) 

5.54 
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5.18 

5.06 

4.94 

4.82 

4.7 

4.58 
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Typical Applications (Continued) 

!1/ !1/ 

LED 
NO.1 
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!1/ 

LED 
NO.1 

Indicator and Alarm, Full-Scale Changes Display From Dot'to Bar 

!1/ !1/ !1/ !1/ !1/ !1/ 
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LM3914 

!1/ 

11 

V+3V 

!1/ 

27k 

LED 15k NO.l0 

10 

':" 

*The input to the Dot-Bar Switch may 
be taken from cathodes of other lEOs. 
Di,splay will change to bar as soon as 
the LEDso selected begins to light. 

Bar Display with Alarm Flasher 

!1/ !1/ !1/ !1/ !1/ 

18 17 16 15 . 14 

LM3914 

Full-scale causes the full bar display to 
flash. If the junction of AI and CI is 
connected to a different LED cathode, 
the display will flash when that LE D 
lights, and at any higher input signal. 
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Typical Applications (Continued) 

Adding Hysteresis (Single Supply. Bar Mode Only) 
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Hysteresis is 0.5 mV to 1 mV 

Operating with a High Voltage Supply (Dot Mode Only) 
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*This point is partially regulated and 
decreases in voltage with temperature. 
Voltage requirements of the LM3914 
also dec'rease with temperature. 
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The LED currents are approximately 10 
rnA, and the LM3914·outputs operate in 
saturation for minimum dissipation. 
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Typical Applications (Continued) 

20-Segmimt Meter with Mode Switch 
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Application Hints 
Three of the most commonly needed precautions for 
using the LM3914 are shown in the first typical applica· 
tion drawing (see page 9-108) showing a OV-5V bar 
graph meter. The most difficult problem occurs when 
large LED currents are being drawn, especially in bar 
graph mode. These currents flowing out of the ground 
pin cause voltage drops in external wiring, and thus 
errors and oscillations. Bringing the return wires from 
signal sources, reference ground and bottom of the 
resistor string (as illustrated) to a single point very near 
pin 2 is the best solution. 

Long wires from VLED to LED anode common can 
cause oscillations. Depending on the severity of the 
problem 0.05 f.lF to 2.2 f.lF decoupling capacitors from 
LED anode common to pin 2 will ·damp the circuit. If 
LED anode line wiring is inaccessible, often similar 
decoupling from pin 1 to pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEOs 
light (dot model. oscillation or excessive noise is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations, V+ voltage at pin 3 is usually 
below suggested limits (see Note 2, page 9-108). Ex
panded scale meter applications may have one or both 
ends of the internal voltage divider terminated at rela-
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N 

." 

16 

v' 
3 
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tively high value resistors. These high-impedance ends 
should be bypassed to pin 2 with at least a 0.001 f.lF 
capacitor, or up to 0.1 f.lF in noisy environments. 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all 
LEOs programmed to 20 mA the driver will dissipate 
over 600 mW. In this case a 7.5Q resistor in series with 
the LED supply will cut device heating in half. The 
negative end of the resistor should be bypassed with a 
2.2 Jl.F solid tantalum capacitor to pin 2 of the LM3914. 

Turning OFF of most of the internal current sources is 
accomplished by pulling positive on the reference with a 
current source or resistance supplying 100 f.lA or so. 
Alternately, the input signal can be gated OFF with 
a transistor switch. 

Other special features and applications characteristics will 
be illustrated ·in the fol/owing applications schematics. 
Notes have been added. in many cases, attempting to 
cover any special procedures or unusual characteristics 
of these applications. A special section called "Applica· 
tion Tips for the LM3914 Adjustable Reference" has 
been included with these schematics. 



Application Hints (Continued) 

APPLiCATION TIPS FOR THE LM3914s ADJUSTABLE REFERENCE 

Greatly Expanded Scale (Bar Mode Only) 

Placing the LM3914s internal resistor divider in parallel 
with a section (~230n) of a stable, low resistance 
divider greatly reduces voltage changes due to IC resistor 
value changes with temperature. Voltage V 1 should be 
trimmed to 1.1 V first by use of R2. Then the voltage V2 
across the IC divider string can be adjusted to 200 mV, 
using R5 without affecting Vl. LED current will be 
approximately 10 mA. 

Non-Interacting Adjustments for Expanded Scale Meter 
(4.5V to 5V, Bar or Dot Mode) 

This arrangement allows independent adjustment of LED 
brightness regardless of meter span and zero adjustments. 

First, Vl is adjusted to 5V, using R2. Then the span 
(voltage across R4) can be adjusted to exactly 0.5V 
using R6 without affecting the previous adjustment. 

R9 programs LED currents within a range of 2.2 mA to 
20 mA after the above settings are made. 

Greatly Expanded Scale (Bar Mode Only) 

RHI 
REF REF 

RCO OUT AOJ 

l-~PINSOF 
R1 _ LMJ914 

100 -
1% 

R2 ,,, 
V,: l1V 

RJ 
200 
1% 

•• V. 

" 
" JOI" 90' •• 

-: 

Adjusting Linearity of Several Stacked Dividers 

Three i.nternal voltage dividers are shown connected in 
series to provide a 30-step display. If the resulting analog 
meter is to be accurate and I inear the voltage on each 

. divider must be adjusted, preferably without affecting 
any other adjustments. To do this, adjust R2 first, so 
that the voltage across R5 is exactly lV. Then the 
voltages across R3 and R4 can be independently adjusted 
by shunting each with selected resistors of 6 kn or 
higher resistance. This is possible because the reference 
of LM3914 No.3 is acting as a constant current source. 

The references associated with LM3914s No.1 and No.2 
should have their Ref Adj pins (pin 8) wired to ground, 
and their Ref Outputs loaded by a 620n resistor to 
Qround. This makes available similar 20 mA current 
outputs to all the LEOs in the system. 

If an independent LED brightness control is desired (as 
in the previous application). a unity gain buffer, such as 
the LM310, should be placed between pin 7 and Rl, 
similar to the previous application. 

Non-Interacting Adjustments for Expanded Scale Meter 
(4.5V to 5V, Bar or Dot Mode) 
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Adjusting Linearity of Several Stacked Dividers 
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Other Applications 

• "Slow" - fade bar or dot display (doubles resolution) 

• 20-step meter with single pot brightness control 

• lO-step (or multiples) programmer 

• Multi-step or "staging" controller 

• Combined controller' and process deviation meter 

• Direction and rate indicator (to add to DVMs) 

• Exclamation point display for power saving 

Connection Diagram 
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• Graduations can be added to dot displays, Dimly 
light every other LED using a resistor to ground 

• Electronic "meter-relay".,..display could be circle or 
semi-circle ' 

• Moving "hole" display-indicator LED is dark, rest of 
bar lit 

• Drives vacuum-fluorescent and LCDs using added 
passive parts 



~National 
~ Semiconductor 
LM3915 Dot/Bar Display Driver 

General Description 
The LM3915 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEOs, LCOs or 
vacuum fluorescent displays, providing a logarithmic 3 
dB/step analog display. One pin changes the display from 
a bar graph to a moving dot display. LED current drive is 
regulated and programmable, eliminating the need for 
current limiting resistors. The whole display system can 
operate from a single supply as low as 3V or as high as 
25V. 

The IC contains an adjustable voltage reference and an 
::~::~~~te !e!"!~step '.'0!te~,= (iiuifj,=,r Thp. hi~h-impedance in
put buffer accepts signals down to ground and up to 
within 1.5V of the positive supply. Further, it needs no pro
tection against inputs of ± 35V.The input buffer drives 10 
individual comparators referenced to the precision 
divider. Accuracy is typically better than 1 dB. 

The LM3915's 3 dB/step display is suited for signals with 
wide dynamic range, such as audio level, power, light in· 
tensity or vibration. Audio applications include average 
or peak level indicators, power meters and RF signal 
strength meters. ReplaCing conventional meters with an 
LED bar graph results in a faster responding, more 
rugged display with high visibility that retains the ease of 
interpretation of an analog disP.lay. 

The LM3915 is extremely easy to apply. A 1.2V full-scale 
meter requires only one resistor in addition to the ten 
LEOs. One more resistor programs the full-scale 
anywhere from 1.2V to 12V independent of supply voltage. 
LED brightness is easily controlled with a single pot. 

Industrial Blocks 

The LM3915 is very versatile. The outputs can drive LCOs, 
vacuum fluorescents and incandescent' bulbs as well as 
LEOs of any color. Multiple devices can be cascaded for a 
dot or bar mode display with a range of 60 or 90 dB. 
LM3915s can also be cascaded with LM3914s for a 
linear/log display or with LM3916s for an extended-range 
VU meter. 

Features 
II 3 dB/step, 30 dB range 
• Drives LEOs, LCOs, or vacuum fluorescents 
• Bar or dot display mode externally selectable by user 
• Expandable to displays of 90 dB 
• Internal voltage reference from 1.2V to 12V 
• Operates with single supply of 3V to 25V 
• Inputs operate down to ground 
• Output current programmable from 1 mA to 30 mA 
• Input withstands ± 35V without damage or false 

outputs 
• Outputs are current regulated, open collectors 
• Directly drives TTL or CMOS 
• The internal 10-step divider is floating and can be 

referenced to a wide range of voltages 

The LM3915 is rated for operation from O·C to + 70 ·C. The 
LM3915N is available in an 18-lead molded DIP package 
and the LM3915J comes in the 18-lead ceramic DIP. 

Typical Applications OV to 10V Log Displayl 
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VLED musl be kepi below 7V or dropping 
reslslor should be used to limit IC power 
dissipation. 



Absolute Maximum Ratings 

Power Dissipation (Note 5) Input Signal Overvoltage (Note 3) ±35V 
Ceramic OIP(J) lW Divider Voltage -100mVtoV+ -
Molded OIP(N) 625mW Reference Load Current 10mA 

Supply Voltage 25V Storage Temperature Range -55'Cto +150'C 
Voltage on Output Drivers 25V Lead Temperature (Soldering, 10 seconds) 300'C 

Electrical Characteristics (Note 1) 

Parameter I Conditions (Note 1) I Min I Typ I Max I Units 

Comparators 

Offset Voltage, Buffer and First OV"'VRLO = VRHI",12V, 3 10 mV 
Comparator ILEO= 1 mA 

Offset Voltage, Buffer and Any Other OV"'VRLO = VRHI",12V, 3 15 mV 
Comparator ILEO= 1 mA 

Gain (AILEoiAVIN) IL(REF) = 2 mA, ILEO = 10 mA 3 8 mA/mV 

Input Bias Current (at Pin 5) OV",V,N",(V+ -1.5V) 10 50 nA 

Input Signal Overvoltage No Change in Display -35 35 V 

Voltage· Divider 

Divider flesistance Total, Pin 6 to 4 15 22 30 kll 

Relative Accuracy (Input Change (Note 2) 2.0 3.0 4.0 dB 
Between Any Two Threshold POints) 

Absolute Accuracy at Each Threshold Point (Note 2) -

VIN = -3, -6 dB -0.5 +0,5 dB 

VIN = -9 dB -0.5 +0.65 dB 
VIN =-12, -15, -18dB -0.5 + 1.0 dB 
VIN = -21, -24, -27 dB -0.5 + 1.5 dB 

Voltage Reference 

Output Voltage 0.1 mA",IL(REF)"'4 mA, 1.2 1.28 1.34 V 
V+ =VLEO =5V 

Line Regulation 3V",V+",18V 0.01 0.03 %/V 

Load Regulation 0.1 mA",IL(REF)"'4 mA, 0.4 2 % 
V+ =VLEO =5V -

Output Voltage Change with Temperature . o 'C",TA'" + 70 'c, IL(REF) = 1 mA, 1 % 
V+ =VLEO =5V 

Adjust Pin Current 75 120 I'A 

Output Drivers 

LED Current V + = VLEO = 5V, IL(REF) = 1 mA 7 10 13 mA 

LED Current Difference (Between Largest VLEO=5V,ILEO=2 mA 0.12 0.4 mA 
and Smallest LED Currents) VLEO=5V,ILEO=20 mA 1.2 3 mA 

LED Current Regulation 2V",VLED",17V ILEO=2 mA 0.1 0.25 mA 
ILEO =20 mA 1 3 mA 

Dropout Voltage ILEO(ON) = 2G...mA @ VLEO = 5V, 1.5 V 

AILEO=2 mA 

Saturation Voltage ILEO=2.0 mA,IL(REF)=O.4 mA 0.15 0.4 V 

Output Leakage, Each Collector Bar Mode (Note 4) 0.1 10 I'A 

Output Leakage Dot Mode (Note 4) 
Pins 10 -18 0.1 10 I'A 
Pin 1 60 ,-

150 450 I'A 

Supply Current 

Standby Supply Current V + = + 5V, IL(REF) = 0.2 mA 2.4 4.2 mA 

(All Outputs Off) V+ = +20V,IL(REF)= 1.0 rnA 6.1 9.2 mA 
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Notes 
Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3VOC";V+ ";20VOC -0.015V"VRLO,,12VOC TA ;25"C, IL(REF);0.2 mA, pin 9 connected to pin 3 (bar mode). 

3VOC"VLEO"V+ VREF, VRH;' VRLO"(V+ -1.5V) For higher power dissipations, pulse testing is used. 

- 0.015V"VRHI"12VOC OV"VIN"V + -1.5V 

Nole 2: Accuracy is measured relerred to 0 dB; + 10.000VOC at pin 5, with + 10.000VOC at pin 6, and O.OOOVOC at pin 4. At lower lull scale voltages, buffer 
and comparator offset voltage may add significant error. See table for threshold voltages. 

/ 
Note 3: Pin 5 input current must be limited to ± 3 rnA. The addition of a 39k resistor in series with pin 5 allows ± 100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V +. Dot mode results when pin 9 is pulled at least 200 mV below V +. LED #10 (pin 10 output current) 
is disabled if pin 9 is pulled O.9V or more below VLEO' 

Note 5: The maximum junction temperature of the LM3915 is 10Doe. Devices must be derated for operation at elevated temperatures. JUnction to ambient· 
thermal resistance is 75"CIW lor the ceramic OIP (J packagel and 120 "C/W for the molded OIP (N package). 
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Typical Performance Characteristics (Continued) 
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Functional Description 
The simplified LM3915 block diagram is included to give 
the general idea of the circuit's operation. A high input im· 
pedance buffer operates with signals from ground to 12V, 
and is protected against reverse and overvoltage signals. 
The signal is then applied to a series of 10 comparators; 
each of which is biased to a different comparison level by 
the resistor string. 

In the example illustrated, the resistor string is connected 
to the internal 1.25V reference voltage. In this case, for 
each 3 dB that the input signal increases, a comparator 
will switch on another indicating LED.This resistor divider 
can be connected between any 2 voltages, providing that 
they are at least 1.5V below V+ and no lowerthan V-. 

I nterna I Voltage Reference 

The reference is designed to be adjustable and develops a 
nominal1.25V between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con
stanl. a constant current I, then flows through the output 
set resistor R2 giving an output voltage of: 

VOUT= VREF(1 + :~)~ IAOJ R2 

I 
IL I LMJ914 I 
~ REF REF ~ 

I OUT __ ADJ __ 

r7--,8 9 
. I R1 VR1EF 

VOlUT ~IAOJ 
RZ 

Since the 120 flA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V+ and load 
changes. For correct operation, reference load current 
should be between 80 flA and 5 mAo Load capacitance 
should be less than 0.05 /-IF. . 

Current Programming 

A feature not completely illustrated by the block diagram 
is the LED brightness control. The current drawn out of 
the reference voltage pin (pin 7) determines LED current. 
Approximately 10 times this current will be drawn 
through each lighted LED, and this current will be 
relatively constant despite supply voltage and tem
perature changes. Current drawn by .the internal 
10-resistor divider, as well as by the external current and 
voltage'setting divider should be included in calculating 
LED drive current. The ability to modulate LED brightness 
with time, or in proportion to input voltage and other 
signals can lead to a number of novel displays or ways of 
indicating input overvoltages, alarms, etc. 

The LM3915 outputs are current-limited NPN transistors' 
as shown below. An internal feedback loop regulates the 
transistor drive. Output current is held at about 10 times 
the reference load current, independent of output voltage 
and processing variables, as long as the transistor is not 
saturated. 
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LM3915 Output Circuit 
PIN 1. PINS 10-18 

Outputs may be run In saturation with no adverse effects, 
making it possible to directly drive logic. The effective 
saturation resistance of the output transistors, equal to 
RE plus the transistors' collector resistance, is about 501l. 
It's also possible to drive LEDs from rectified AC with no 
filtering. To avoid oscillations, the LED supply should be 
bypassed with a 2.2 flF tantalum or 10 flF aluminum elec
trolytic capacitor. 

Mnrlp. Pin Use 

Pin 9, the Mode Select input, permits chaining of multiple 
LM3915s, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in the 
applications. 

Bar Graph Display: Wire Mode Select (pin 9) directly to 
pin 3 (V+ pin). 

Dot Display, Single LM3915 Driver: Leave the Mode 
Select pin_open circuil. 

Dot DisplaY,20 or More LEOs: Connect pin 9 of the first 
driver in the series (i.e., the one with the lowest input 
voltage comparison points) to pin 1 of the next higher 
.LM3915 driver. Continue connecting pin 9 of lower in
put drivers to pin 1 of higher input drivers for 30 or more 
LED displays. The last LM3915 driver in the chain will 
have pin 9 left open. All previous drivers should have a 
20k resistor in parallel with LED #9 (pin 11 to VLEO). 

Mode Pin Functional Description 
This pin actually performs two functions. Refer to the 
simplified block diagram below. 

Block Diagram of Mode Pin Function 
OUTPUT NO.9 OUTPUT NO. 10 

CONTROLLED DRIVE { 
(FROM COMPARATORS) ..... + __ -+ __ ..... -1 

v-

'* High for bar 



Mode Pin Functional Description (Continued) 

Dot or Bar Mode Selection 

The voltage at pin 9 is sensed by comparator Cl, nom· 
inally referenced to 01 + -100 mV). The chip is in bar mode 
when pin 9 is above this level; otherwise It's In dot mode. 
The comparator is designed so that pin 9 can be left open 
circuit for dot mode. 

Taking into account comparator gain and variation in the 
100 mV reference level, pin 9 should be no more than 
20 mV below V+ for bar mode and more than 200 mV 
below V + (or open circuit) for dot mode. In most applica' 
tlons, pin 9 is either open (dot mode) or tied to V+ (bar 
mode). In bar mode, pin 9 should be connected directly to 
pin 3. Large currents drawn from the power supply (LED 
current, for example) should not share this path so that 
large IR drops are avoided. 

Dot Mode Carry 

In order for the display to make sense when multiple 
LM3915s are cascaded in dot mode, special circuitry has 
been Included to shut off LED #10 of the first device when 
LED #1 of the second device comes on. The connection for 
cascading in dot mode has already been described and is 
depicted below. 

As long as the Input signal voltage Is below the threshold 
of the second LM3915, LED #11 Is off. Pin 9 of LM3915 #1 
thus sees effectively an open circuit so the chip is in dot 
mode. As soon as the input lIoltage reaches the threshold 
of LED #11, pin 9 of LM3915 #1 is pulled an LED drop (l.5V 
or more) below VLED- This condition Is sensed by com· 
parator C2, referenced 600 mV below V LED-This forces the 
output of C2 low, which shuts off output transistor Q2, 
extinguishing LED #10. 

VLED is sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 /LA) that Is diverted 
from LED #9 does not noticeably affect its intensity. 

An auxiliary current source at pin 1 keeps at least 100 /LA 
flowing through LED #11 even If the input voltage rises 
high enough to extinguish the LED. This ensures that pin 9 
of LM3915 #1 is held low enough to force LED #10 off when 
any higher LED is illuminated. While l00,.A does not nor· 
mally produce slgniflca!)t LED illumination, It may be 
noticeable when using high·efficiency LEOs in a dark en· 
vironment. If this Is bothersome, the simple cure is to 
shunt LED #11 with a 10k resistor. The 1V IR drop is more 
than the 900 mV worst case required to hold off LED #10 
yet small enough. that LED #11 does not conduct 
significantly. 

Other Device Characteristics 

The LM3916 is relatively low·powered itself, and since any 
number of LEOs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEOs OFF) is 1.6 mAo However, any reference loading 
adds 4 times that current drain to the V + (pin 3) supply in· 
put. For example, an LM3916 with a.l mA reference pin 
load (1.3k) would supply almost 10 mA to every LED while 
drawing only 10 mA from its V + pin supply. At full· scale, 
the IC is typically drawing less than 10% of the current 
supplied to the display. 

The display driver does not have bullt·in hysteresis so that 
the display does not jump Instantly from one LED to the 
next. Under rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An "overlap" is built in so that at no time are all segments 
completely off in the dot mode. Generally 1 LED fades in 
while the other fades out over a mV or more of range. The 
change may be much more rapid between LED #10 of one 
device and LED #1 of a second device "chained" to the 
first. 

Application Hints 
The most difficult problem occurs when large LED 
currents are being drawn, especially in bar graph mode. 
These currents flowing out of the ground pin cause 
voltage drops in external wiring, and thus errors and 
oscillations. Bringing the return wires from signal 
sources, reference ground and bottom of the reSistor 
string to a single point very near pin 21s the best solution. 

Long wires from VLED to LED anode common can cause 
oscillations. Depending on the severity of the problem 
0.05 "F to 2.2 "F decoupling capaCitors from LED anode 
common to pin 2 will damp the circuit. If LED anode line 
wiring is inacceSSible, often similar decoupling from pin 1 
to pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEOs 
light (dot mode), oscillation or excessive noise is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations, V + voltage at pin 3 is usually 
below suggested limits. Expanded scale meter applica· 
tions may have one or both ends of the Internal voltage 
divider terminated at relatively high value reSistors. These 

. hlgh·impedance ends should be bypassed to pin 2 with at 
lease a 0.001 "F capacitor, or up to 0.1 "F in noisy 
environments. 

Cascading LM3915s in Dot Mode 

LM3915 
NO.1 

;;1 1 
LED LED 
NO.1U No.n 

10 

MODE 
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Application Hints (Continued) 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all LEOs 
programmed to 20 mA the driver will dissipate over 600 
mW.ln this case a 7.50 resistor in series with the LED sup
ply will cut device heating In half. The negative end of the 
resistor should be bypassed with a 22 "F solid tantalum 
capacitor to pin 2. 

Tips on Rectifier Circuits 

The simplest way to display an AC signal using the 
LM3915 is to apply it right to pin 5 unrectified. Since the 
LED illuminated represents the Instantaneous value of 
the AC waveform, one can readily discern both peak and 
average values of audio signals in this manner. The 
LM3915 will respond to positive half-cycles only but will 
not be damaged by signals up to ± 35V (or up to ± 100V if 
a 39k resistor is in series with the input). It's recommend
ed'to use dot mode and to run the LEOs at 30 mA for high 
enough average intensity. 

True average or peaK c:ieieGiiulllt:\.Iuiu:;'; i-~ci:i:ico.t:~ii.:::'~ 
LM3915 is set up with 10V full scale across its voltage 
divider, the turn-on point for the first LED is only 450 mY. A 
simple silicon diode rectifier won't work well at the low 
end due to the 600 mV diode threshold. The half-wave peak 
detector in Figure 1 uses a PNP emitter-follower in front of 
the diode. Now, the transistor's base-emitter voltage 
cancels out the diode offset, within about 100 mY. This ap
proach is usually satisfactory when a single LM3915 is 
used for a 30 dB display. 
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CI 

FIGURE 1_ Half-Wave Peak Detector 
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01,02: lN914 or lN4148 

FIGURE 3. Precision Full-Wave Average Detector 

Display circuits using two or more LM3915s for a dynamic 
range of 60 dB or greater require more accurate detection. 
In the precision half-wave rectifier of Figure 2the effective 
diode offset is reduced by a factor equal to the open· loop 
gain of the op amp. Filter capacitor C2 charges through 
R3 and discharges through R2 and R3, so that appropriate 
selection of these values results in either a peak or an 
average detector. The circuit has a gain equal to R2/Rl. 

It's best to capacltively couple the input. Audio sources 
frequently have a small DC offset that can cause signifi
cant error at the low end of the log display. Op amps that 
slew quickly, such as the LF351, LF353 or LF356, are need
ed to faithfully respond to sudden transients. It may be 
necessary to trim out the op amp DC offset voltage to ac
curately cover a 60 dB range. Best results are obtained If 
the circuit is adjusted for the correct output when a low
level AC signal (10 to 20 mV) is applied, rather than ad
justing for zero output with zero input. 

For precision full-wave averaging use the circuit in 
F!~!!r"! .'3. lJ"in!] 1 % ".sistors for R1 through R4, gain for 
positive and negative signal differs by only 0.5 dB worst 
case. Substituting 5% resistors increases this to 2 dB 
worst case. (A 2 dB gain difference means that the display 
may have a ± 1 dB error when the input is a nonsym
metrical transient).The averaging time constant is R5·C2. 
A simple modification results in the precision full-wave 
detector of Figure 4. Since the filter capacitor is not buf
fered, this circuit can drive only high impedance loads 
such as the input of an LM3915. 
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FIGURE 2. Precision Half-Wave Rectifier 

CI 
02 A4 

A5 
ZOOk 

A6 
Ik 

,-oAtI\I\r-.... OUTPUT 

, -.J ZOOk 
INPUT-, H,.-.--""',.".---+--..... H---.. 

9-183 

AI 
lOOk AZ 

lOOk 

01,02,03,04: lN914 or lN4148 

FIGURE 4. Precision Full·Wave Peak Detector 



Application Hints (Continued) 

Cascading the LM3915 

To display signals of 60 or90 dB dynamic range, multiple 
LM3915s can be easily cascaded. Alternatively, it is possi· 
ble to cascade an LM3915 with LM3914s for a log/linear 
display or with an LM3916 to get an extended range VU 
meter. 

A Simple, low cost approach to cascading two LM3915s is 
to set the reference voltages of the two chips 30 dB apart 
as In Figure 5. Potentiometer R1 Is used to adjust the full 
scale voltage of LM3915 #1 to 316 mV nominally while the 
second IC's reference is set at 10V by R4. The drawback of 
this method is that the threshold of LED #1 is only 14 mV 
and, since the LM3915 can have an offset voltage as high 
as 10 mV, large errors can occur. This technique is not 
recommended for 60 dB displays requiring good accuracy 
at the first few display thresholds. 

A better approach shown in Figure 6 is to keep the 
reference at 10V for both LM3915s and amplify the input 

LM3915 
NO.1 

SIG 
REF REF 
OUT AOJ MODE 

signal to the lower LM3915 by 30 dB. Since two 1% 
resistors can set the amplifier gain within ± 02 dB, a gain 
trim is unnecessary. However, an op amp offset voltage of 
5 mV will shift the first LED threshold as much as 4 dB, so 
that an offset trim may be required. Note that a single ad· 
justment can null out offset In both the precision rectifier 
and the 30 dB gain stage. Alternatively, instead of amplify
Ing, Input signals of sufficient amplitude can be fed 
directly to the lower LM3915 and attenuated by 30 dB to 
drive the second !-M3915 .. 

To extend this approach to get a 90 dB display, another 30 
dB of amplification must be placed in the signal' path 
ahead of the lowest LM3915. Extreme care is required as ' 
the lowest LM3915 displays input signals down to 0.5 mV! 
Several offset nulls may be required. High currents should 
not share the same path as the low level signal. Also ' 
power line wiring should be kept away from signal lines: 

LM3915 
NO,2 

FIGURE 5. Low Cost Circuit for 60 dB Display 

LM3915 
NO.1 

FIGURE 6. Improved Circuit for 60 dB Display 
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Application Hints (Continued) 

TIPS ON REFERENCE VOLTAGE 
AND LED CURRENT PROGRAMMING 

Single LM3915 

The equations in Figure 7 illustrate how to choose 
resistor values to set reference voltage for the simple 
case where no LED intensity adjustment is required. A 
LED current of 10 mA to 20 mA generally produces ade
quate illumination. Having 10V full-scale across the inter
nal voltage divider gives best accuracy by keeping signal 
level high relative to the offset voltage of the internal com
parators. However, this causes 450 "A to flow from pin 7 
into the divider which means that the LED current will be 
at least 5 mA. R1 will typically be between 1 kD and2 kD.To 
trim the reference voltage, vary R2. 

The circuit in Figure 8 shows how to add a LED intensity 
control which can vary LED current from 9 mA to 28 mAo 

118 117 116 115 114 113 

LM3915 

RLO 22k TYP RHI 
r.JVtt/llr ., 
I 

Adlust R2 to vary VREF 

Pick Rl = ,..-_1",2';:;.5V,-_ 
'LED - VREF/2.2 kll 

(VREF -1.25V) 
Pick R2=------

1.25V/Rl + 0.08 mA 

I 

112 111 liD 

FIGURE 7_ Design Equations for Fixed LED Intensity 

LM3915 
NO.1 

I 

The reference adjustment has some effect on LED intensi
ty but the reverse is not true_ 

Multiple LM3915s 

Figure 9 shows how to obtain a common reference trim 
and intensity control for two LM3915s. The two ICs may be 
connected In cascade for a 60 dB display or may be han
dling separate channels for stereo. This technique can be 
extended for larger numbers of LM3915s by varying the 
values of R1, R2 and R3 in inverse proportion to the 
number of devices tied In. The ICs' internal references 
track within 100 mV so that worst case error from chip to 
chip is only 0.1 dB for VREF = 10V. 

118 117 116 115 114 113 

LM3915 
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r- .JVtt/IIr ., 
I 

-
R4 

4.1k 

R5* 
5Dk 

LED INTENSITY 

I 

*9 mA<'LEo<28 mA @vREF=10V 
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FIGURE 8_ Varying, LED Intensity 
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I 

FIGURE 9. Independent Adjustment of Reference Voltage and LED Intensity for Multiple LM3915s 
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Application Hints (Continued) 

The ,scheme in Figure 10 is useful when the reference and 
LED intensity must be adjusted independently over a wide 
range. The RHI voltage can be adjusted from 1.2V to 10V 
with no effect on LED current. Since the internal divider 
here does not load down the reference, minimum LED cur
rent is much lower. At the minimum recommended 
reference load of 80 ,..A, LED current is about 0.8 mAo The 
resistor values shown give a LED current range from 1.5 
mA to 20 mAo 

At the low end of the intensity adjustment, the voltage 
drop across the 5100 current-sharing resistors is so small 
that chip to chip variation in reference voltage may yield a 
visible variation In LED intensity. The optional approach 
shown of connecting the bottom end of the intensity con· 
trol pot to a negative supply overcomes this problem by 
allowing a larger voltage drop across the (larger) current· 
sharing resistors. 

r 70 ::;,5:- -, 
PIN r 
~ 

8,2k 

LED 
INTENSITY 

I 
I 
I 
I 
I 

I -15V I 
b.. __ ~.J 

LM3915 
NO.1 

. • Optional circuit for improved intensity 
matching at low currents. See text. -

Other Applications 
For increased resolution, It's possible to obtain a display 
with a smooth transition between LEOs.' This is ac· 
complished by varying the reference level at pin 6 by 3 
dBp·p as shown in Figure 11. The signal can be a triangle, 
sawtooth or sine wave from 60 Hz to 1 kHz. The display can 
be run in either dot or bar mode. 

When an exponentially decaying RC discharge waveform 
is applied to pin 5, the LM3915's outputs will switch at 
equal intervals. This makes a simple timer or sequencer. 
Each time interval is equal to RC/3. The output may be 
used to drive logic, opto·couplers, relays or PNP tran· 
sistors, for example. 

REF AOJ 

LM3915 
NO,2 

510 

FIGURE 10. Wide·Range Adjustment of Reference Voltage and LED Intensity for Multiple LM3915s 

V- v+ 

INPUT 
(OVTO 10V) 

LM3915 

REF REF 
OUT ADJ MODE 

7,5k 

3.5Vp·p 
60Hz TO 1kHz 

FIGURE 11. OV to 10V Log Display with Smooth Transitions 
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Typical Applications (Continued) 
Extended Range VU Meter 

lN4001 

'--1 .... - ..... +----, Tl: 6.3 VAC CENTER·TAPPED 

*" 
LMJ915 lMJ916 

MODE 

---~--------"'-----1f----+-----<>- V+I1ZVT020VI 

(10VFULLSCAlEI*'-.. -+---------------------' A2 
5.11k 
1% 

This application shows that the LED supply 
requires minimal filtering. '-_______ '-_______________ ~~:; 

• See Application Hints for optional Peak 
or Average Detector. 

t Adiust R3 for 3 dB difference between 
LED #11 and LED #12 

Vibration Meter 

A. 
Ik 
.% 

,-.... -: .... -;-1>--;-<t--:-.... -: .... -;-1>--;-<t--:-.... -. .... - y+ (JV TO 20V) 

f1LED 

LED 
NO.1 

LED 
NO.1 

"*22 1:::1 PIEZOELECTRIC l TRANSDUCER 

lM3915 

.M 

NO.IU LED 

1 

2 

3 

4 

5 

6 

7 

B 

9 
10 

Threshold 

60 mV 

80 mV 

110mV 

160mV 

220 mV 

320mV 

440mV 

630mV 

B90mV 

1.25 V 

Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 

rill III rill III , III III 'Ill rill. ~1lI 

18 11 16 " 14 1J 12 11 

lM3915 

AEF REF 
v' RLD SI' RH' OUT ADJ 

f.---J' -¥ 3 

* Dv_ll~V I!- ' -¥ 
INPUT 

10k** '20 

;J " "BRIGHTNESS" 
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v' 3V 

rill '20 
17k 

LED 
15k "'01 -NO.IU '0. 10 2N'90~ lN914 

DOT·BAR* 
SWITCH 2.2k 

MODE 
"::" , 

• The input to the dot bar 5 witch may be 
her LEOs. taken from cathodes of ot 

Display will change to bar 
LED so selected begins to 

as saon as the 
light. 

* * a tlonal. Shunts 100 A au p ~ xillary 
sink current away from LEO #1. 



Typical Applications (Continued) 

-57 -54 -61 -48 -4' -4, -39 -36 

60 dB Dot Mode Display 

R. ZO, 

~-3D 
v' 

(1ZVTO ZOVI 

-Z7 -2' -ZI -18 -15 -12 -, -6 -3 'dB 
LED, ~ , ~ , f f f , N f, N N , f i,N , N N N , f, f, f , f , f, f, 

NO.1 F- ~ :.. ~ ~ r ~ :.. ~ .. ~- ~ ~- ~ :.. -
lZ~'1 

10k* NO.ll 
18 11 t6 15 14 13 10 18 11 t6 15 14 t3 12 

LM3915 lMJ915 

REF REF REf 
v- V' RLD SI' RH' OUT .OJ MODE v- V' RLD SID RH' OUT 

~1 ~ 
, 

-¥ 5 I!-.- ' • 9 1 ¥ 
, 

-¥ 
, 

I!...- ' 
R2 

-d;Cl AI " 
1'" " 

"' R4 
IIOk 3.911 R' 

o:!:-
J.24k 

"=' 
• Optional. Shunls 100 ,.A auxiliary 6~~ 

sink current away from LED HII. 

r----
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

o 
AUDlO~ 
INPUT. 

I 
I 

~3 

Driving Vacuum Fluorescent Display 

ANODE 
FILAMENT VACUUM FLUORESCENT 
LD BAR GRAPH 

":" 
R10 

R9 

RB 

R7 

~ 18 11 16 15 14 13 12 
4.7k 

lM3915 

v- v' RLD 
REF 

SID RH' OUT 

LJl ¥ 3 • '-¥ 
, 

INPUT 
nov fULL-SCALE) 

FILAMENT 
H' 

GRID 

11 10 

REF 
.OJ MODE , , 

v' 
12VT015V 

RI6 

'10 
Rl1 

R12 

RI3 

R14 

R15 

----- --lii---' 
." I R4 

AI R' TI.O I 
Uk 

lOOk 100< ~, I ~ 

D!, I "' 7.5k 
-., I 
", I 

":" 

r:r I 
I A7thru A15: 10k± 10% 

I 
01,02: IN914 or IN4148 

* Half·wave peak detector. 

I 
See Application Hints. 

I _~_ I 
l:.. ______________ J 
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Typical Applications (Continued) 
Low Current Bar Mode Display 

y. %%%~~~~~ LED 

(22YTO.~H~"'''*"'''.H'''''M'''.~H~~''*"'''.H''''M'''.~NO.l0 
25V)" LED 

ND.l 

LMl915 

10 

REF 
ADJ MODE 

. 7 9 

+ 
1'2.2 

120 VAC 
60 Hz 

Supply current drain is only 15 rnA with ten 
LEOs illuminated. 

IN4001 

Drivin!! Li'!uid Crystal Dis!'lay 

LlnUID CRVSTAL BAR GRAPH 

LMl915 

22pF 

R2 
B.06k 

i II 
~I '-----~ 

T1 

Bar Display with Alarm Flasher 

, '11/' ~11/ ~ '11/' ~11/~ ~11/ ~ , 11/ .. ~N~ ~11/ ~ '11/' 
LED 

foo· - ..; 
~ -

NO.1 

18 17 16 15 14 Il 12 11 

LMl915 

REF 
ADJ MODE 

~ 100 

'11/ 
FrED 
NO.l0 

10 

B 9 

DOT 

BAR 

Rl 
lk 

+ 
;:~ 

VLED 5Y 

Cl 
100pF 

v· RLO SIG RHI REF OUT REF ADJ MODE 

---11 .£ 1 

~ J5 6 7 

* 
9 

Full·scale causes· the full bar display to 
470 flash. If the Junclion of Rl and Cl Is 

connected to a different LED cathode, the 1.2k 

display will flash when lhal LED lights, and -..,; 
at any higher Input signal. 
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Typical Applications (Continued) 

v+ (5V TO 18V) 

+ 
2.21' 

LEO 
NO.ll 

LEO 
NO.1 

INPUT 

10k 

10k 

-=- V-
HVTO -18V) 

Precision Null Meter 

LM3915 

LM3915 

lk 

lk 

V
HVTO -18V) 

Logarithmic response allows coarse and 
fine adjustments without changing scale. 

Resolution ranges from 10 mV at VIN == 0 to 
500 mV at V)N = ± 1.25V. 

Operating with a High Voltage Supply (Dot Mode Only) 
48V 

3.9k 3.9k 
lW lW 

lN4002 

11/ 11/ 

LEO 
NO.1 18 

3.4V* 

The LED currents are approximately 
lOrnA, and the LM3915 outputs operate 
in saturation for minimum dissipation . 

.,. This point is partially regulated and 
decreases in voltage with temperature. 
Voltage requirements of the LM3915 also 
decrease with temperature. 

11/ 11/ 11/ 

17 16 15 
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LEO 
NO.10 

14 13 12 11 10 

LM3915 

MOOE 
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Typical Applications (Continued) 

Light Meter 

N~E~~ rf'J ~ ... -,f'J ~ 
'" 
r~~ ... rf'J ~ 

'" 
r<l1~ r 

,;M~ '1~~ r::l1 ~ ,~~ r:t'~' r/lj , r;M, 
~ 

,.,;~ , ,jl1 , ,f'J , ,jl1 , rf'J , ,f'J ' rf'J , r! 
18 17 

V-

---1' ~ 

OFF 

"ON 
, 

..l!. 
-=-9V 

* . 

02W D.4W O.BW 

+ 

~ ~ 

LOUDSPEAKER 

LED 
NO. 

16 15 I. 13 12 \I 10 18 17 16 15 
" 

13 12 \I \0 

LM3915 LM3915 

REF REF REF REF 
V+ RLD SIG RHI OUT ADJ MODE V- V+ RLD SIG RHI OUT ADJ MODE 

J • 5 6 

12k * I' JI ~ 
J • 5 6 7 8 I' 

+ 

I f'·' 15k 

1 

~r 3.9k 
6" ,. 

12011. 
1M" ,% 

":' 

• Resistor value selects exposure 

1/2 IIstop resolution 

LMJDB 6 
Ten lis top range (1000:1) ~~ -2~ .«.~ II> J + LMJ08A 8 6 

J+. ;,00,' 
Typical supply current is 8 mAo 

4 r'DOPf 

UiW 

Audio Power Meter 

RI 

R' 
10. 

JW ow I3W 25W 

lM3915 

RI 
J'O 

R' 
2JIr. 

Load R1 
Impedance 

411 10k 

811 18k 

1611 30k 

1ZVTD20V 

sow 100W 

~ 

See Application Hints lor optional Peak or 
Average Detector 
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Connection Diagram 
Dual·ln·Line Package 

18 
LEO NO. 1 LED NO.2 

17 
V- LED NO.3 

V+ 
16 

LED NO.4 

DIVIDER 15 
(LOW ENOl LED NO.5 

" SIGNAL INPUT LEONO.6 

DIVIDER 6 13 
IHIGH END) LED NO.7 

REFERENCE OUTPUT 12 LED NO.8 

REFERENCE ADJUST 11 LED NO.9 

10 
MODE SELECT LED NO.tO 

TOP VIEW 

Order Number LM3915J 
See NS Package J18A 

Order Number LM3915N 
See NS Package N18A 

20 



Definition of Tenns 
Absolute Accuracy: The difference between the observed 
threshold voltage and the ideal threshold voltage for 
each comparator. Specified and tested with 10V across 
the internal voltage divider so that resistor ratio match· 
Ing error predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output cur· 
rent (lLEO) to the change in input voltage (V1N) required to 
produce it for a comparator in the linear region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current fall 
by 10%. 

Input Bias Current: Current flowing outlof the signal input 
when the input buffer is in the linear region. 

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (VLEO) as 
measured at the current source outputs. As the forward 

voltage of an LED does not change significantly with a 
small change in forward current, this Is equivalent to 
changing the voltage at the LED anodes by the same 
amount. 

Line Regulation: The average change in reference output 
voltage (VREF) over the specified range of supply voltage 
(V+). 

Load Regulation: The change in reference output voltage 
over the specified range of load current {1L(REF)l. 

Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage 
across the internal voltage divider is small. Specified and 
tested with pin 6 voltage (VRH1) equal to pin 4 voltage 
(VRLO)' 

Relative Accuracy: The difference between any two adja
cent threshold pOints. Specified and tested with 10V 
across the internal voltage divider so that resistor ratio 
matching error predominates over comparator offset 
voltage. 
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~National 
~ Semiconductor 
LM3916 Dot/Bar Display Driver 

General Description 
The LM3916 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEOs, LCOs or 
vacuum fluorescent displays, providing an electronic ver
sion of the popular VU meter. One pin changes the 
display from a bar graph to a moving dot display. LED 
current drive is regulated and programmable, eliminating 
the need for current limiting resistors. The whole display 
system can operate from a single supply as low as 3V or 
as high as 25V. 

The IC contains an adjustable voltage reference and an 
accurate ten-step voltage divider. The high-impedance 
input buffer accepts signals down to ground and up to 
within 1.5V of the positive supply. Further, It needs no 
protection against inputs of ± 35V. The input buffer 
drives 10 individual comparators referenced to the preci
sion divider. Accuracy is typically better than 0.2 dB. 

Audio applications include average or peak level indi
cators, and power meters. Replacing conventional 
meters with an LED bar graph results in a faster respond
'ing, more rugged display with high visibility that retains 
the ease of interpretation of an analog display. 

The LM3916 is extremely easy to apply. A 1.2V full-scale 
meter requires only one resistor in addition to the ten 
LEOs. One more resistor programs the full-scale 
anywhere from 1.2V to 12V independent of supply 
voltage. LED brightness is easily controlled with a single 
pot. 

The LM3916 is very versatile. The outputs can drive LCOs, 
vacuum fluorescents and incandescent bulbs as well as 

Typical Applications 

Industrial Blocks 

LEOs of any color. Multipledevices can be cascaded for a 
dot or bar mode display for increased range and/or 
resolution. Useful in other applications are the linear 
LM3914 and the logarithmic LM3915. 

Features 
• Fast responding electronic VU meter 
• Drives LEOs, LCOs, or vacuum fluorescents 
• Bar or dot display mode externally selectable by user 

• Internal voltage reference from 1.2V to 12V 
• Operates with single supply of 3V to 25V 
• Inputs operate down to ground 
• Output current programmable from 1 mA to 30 mA 
• Input withstands ± 35V without damage or false 

outputs 

• Outputs are current regulated, open collectors 
• Directly drives TIL or CMOS 
• The internal 10-step divider is floating and can be 

referenced to a wide range of voltages 

The LM3916 is rated for operation from O·C to + 70 ·C. 
The LM3916N is available in an 18·lead molded DIP 
package and the LM3916J comes in the 18-lead ceramic 
DIP. 

OV to 10V VU Meter 

-20 -10 -7 -5 -3 -1 +1 +2 +3 VU 
r 3V <VLED .;::;;;v+ 

: ~~~~~~~~~~~~~~~~~~~i~ 
I LED -'f- - f- - f- - f- - f- -'f- -'f- No,10 

IND.1 181116151413121110 

C1 I 
TANT!~~~..L 

OR10.F"l' 
ALUMINUM I 

ELECTRoL VTIC I 

I ---1' 
L _____ ...... -+_ .. 

VREF=1.25V t+ :: )+R2X80~A 
12,5V VREF 

ILEP=--+--
Rl 2.2 kO 

1ZVT02~:-

I 

LMJ916 

SIG 

SIGNAL I 
SOURCE 
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REF 
RHI OUT 

R1 
1.2k 

R2 
7,5k 

REF 
AoJ MODE 

Nole 1: Capacitor C1 is required If leads 10 
Ihe LED supply are 6"' or longer, 

Note 2: Circuit as shown is wired for dot 
mode, For bar mode. connecl pin 9 10 pin 3. 
VLED musl be kept below 7V or dropping 
resistor should be used to limit Ie power 
dissipation. 



Absolute Maximum Ratings 
Power Dissipation (Note 5) Input Signal Overvoltage (Note 3) ±35V 

Ceramic DIP(J) lW Divider Voltage -100mVtoV+ 
Molded DIP(N) 625mW Reference Load Current 10mA 

Supply Voltage 25V Storage Temperature Range -55'Cto +150'C 
Voltage on Output Drivers 25V Lead Temperature (Soldering, 10 seconds) 300'C 

; Electrical Characteristics (Note 1) 
~ 

Parameter Conditions (Note 1) Min Typ Max Units 

Comparators ., , 

Offset Voltage, Buffer and First OVSVALO = VAHls 12V, 3 10 mV 
Comparator ILED=1 mA 

Offset Voltage, Buffer and Any Other QV SVALO = VAHI s 12V, 3 15 mV 
Comparator ILED=1 mA 

Gain (aILED/aVIN) IL(AEF)= 2 mA, ILED= 10 mA 3 8 mA/mV 

Input Bias Current (at Pin 5) OVSVINS(V+ -1.5V) 10 50 nA 

Input Signal Overvoltage No Change in Display -35 35 V 

Voltage Divider 

Divider Resistance Total, Pin 6 to 4 6.5 10 15 kO 

Relative Accuracy (Input Change (Note 2) 
Between Any Two Threshold POints) -1 dBsVIN s3 dB 0.75 1.0 1.25 dB 

-7 dB:sVINS -1 dB 1.5 2.0 2.5 dB 
-10 dB,sVINS -7 dB 2.5 3.0 2.5 dB 

Absolute Accuracy (Note 2) 
VIN =2, 1,0, -1 dB -0.25 +0.25 dB 
VIN = -3, -5 dB -0.5 +0.5 dB 
VIN = -7, -10, -20dB -1 +1 dB 

Voltage Reference 

Output Voltage 0.1 mAs IL(AEF)s4 mA, 1.2 1.28 1.34 V 
V+ =VLED=5V 

Line Regulation 3VsV+ s18V 0.Q1 0.03 %N 

Load Regulation 0.1 mAs IL(AEF).s4 mA, 0.4 2 % 
V+ =VLED =5V 

Output Voltage Change with Temperature O·CsTAs + 70·C, IL(REF)= 1 mA, 1 % 
V+ =VLED =5V I 

Adjust Pin Current 75 120 p.A 

Output Drivers 

LED Current V+ =VLED =5V, IL(REF)= 1 mA 7 10 13 mA 

LED Current Difference (Between Largest VLED =5V, ILED=2 mA 0.12 0.4 mA 
and Smallest LED Currents) VLED=5V, ILED =20 mA 1.2 3 mA 

LED Current Regulation 2V SVLEDS 17V ILED=2 mA 0.1 0.25 mA 
ILED =20 mA 1 3 mA 

Dropout Voltage ILED(ON) = 20 mA @ VLED=5V, 1.5 V 

aILED=2 mA 

Saturation Voltag'l ILED = 2.0 mA, 'L(REF) = 0.4 mA 0.15 0.4 V 

Output Leakage, Each Collector Bar Mode (Note 4) 0.1 100 p.A 

Output Leakage Dot Mode (Note 4) 
Pins10-18 0.1 100 p.A 
Pin 1 60 150 450 p.A 

Supply Current 

Standby Supply Current V+ = +5V, IL(AEF) = 0.2 mA 2.4 4.2 mA 
(All Outputs Off) V+ = + 20V, IL(REF) = 1.0 mA 6.1 9.2 mA 
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Notes 
Nata 1: Unless otherwise stated, all specifications apply with the following conditions: 

3 VDCSV+ s20 VDC -0.015VsVRLos12 VDC 

3 VDCSVLEDSV+ VREF, VRHIo VRLOS(V+ -1.5V) 

-0.015VsVRHISI2 VDC OVSVINSV+ -1.5V 

TA=25'C, IL(REF) = 0.2 mA, pin 9 connected to pin 3 (bar mode). 
For higher power dissipations, pulse testing Is used. 

Nate 2: Accuracy Is measured referred to +3 dB= +10.000 VDC at pin 5, with +10.000 VDC at pin 6, and 0.000 VDC at pin 4.At lower full·scale vollages, 
buffer and comparator offset voltage may add significant error. See table for threshold voltages. 

Nata 3: Pin 5 Input current must be limited to ± 3 mA. The addition of a 39k resistor in series with pin 5 allows ± 100V signals without damage. 

Nata4: Bar mode results when pln9 is within 20 mVofV+. Dot mode results when pin 9 is pulled at least 200mV belowV+. LEDH10(pinl00utput current) 
Is disabled If pin 9 Is pulled 0.9V or more below VLED. 

Nata 5: The maximum junction temperature of the LM3916 Is 100 'C. Devices must be derated for operation at elevated temperatures. Junction to ambient 
thermal resistance Is 75'CIW for the ceramic DIP (J package) and 120'CIW for the molded DIP (N package). 

LM3916 THRESHOLD VOLTAGE (Note 2) 

Volts Volts 

dB Min Typ Max dB Min Typ 

3 9.985 10.000 10.015 -3± 112 4.732 5.012 
2± 114 8.660 8.913 9.173 -5±1I2 3.548 3.981 
1 ± 114 7.718 7.943 8.175 -7±1 2.818 .3.162 
0±114 6.879 7.079 7.286 -10±1 1.995 2.239 

i-1 ±112 5.957 6.310 6.683 -20±1 0.631 0.708 

T!,!,i~~1 Performance Characteristics 
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Typical Performance Characteristics (Continued). 

Total Divider Resistance 
va Temperature 

_ 1.12 .. 
~ 1.10 

'" i 1.08 .. 
~ 1.(16 
~ 

" ~ 1.04 
In Xi 1.02 

ffi 1.00 

5 0.98 

S 0.9& 
-25 
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I 
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Common·Mode Limits 
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Block Diagram (Showing Simplest Application) 
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Functional Description 
The simplified LM3916 block diagram is included to give 
the general idea of the circuit's operation. A high input 
Impedance buffer operates with signals from ground to 
12V, and Is protected against reverse and overvoltage 
signals. The signal is then applied to a series of 10 
comparators; each of which Is biased to a different com
parison level by the resistor string. 

In the example illustrated, the resistor string is connected 
to the internal 1.2SV reference voltage. As the input 
voltage varies from 0 to 1.2S, the comparator outputs are 
driven low one by one, switching on the LED indicators. 
The resistor divider can be connected between any 2 
voltages, providing that they are at least 1.SV below V + 
and no lower than V -. 

Internal Voltage Reference 

The reference is designed to be adjustable and develops a 
nominal1.2SV between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con
~iC:llli, i::.t c.;ulI~icUli c.;UIIt:mi. i1 Lilt:I·1 iiv'iv"~ 'iiivi.iQ:-& ~~~ vut~i..it 
set resistor R2 giving an output voltage of: 

VOUT= V AEF ~ + ~)+ IADJ R2 

Since the 120 /LA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V + and load 
changes. For correct operation, reference load current 
should be between 80 tLA and 5 mA. Load capacitance 
shou Id be less than O.OS /LF. 

Current Programming 

A feature not completely Illustrated by the block diagram 
is the LED brightness control. The current drawn out of the 
reference voltage pin (pin 7) determines LED current. 
Approximately 10 times this current will be drawn through 
each lighted LED, and this current will be relatively con
stant despite supply voltage and temperature changes. 
Current drawn by the internal10·resistor divider, as well as 
by the external current and voltage-setting divider should 
be included in calculating LED drive current. The ability to 
modulate LED brightness with time, or in proportion to in
put voltage and other signals can lead to a number of 
novel displays or ways of indicating input overvoltages, 
alarms, etc. 

The LM3916 outputs are current-limited NPN transistors 
as shown below. An internal feedback loop regulates the 
transistor drive. Output current is held at about 10 times 
the reference load current, independent of output voltage 
and processing variables, as long as the transistor is not 
saturated. 

9-197 

LM3916 Output Circuit 

PIN 1. PINS 10-18 

Outputs may be run in saturation with no adverse effects, 
making It possible to directly drive logic. The effective 
saturation resistance of the output transistors, equal to 
RE plus the transistors' collector resistance, is about son. 
It's also possible to drive LEOs from rectified AC with no 
filtering. To avoid OSCillations, the LED supply should be 
bypassed with a 2.2 /LF tantalum or 10 /LF aluminum elec
trolytic capacitor. 

Mode Pin Use 

devices, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in the 
applications. 

Bar Graph Display: Wire Mode Select (pin 9) directly to 
pin3(V+ pin). 

Dot Display, Single LM3916 Driver: Leave the Mode 
Select pin open circuit. 

Dot Display, 20 or More LEDs: Connect pin 9 of the first 
driver in the series (i.e., the one with the lowest Input 
voltage comparison pOints) to pin 1 of the next higher 
LM3916 driver. Continue connecting pin 9 of lower Input 
drivers to pin 1 of higher input drivers for 30 or more LED 
displays. The last LM3916 driver in the chain will have 
pin 9 left open. All previous drivers should have a 20k 
resistor in parallel with LED #9 (pin 11 to VLED). 

Mode Pin Functional Description 
This pin actually performs two functions. Refer to the 
simplified block diagram below. . 

Block Diagram of Mode Pin Function 

OUTPUT NO.9 OUTPUT NO. 10 

CONTROLLED DRIVE { 
(FROM COMPARATORS) 

...... 1---+-....... -1 

v-
1-._-+_-+-1 2 

* High for bar 



Mode Pin Functional Description (Continued) 

Dot or Bar Moda Selection 

The voltage at pin 9 is sensed by comparator C1, nom
Inally referenced to (V + -100 mY). The chip Is In bar mode 
when pin 9 is above this level; otherwise it's In dot mode. 
The comparator is desi9ned so that pin 9 can be left open 
circuit for dot mode. 

Taking Into account comparator gain and variation in the 
100 mV reference level, pin 9 should be no more than 
20 mV below V + for bar mode and more than 200 mV 
below V + (or open circuit) for dot mode. In most applica
tions, pin 9 is either open (dot mode) or tied to V + (bar 
mode). In bar mode, pin 9 should be connected directly to 
pin 3. Large currents drawn from the power supply (LED 
current, for example) should not share this path so that 
large IR drops are avoided. 

Dot Mode Carry 

In order for the display to make sense when multiple 
drivers are cascaded in dot mode, special circuitry has 
been Included to shut off LED #10 of the first device when 
LED #1 of the second device comes on. The connection 
for cascading In dot mode has already been described 
and Is depicted In Figure ,t-
As long as the Input signal voltage Is below the threshold 
of the second driver, LED #11 is off. Pin 9 of driver #1 thus 
sees effectively an open circuit so the chip is In dot mode. 
As soon as the Input voltage reaches the threshold of LED 
#11, pin 9 of driver #1 is pulled an LED drop (1.5V or more) 
below VLED- This condition Is sensed by comparator C2, 

LM3914/15116 
NO.1 

20k 

referenced 600 mV below V LED- This forces the output of 
C2 low, which shuts off output transistor Q2, extinguish
ing LED #10. 

VLED is sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 p.A) that is diverted 
from LED #9 does not noticeably affect Its intensity. 

An auxiliary current source at pin 1 keeps at least 100 p.A 
flowing through LED #11 even if the Input voltage rises 
high enough to extinguish the LED. This ensures that pin 
9 of driver #1 Is held low enough to force LED #10 off when 
any higher LED Is illuminated. While 100 p.A does not nor
mally produce significant LED illumination, it may be 
noticeable when using high-efficiency LEOs in a dark en
vironment. If this is bothersome, the simple cure is to 
shunt LED #11 (and LED #1) with a 10k resistor. The 1V IR 
drop Is more than the 900 mV worst case required to hold 
off LED #10 yet small enough that LED #11 does not con
duct significantly. 

In some circuits a number of outputs on the higher device 
are not used. Examples include the high resolution VU 
meter and the expanded range VU meter circuits (see 
Typical Applications). To provide the proper carry sense 
voltage in dot mode, the LEOs of the higher driver IC are 
tied to V LED through two series-connected diodes as 
shown in Figure 2. Shunting the diodes with a 1 k resistor 
provides a path for driver leakage current. 

LM3914/15/1& 
'NO.2 

2.2 + 

FIGURE 1_ Cascading LM3914115116 Series in Dot Mode 

LM391&.LM3916 
NO.1 

12 

1N914 1N914 

III III 1k 

11 10 

LM3915,LM39t6 
NO.2 

13 

FIGURE 2_ Cascading Drivers in Dot Mode with Pin 1 01 Driver #2 Unused 
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Mode Pin Functional Description (Continued) 

Other Device Characteristics 

The LM3915 is relatively low-powered itself, and since any 
number of LEDs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEDs OFF) is1.6 rnA. However, any reference loading adds 
4 times that current drain to the V + (pin 3) supply input. For 
example, an LM3915 with a 1 rnA reference pin load (1.3k) 
would supply almost 10 rnA to every LED while drawing 
only 10 rnA from its V+ pin supply. At full-scale, the IC is 
typically drawing less than 10% of the current supplied to 
the display. 

The display driver does not have built-in hysteresis so that 
the display does not jump instantly from one LED to the 
next. Under rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An "overlap" is built in so that at no time are all segments 
completely off in the dot mode. Generally one LED fades 
in while the other fades out over a 1 mV to 3 mV range. The 
change may be much more rapid between LED #10 of one 

Application Hints 
The most difficult problem occurs when large LED 
currents are being drawn, especially in bar graph mode. 
These currents flowing out of the ground pin cause 
voltage drops in external wiring, and thus errors and 
oscillations. Bringing the return wires from signal 
sources, reference ground and bottom of the resistor 
string to a single point very near pin 2 is the best solution. 

Long wires from VLEO to LED anode common can cause 
oscillations. The usual cure is bypassing the LED 
anodes with a 2.2 I'F ~antalum or 10 I'F aluminum elec
trolytic capacitor. If the LED anode line wiring is inac· 
cessible, often a 0.11'F capacitor from pin 1 to pin 2 will 
be sufficient. 

If there is a large amount of LED overlap in the bar mode, 
oscillation or excessive noise is usually the'problem. In 
cases where proper wiring and !>ypassing fail to stop 
oscillations, V + voltage at pin 3 is usually below sug· 
gested limits, When several LEDs are lit in dot mode, the 
problem is usually an AC component of the input signal 
which should be filtered out. Expanded scale meter ap· 
plications may have one or both ends of the internal 
voltage divider terminated at relatively high value 
resistors. These high·impedance ends should be by
passed to pin 2 with 0.1I'F. 

not be damaged by signals up to ± 35V (or up to ± 100V if a 
39k resistor is in series with the input). A smear or bar type 
display results even though the LM3916 is connected for 
dot mode. The LEDs s~ould be run at 20 rnA to 30 rnA for 
high enough average intensity. 

True average or peak detection requires rectification. If an 
LM3916 is set up with 10V full scale across its voltage 
divider, the turn-on point for the first LED is only 450 mV. A 
simple silicon diode rectifier won't work well at the low 
end due to the 600 mV diode threshold. The half-wave peak 
detector in Figure 3 uses a PNP emitter·follower In front of 
the diode. Now, the transistor's base-emitter voltage 
cancels out the diode offset, within about 100 mV. This 
approach is usually satisfactory when a single LM3916 is 
used for a 23 dB display. 

Display circuits such as the extended range VU meter 
using two or more drivers for a dynamic range of 40 dB or 
greater require more accurate detection. In the precision 
half-wave rectifier of Figure 4 the effective diode offset is 
reduced by a factor equal to the open· loop gain of the op 
amp. Filter capacitor C2 charges through R3 and 
discharges through R2 and R3, so that appropriate selec
tion of these values results in either a peak or an average 
detector. The circuit has a gain equal to R2/R1. 

It's best to capacitively couple the input. Audio sources 
frequently have a Sm<i" DC offset that can cause signifi
cant error at the low end of t!1e log display. Op amps that 
slew quickly, such as the LF351 , LF353 or LF356, are 
needed to faithfully respond to sudden transients. It may 
be necessary to trim out the op amp DC offset voltage to 
accurately cover a 60 dB range. Best results are obtained if 
the circuit is adjusted for the correct output when a low· 
level AC signal (10 to 20 rnV) is applied, rather than ad· 
justing for zero output with zer? input. 

H4 
Ik 

vt 15V TO Z5V) 

HI 
10k 01 

IN914 

"'-IH-~~-"- OUTPUT 

INPUT·,~~"",,.,..-t 
H2 
1M H3 

lOOk 

FIGURE 3. ",alf·Wave Peak Detector 

Cl 
1..., HI 

HZ 
lOOk 

H3 
1k 

r-oJIJl/Y-t-°UTPUT 

02 

Power dissipation, especially in bar mode should be 
given consideration. For example, with a 5V supply and 
all LEDs programmed to 20 rnA the driver will dissipate 
over 600 mW. In this case a 7,5D resistor in series with 
the LED supply will cut device heating in half. The 
negative end of the resistor should be bypassed with a 
2.2 p.F solid tantalum or 10 I'F aluminum electrolytic 
capacitor to pin 2. 

.-l 10k 
INPUT-, ..... YII"'""+--~~-.... 01,02: lN914 or lN4148 

Tips on Rectifier Circuits 

The simplest way to display an AC signal using the 
LM3916 is to apply it right to pin 5 unrectified. SinCe the 
LED illuminated represents the instantaneous value of the 
AC waveform, one can readily discern both peak and 
average values of audio signals in this manner. The 
LM3916 will respond to positive half·cycles only but will 
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Rl=R2 forAV=1 

Rl = R2110 for AV = 10 
Cl =10/Rl 

FIGURE 4. Precision Half·Wave Rectifier 



Application Hints (Continued) 

For precision full·wave averaging use the circuit in 
Figure 5. Using 1% resistors for R1 through R4, gain for 
pOSitive and negative signal differs by only 0.5 dB worst 
case. Substituting 5% resistors increases this to 2 dB 
worst case. (A'2 dB gain difference means that the display 
may have a ± 1 dB error when the Input is a nonsym· 
metrical transient). The averaging time constant is R5.C2. 
A simple modification results in the precision full·wave 
detector of Figure 6. Since the filter capacitor is not 
buffered, this circuit can drive only high impedance loads 
such as the input of an LM3916. 

AUDIO METER STANDARDS 

VU Meter 

The audio level meter most frequently encountered is the 
VU meter. Its characteristics are defined in the ANSI 

CI 
0.2 R4 

C2 
0.41 

R5 
200k ~ 200k 

INPUT. H~--IIAfV---"'---¥""'--. 

RI 
lOOk R2 

lOOk 
OUTPUT 

01,02: IN914 or IN414B 

FIGURE 5. Precision Full·Wave Average Detector 

CI 
0.041 pF R3 

AUOIO~ 
300K 

INPUT R4 

RI 
150k R5 

20k R2 
20k 

01 R6 C3 

specification C165. The LM3916's outputs correspond to 
the meter indications specified with the omission of the 
- 2 VU Indication. The VU scale divisions differ slightly 
from a linear scale in order to obtain whole numbers in dB. 

Some of th'e most important specifications for an AC 
meter are its dynamic characteristics: These define how 
the meter responds to transients and how fast the 
reading decays. The VU meter is a relatively slow full· 
wave averaging type, specified to reach 99% deflection 
in 300 ms and overshoot by 1 to 1.5%. In engineering 
terms this means a slightly underdamped second order 
response with 'a resonant frequency of 2.1 Hz and a Q of 
0:62. Figure 7 depicts a simple rectifierlfilter circuit' that 
meets these criteria. 

CI 

R5 
200k 

R6 
510 

0.2 R4 
~ 200k 

INPUT. ~""---¥""'--""---IM-....,.'" 

01, '02,03,04: IN914 or IN414B 

Attack and decay time to DIN PPM spec. 
Response down 1 dB for 10 rns tone 
burs\. Oecays 20 dB In 1.5s: 

FIGURE 6. Precision Full·Wave Peak Detector 

Gain R5 R6 C2 C3 

I lOOk 43k 2.0 0.56 ~F 

101M lOOk 1.0 . 0.056 ~F 

DeSign Equations 

I W02=I77sec- 2 
R5'R6'C2'C3 . 

RI =R2«,R4 

OUTPUT .' 
AI, A2: 1/2 LF353 

DI, D2: IN914 or IN414B 

* Reaches 99% level at 300 rns 
after applied tone burst 
and overshoots 1.2%. 

Wo 
= - =21.5s8c- 1 

Q 

FIGURE 7. Full·Wave Average Detector to VU Meter Specifications' 
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Application Hints (Continued) 

Peak Program Meter 

The VU meter, originally intended for signals sent via 
telephone lines, has shortcomings when used in high 
fidelity systems. Due to its slow response time, a VU meter 
will not accurateiy display transients that can saturate a 
magnetic tape or drive an amplifier into clipping. The fast· 
attack peak program meter (PPM) which does not have 
this problem is becoming increasingly popular. 

While several European organizations have specifications 
for peak program meters, the German DIN specification 
45406 is becoming a de facto standard. Rather than reo 
spond instanta~eously to peak, however, PPM specifica· 
tions require a finite "integration time" so that only peaks 
wide enough to be audible are displayed. DIN 45406 calls 
for a response of 1 dB down from steady·state for a 10 ms 
tone burst and 4 dB down for a 3 ms tone burst. These reo 
quirements are consistent with the other frequently en
countered spec of 2 dB down for a 5 ms burst and are met 
by an attack time constant of 1.7 ms. 

i:-I~ ~~cc,i:ic~ ;-~!:..:~;-; !;:7;: :::~ ~.=: !: ~O d9 !'e-::~!!"e~ e. ~51J 
ms decay time constant. The full·wave peak detector of 
Figure 6 satisfies both the attack and decay time criteria. 

Cascading the LM3916 

The LM3916 by itself covers the 23 dB range of the conven· 
tional VU meter. To display signals of 40 dB or 70 dB 

VREFI ; 1.25V 

7.S9V ; 6.31; 16 dB 
1.25V 

LM1915 

dynamic range, the LM3916 ·may be cascaded with the 3 
dB/step LM3915s. Alternatively, two LM3916s may be 
cascaded for increased resolution over a 28 dB range. 
Refer to the Extended Range VU Meter and High Resolu
tion VU Meter in the Typical Applications section for the 
complete circuits for both dot and bar mode displays. 

To obtain a display that makes sense when an LM3915 and 
an LM3916 are cascaded, the - 20 dB output from the 
LM3916 is dropped. The full-scale display for the LM3915 
is set at3 dB below the LM3916's -10 dB output and the 
rest of the thresholds continue the 3 dB/step spacing. A 
simple, low cost approach is to set the reference voltage 
of the two chips 16 dB apart as In Figure 5. The LM3915, 
with pin 8 grounded, runs at 1.25V full-scale. R1 and R2 set 
the LM3916's reference 16 dB higher or 7.89V. Variation in 
the two on-chip references and resistor tolerance may 
cause a ± 1 dB error in the -10 dB to -13 dB transition. If 
this is objectionable, R2 can be trimmed. 

Tilts UIi;:lWUi:1I.;~ VI i.i-IQ Qi'vi~iI,cii~ivjjcd ~~;::;~::.::-: :: !!"::.! !!":~ 
threshold of LED #1 on the LM3915 is only 56 mV. Since 
comparator offset voltage may be as high as 10 mV, large 
errors can occur at the first few thresholds. A better ap
proach, as shown in Figure 9, is to keep the reference the 
same for both drivers (10V in the example) and amplify the 
input signal by 16 dB ahead of the LM3915. Alternatively, 

-10 -1 -5 -1 -I +1 +2 +3 dB 

10 

LM1916 

INPUT 11.9V FULL-SCALE) R2 
9.09k 

FIGURE 8. Low Cost Circuit for 40 dB Display 

-10 -1 -5 -1 -I +1 +2 

LM1915 LM1916 

REF REF 
SIG RHI OUT ADJ 

5 6 6 

R1 
1.5k 

INPUT 
110V FULL SCALE) 

FIGURE 9. Improved Circuit for 40 dB Display 
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Application Hints (Continued) 

instead of amplifying, input signals of sufficient 
amplitude can be fed directly to the LM3916 an'd at
tenuated by 16 dB to drive the LM3915. 

To extend this approach to get a 70 dB display, another 30 
dB of amplification must be placed In the signal path 
ahead of the lowest LM3915. Extreme care is required as 
the lowest LM3915 displays input signals down to 2 mY! 
Several offset nulls may be required. High currents should 
not share the same path as the low level signal. Also power 
line wiring should be kept away from signal lines. 

TIPS ON REFERENCE VOLTAGE 
AND LED CURRENT PROGRAMMING 

Single Driver 

The equations in Figure 10 illustrate how to choose 
resistor values to set reference voltage for the simple case 
where no LED intensity adjustment is required. A LED cur· 
rent of 10 mA to 20 mA generally produces adequate il
lumination. Having 10V full-scale across the internal 
voltage divider gives best accuracy by keeping signal level 
high relative to the offset voltage of the internal com-

LMl916 

RLO 10k TYP RHI 
r-JVlllr- , 
I I 

Adjust R2 to vary VREF 

12.5V 
Pick R1; 'LEO-VREF/1kO . 

Pick R2; (VREF -1.25V) 
1.25VIR1 + 0.08 rnA 

Rl 

FIGURE 10. Design Equations for Fixed LED Intensity 

LMl915 

RLO 22k TYP RHI 
r~, 
I I 

R4 
2.2k 

LED Rl 
INTENSITY 10k 

REF 
OUT 

REF 
AOJ 

R5 
2.4k 

parators. However, this causes 1 mA to flow from pin 7 into 
the divider which means that the LED current will be at 
least 10 mAo R1 will typically be between 1 kG and 5 kG.To 
trim the reference voltage, vary R2. 

The circuit in Figure 11 shows how to add a LED intensity 
control which can vary LED current from 5 mA to 28 mAo 
Choosing V REF = 5V lowers the current drawn by the lad
der, increasing the intensity adjustment range. The 
reference adjustment has some effect on LED intensity 
but the reverse is not true. 

Multiple Drivers 

Figure 12 shows how to'obtain a common reference trim 
and intensity control for two drivers. The two ICs may be 
connected in cascade or may be handling separate chan
nels for stereo. This technique can be extended for larger 
numbers of drivers by varying the values of R1, R2 and R3. 
Because the LM3915 has a greater ladder resistance, R5 
was picked less than R7 in such a way as to provide equal 
reference load currents: The ICs' internal references track 
within 100 mV so that worst case error from chip to chip is 
only 0.2 dB for V REF = 5V. 

LMl916 

RLO 10k TYP RHI 
r-JVlllr-, 
I I 

FIGURE 11. Varying LED Intensity 

5 rnAs'LEDS28 rnA 
@ VREF;5V 

LMl916 

RlO 10k TYP RHI 
r-"N'lr, 
I I 

R6 
2.2k 

REF REF 
OUT AOJ MODE 

Rl 
5k 

Rl 
lk 

8 9 

REFERENCE R2 
TRIM 2k 

FIGURE 12. Independent Adjustment of Reference Voltage and LED Intensity for Multiple Drivers 
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Application Hints (Continued) 

The scheme in Figure 13 is useful when the reference and 
LED intensity must be adjusted independently over a 
wide range. The RHI voltage can be adjusted from 1.2V to 
10V with no effect on LED current. Since the internal 
divider here does not load down the reference, minimum 
LED current is much lower. At the minimum recommend· 
ed reference load of 80 /iA, LED current is about 0.8 mAo 
The resistor values shown give a LED current range from 
1.5 mA to 25 mAo 

At the low end of the intenSity adjustment, the voltage 
drop across the 510n current·sharing resistors is so small 
that chip to chip variation in reference voltage may yield a 
visible variation in LED intensity. The optional approach 

r 70 ;;;;15:- ""1 
I 
I 
I 
I 
I 

PIN 1 
,....-.-... 

I -15V I 
b.. ___ -.J 

LMJ916 

• Optional circuit for improved intensity 
matching at low currents. See text. 

510 

5k 
LED 
INTENSITY 

shown of connecting the bottom end of the intensity con· 
trol pot to a negative supply overcomes this problem by 
allowing a larger voltage drop across the (larger) current· 
sharing resistors. 

Other Applications 
For increased resolution, it's possible to obtain a display 
with a smooth transition between LEOs. This is ac· 
complished by superimposing an AC waveform on top of 
the input level as shown in Figure 14. The signal can be a 
triangle, sawtooth or sine wave from 60 Hz to 1 kHz. The 
display can be run in either dot or bar mode. 

LMJ916 

510 

1.25V"VREF,,10V 

1.5 rnAsiLEDs25 rnA 

FIGURE 13. Wide· Range Adjustment of Reference Voltage and LED IntenSity for Multiple Drivers 

INPUT 
(OV TO 10VI 

lOOk 

QO~:P.P '¥ 60HzTOlkHz 

LMJ916 

2k 

12k 

FIGURE 14. OV to 10V VU Meter with Smooth Transitions 
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Extended Range VU Meter (Bar Mode) 
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RHI OUT 
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~RI 
C"lk 
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REF 
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LM3916 
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~r 
» 
'0 
'2. 
5" 
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~ en 
"0 o 
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~ 

ill.. .. v+ (12V TO 20V) 

INPUT (7.8V FULL·SCALE)* .. 'VVI. • 

This application shows that the LED supply 
requires mlnlmalliltering. 

• See Application Hints for optional Peak 
or Average Detector. 

t Adjust R3 for 3 dB difference between 
LED #11 and LED #12 

~ ;0.158; -16dB 
R3+R4 

R4 
330k 

-::!::-

~ R3 
~62k 
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Extended Range VU Meter (Dot Mode) 
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D1, D2: 1N914 or 1N4148 

* Optional shunts 100 JlA auxiliary 
sink current away from LED #1. 

tSee Application Hints for 
optional peak or average detector 
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Typical Applications (Continued) 
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.AUOIO-! 
INPUT 

I 
I 

Driving Vacuum Fluorescent Display 

VACUUM FLUORESCENT 
FILAMENT BAR GRAPH 
La 

':' DISPLAY ANODES 
RIO 

R9 

RS 

R7 

R6 IS 17 16 15 I. 13 

Uk 

LM391S 

V- v+ RLO SIG RHI 

L-JI * 
3 4 

5-¥ 

----- --fij---' 
Ik I 

$"0 I RI R2 
lOOk lOOk ~I I ... 

D.!, I' 
I .... I 
W~7 I 

LF3517 I 
I rV4 I 
I 

If' 
12V TO 15V 

FILAMENT 
HI RIB 

270 
GRID 

RII 

RI2 

RI3 

RI' 

RI5 

12 11 10 '. 

REF REF 
OUT AOJ MODE 

7 B 9 

R4 
2k 

~ 

R5 
12k 

-=E: 

A7 Ihru A15: 10k ± 10% 

01.02: lN914 or lN414B 

• Half-wave peak detector. 
See Application Hlnls. 

I -5V~;-15V I l:. ______________ J 

Indicator and Alarm, Full·Scale Changes Display From Dot to Bar 

LED 
NO.1 

111 

1011** 

111 

18 17 

111 111 111 

16 15 14 

LM391S 

111 111 

13 12 

9·206 

120 
111 111 27k 

11 

LEO 
NO.l0 

10 

DDT·BAA* 
SWITCH 2.2k 

• The inpul to the Dot-Bar switch may be 

taken from calhodes of olher LEOs. 
Display will change to bar as soon as Ihe 
LED so selected begins 10 light. 

'* '* Optional. Shunts 100 IJA auxiliary 
sink current away from LED #1. 



-23 VU -18 -13 -10 -8 -6 -S -4 -3 

High Resolution VU Meter (Bar Mode) 

-2 -1 o VU +1 +2 +3 +4 +SVU 

~ 
"C 
c;" 
!. 

~ 
"2-
Ef -0" 
~ 
I/) 

c; 
o ~~"77--~~-1~~~~~J-~"77--f7~-t~--~~-1~~"~-----------------------"~--~~-1~~~~~~~"~3V$VLEO$6V 

11 LEOS NC NC 

L...---f-~--"""~-f=--+.,..---I-:-:----"""--...., 11 1,6 Ls 14 13 12 11 10 

I I I ~" II 'W'" 

~I r £ r £ r ~l r r 11 1 r 1 1.6 
17 18 19 

-.j - - HI - - C; H4 
m ~ Sn 

2k 

(12VTO 2~~~. • •• 

INPUT* 
(0 VU -10V, ~ • 'IM. ... ----------------- ~ 

-s vu -11.18V) HI 

IH2 
23.2k 

3D.lk 1% 
1% 

* See Application Hints for optional peak or average detector. 

~ .. 0.562= -5dB 
Rl+R2 

or Rl ,,0.7SS·R2 

~RS 
6.2k 

-

;a 
;::r 
c: 
(1) 

S 

9~6&W' 
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-23VU -13 -10 -B -6 -4 -3 :-2 

High Resolution VU Meter (Dot Mode) 

-1 OVU lk 
,& 

Dl 
lN914 

...... , 

,11.1., 11.1 11.1 ,11.1 ., 11.1 ,11.1., 
11.1 11.1 ,1//., 11.1. ., ~. ~ ~ ~ ~ ~ ~ ~ ~ ~ " NC NC . ~ - F- - ~ - F- - F-

118 117 lB 17 1& 15 14 13 12 

LM3916 

REF 
V- v+ RLJI SIG RHI OUT 

~1 -¥ 3' J: S ~7 

RB* 
, ~;k ,10k R3 

2k 
,& .. 

-t 
- '"'-10 I'F 

'<V+<20V T INPUTt 
(OVU= 10V, 

+5 VU = 17 .7aV) 

11 10 

REF 
ADJ MODE 

a 19 f1 
NC 

* Optional shunts 100 p.A auxiliary 
sink current away from LED #1. 

tS •• Application Hints for 
optional peak or average detector. 

~ ,,0.562= -5dB 
Rl +R2 

or Rl ,,0.788·R2 

V-

* 

D2 
lN914 

...... , 

NC 

116 

V+ 

3 

NC 

1t5 

RLD 

* 
Rl 

23,2k 

+1 

11.1 

~~ 
14 

LM391& 

SIG 

S 

RZ 
'~ 30,lk 

_ .... 

+2 +3 +4 +5 VI 

,11.1 ~ ,11.1 ., ,11.1 ~ ~. ., 
-'- ..; F- - F- ..; 

11.1 

13 12 11 10 

REF - REF 
RHI OUT AOJ MODE 

I.!..- 7 . a 1 9 • NC 

,~ R4 
, 2k 

• RS 
• 6.2k 

... ~ 

LM3916 

~ 
"t:I 
C;" 
&» 

» 
"t:I 
"2-n" 
&» -ci" = en 
o o 
~ 
5' 
c: 

~ 



Typical Applications (Continued) 

Displaying Additional Levels 

-20 VU -Ie -7 -5 

LM3916 

REF 
SIG RHI OUT 

5 6 

+ R4 "J" 10"F 
Ik 

(10 V FULL SCA~I~ -.----if----+----i 

~ ,,0.794= -2dB 
A2+A3 

A2+A3 

A1+A2+A3 
,,0.562= -5dB 

or A2 = 0.259·A3 
and A1 = 0.979·A3 

RI 
9.16k 
1% 

R2 
2.61k 

1% 

R3 
10k 
1% 

REF 
ADJ MODE 

NC 

R6 

R5 
Ik 

3.3k 

Operating with a High Voltage Supply (Dot Mode Only) 

3.9k 
IW 

IN4002 

LED 

48V 

3.9k 
IW 

NO.1 16 11 16 15 14 13 12 II 

3.4V· 

The LED currents are approximately 
10 rnA, and LM3916 outputs operate 
in saturation for minimum dissipation . 

• This polnl is partially regulated and 
decreases in voltage with temperature. 
Voltage requirements of the LM3916 also 
decrease with temperature. 

LM3916 

620 
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Typical Applications (Con!lnued) 

+ 
1'2.2 

~ rill' -LED 
NO.1 

Low Current Bar Mode Display 

LM3916 

Supply current drain is only 20 rnA 
wl1h len LEOs illuminated @ 16 rnA. 

R2 
12k 

Driving Liquid Crystal Display 

LIQUID CRYSTAL BAR GRAPH 

IN4001 

22pF 

Bar Display with Alarm Flasher 

~1lI ~ rlll~ f- ~1lI' '1lI~ f-
rlll~ ~1lI~ Irlll~ 

18 17 16 15 14 13 12 

LM3916 

'1lI~ 
f-

II 

REF 
ADJ MODE 

9 

':' 
DDT 

BAR 

VLED 5V 

100 

RI 

rill Ik 

LED 
ND.IO 

~ 
10 

+ 
;:~ CI 

100J..lF 

v+- RLO SIG RHI REF OUT REF ADJ MODE 

L-JI ~ 
3 -# 15 6 1 

* 
9 

Full·scale causes the full bar display to 
410 flash. If the junction of Rl and Cl is 

1.2k 
connected to a different LED cathode, the 
display will flash when that LED lights, and -at any higher Input signal. 
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Connection Diagram 

Dual·ln·Line Package 

LEO NO.1...!. U r2! LEO NO.2 

V- 2. ~ LEO NO.3 

v+ .2. ~ LEO NO.4 

DIVIDER 4 15 
(LOW END) - r- LED NO.5 

5 14 
SIGNAL INPUT - r- LEO NO.6 

DIVIDER 6 13 
(HIGH END) - I- LED NO.7 

REFERENCE OUTPUT .2. ~ LED NO.8 

REFERENCE ADJUST...!. rl.!. LED NO. 9 

9 10 
iviii;;. 5.i.i:l:, lL ______ ....... IL...... ~~!:! ~!!!. 1~ 

TOP VIEW 

Order Number LM3916J 
See NS Package J18A 

Order Number LM3916N 
See NS Package N18A 

Definition of Terms 
Absolute Accuracy: The difference between the observed 
threshold voltage and the ideal threshold voltage for each 
comparator. Specified and tested with 10V across the in· 
ternal voltage divider so that resistor ratio matching error 
predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output cur· 
rent (I LEO) to the change in input voltage (V IN) required to 
produce it for a comparator in the linear region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current fall by 
10%. 

Input Bias Current: Current flowing out of the signal input 
when the input buffer is in the linear region. 

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (V LED) as 
measured at the 'current source outputs. As the forward 
voltage of an LED does not change significantly with a 

9·211 

small change in forward current, this is equivalent to 
changing the voltage at the LED anodes by the same 
amount. 

Line Regulation: The average change in reference output 
voltage (V REF) over the specified range of supply voltage 
(V+). 

Load Regulation: The change in reference output voltage 
over the specified range of load current (IL(REF))' 

Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage 
across the internal voltage divider is small. Specified and 
tested with pin 6 voltage (VRHI) equal to pin 4 voltage 
(V~ . 

Relative Accuracy: The difference between any two adja· 
cent threshold points. Specified and tested with 10V 
across the internal voltage divider so that resistor ratio 
matching error predominates over comparator offset 
voltage. 



o 
lL ~ National 
:E ~ Semiconductor 

Industrial Blocks 

MF10 Universal Monolithic Dual Switched Capacitor Filter 

General Description 
The MF10 consists of 2 independent and extremely easy to 
use, general purpose CMOS active filter building blocks. 
Each block, together with an external clock and 3 to 4 
resistors, can produce various 2nd order functions. Each 
building block has 3 output pins. One of the outputs can be" 
configured to perform either an all pass, highpass or a 
notch function; the remaining 2 output pins perform low
pass and bandpass functions. The center frequency of the 
low pass and bandpass 2nd order functions can be either 
directly dependent on the clock frequency, or they can de· 
pend on both clock frequency and external resistor ratios. 
The center frequency of the notch and allpass functions is 
directly dependent on the clock frequency, while the 
highpass center frequency depends on both resistor ratio 
and clock. Up to 4th order functions can be performed by 
cascading the two 2nd order building blocks of the MF10; 
higher than 4th order functions can be obtained by cas
cading MF10 packages. Any of the classical filter config
urations (such as Butterworth, Bessel, Cauer and 
Chebyshev) can be formed. 

System Block Diagram 

AGND 

50/100/Cl 

lSh 

ClKB 

Features 
• Lowcost 
• 20·pin 0.3" wide package 

• Easy to use 
• CI9ck to center frequency ratio accuracy = 0.6% 
• Filter cutoff frequency stability directly dependent on 

external clock quality 

• Low sensitivity to external component variation 
• Separate highpass (or notch or all pass), bandpass, 

low pass outputs 

• fax Q range up to 200 kHz 
• Operation up to 30 kHz 

TO AGND ... ----..... -----0\ 

INVB 

20 

Vo VA N/AP/HPo SIB BPB LPB 
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Absolute Maximum Ratings 
Supply Voltage 7V 
Power Dissipation 500mW 
Operating Temperature 0·Ct070·C 
Storage Temperature 150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics (Complete Filter) Vs = ± 5V, TA = 25·C 

Parameter Conditions Min· Typ Max Units 

Frequency Range 'oxO<200kHz 20 30 kHz 

Clock to Center Frequency 
Ratio, felK/fo 

MF10BN Pin 12 High, 0 = 10 49.94±0.2% ±0.6% 
MF10CN loxO<50 kHz, Mode 1 49.94±0.2% ±1.5% 

MF10BN Pin 12 at Mid Supplies 99.35±0.2% ±0.6% 
MF10CN 0=10, fox 0<50 kH·z, Mode 1 99.35±0.2% ±1.5% 

o Accuracy (Q Deviation 
from an Ideal Continuous 
Filter) 

MF10BN Pin 12 High, Mode 1 ±2% ±4% 
MF10CN foxO<100 kHz, 10<5 kHz ±2% ±6% 

MF10BN Pin 12 at Mid Supplies ±2% ±3% 
MF10CN 10 x Q< 100 kHz ±2% ±6% 

10<5 kHz, Mode 1 

10 Temperature Coefficient Pin 12 High (-50:1) ±10 ppm/·C 
Pin 12 Mid Supplies (-100:1) ±100 ppm/·C 
10 x 0< 100 kHz, Mode 1 
External Clock Temperature 
Independent 

Q Temperature Coefficient fo x Q< 100 kHz, 0 Setting ±500 ppm/·C 
Resistors Temperature 
Independent , 

DC Low Pass Gain Accuracy Mode 1, R1 = R2 = 10k ±2 % 

Crosstalk 50 dB 

Clock Feedthrough 10 mV 

Maximum Clock Frequency 1 1.5 MHz 

Power Supply Current 8 10 mA 

Electrical Characteristics (Internal Op Amps) TA = 25·C , 

Parameter Conditions Min Typ Max Units 

Supply Voltage ±4 ±5 V 

Voltage Swing (Pins 1, 2, 9, 20) Vs= ±5V, Rl=5k 
MF10BN ±3.8 ±4 V 

. MF10CN ±3.2 ±3.7 V 

Voltage Swing (Pins 3 and 18) Vs= ±5V, RL=3.5k 
MF10BN ±3.8 ±4 V 
MF10CN ±3.2 ±3.7 V 

Output Short Circuit Current Vs= ±5V 
Source 3 

mA 
Sink 1.5 

Op Amp Gain BW Product 2.5 MHz 

Op Amp Slew Rate 7 V/I'S 
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Definition of Terms 
felK: the switched ca'pacitor filter external clock frequency. 

10: center of frequency of the second ordE!r function com
plex pole pair. fo Is measured at the bandpass output of 
each 1/2 MF10, and It is the frequency of the bandpass 
peak occUrrence (Figure 1). 

Q: quality factor of the 2nd order function complex pole 
pair. a is also measured at the bandpass output of each 
1/2 MF10 and It is the ratio of fo over the - 3,dB bandwidth 
of the 2nd order bandpass filter, Figure 1. The value of a is 
not measured at the lowpass or highpass outputs of the 
filter, but its value relates to the possible amplitude peak
ing at the above outputs. 

HoBP: the gain in (V/v) of the bandpass output at f = fo. 

HOlP: the gain In (V/v) of the lowpass output 01 each 1/2 
MF10 at 1-0 Hz, Figure 2. 

BANDPASS OUTPUT 
50 HOBP / , 

ie 0.707 HOBP 1---/1-f-+-\r\ 
~ /1 I' 

fL I. Itt 
I (LOG SCALE) 

LOWPASS OUTPUT 
~ HOLP Hop 
~ 0.707 HOLP 1-___ ..,1--' "'h. 
~ r 

Ip Ie 
I (LOG SCALE) 

Hop 1===7L~ __ 

HOHP: the gain in (V/V) of the highpass output 01 each 112 
MF10 as 1-lcLK/2, Figure 3. 

a.: the quality lactor of the 2nd order function complex 
zero pair, if any. (Oz is a parameter used wheh an allpass 
output is sought and unlike a it cannot be directly 
measured). 

fz: the center frequency 01 the 2nd order function complex 
zero pair, if any. If fz is diflerentfrom 10 , and i!theOz is quite 
high it can be observed as a notch frequency at the all pass 
output 

. fnotch: the notch frequency observed at the notch 
output(s) of the MF10. 

HON1: the notch output gain as f ... O Hz. 

HON2: the notch output gain as f-fcLK/2. 

FIGURE 1 

FIGURE 2 

i .m:: 71 
1<.----1._1....-__ _ 

Ie Ip 
I (LOG SCALE) 

FIGURE 3 
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Connection Diagram 

Dual-In-Line Package 

LPA..1 • ~LPB 

BPA..!. .!!!.BPa 

N/AP/HPA 2 .!!. N/AP/HPa 

4 ~INVB INVA-

5 
S1A- .!!. 81B 

SAla...! .!!.AGND 

vt..1.. .!!.VA 

vt....! .!!.Vo 

LSh...! .!!. 50/1001 CL 

ClKA~ !E.CLKB 

TOP VIEW 

Order Number MF10CN or MF10BN 

Pin Description 
LP, BP, N/AP/HP 

INV 

S1 

These are the lowpass, bandpass, 
notch or all pass or highpass out
puts of each 2nd order section. The 
LP and BP outputs can sink typi
cally 1 rnA and source 3 rnA. The 
N/AP/HP output can typically sink 
and source 1.5 rnA and 3 rnA, 
respectively. 
This is the inverting input 
of the summing op amp of each 
filter. The pin has static discharge 
protection. 
S1 is a signal input pin used in the 
all pass filter configurations (see 
modes of operation 4 and 5). The 
pin should be driven with a source 
impedance of less than 1 kO. 

It activates a switch connecting 
one of the inputs of the filter's 2nd 
summer either to analog ground 
(SA/B low to VA) or to the lowpass 
output of the circuit (SA/B high to 
V t). This allows flexibility in the 
various modes of operation of the 
IC. SA/B is protected against' static 
discharge. 

Analog positive supply and digital 
positive supply. These pins are in
ternally connected through the IC 
substrate and therefore V t and vri 
should be derived from the same 
power supply source. They have 
been brought out separately so 
they can be bypassed by separate 
capacitors, if desired. They can be 
externally tied together and 
bypassed by a single capacitor. 

VA. Vo 

LSh 

CLK(A or B) 

50/100/CL 

AGND 
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Analog and digital negative supply 
respectively. The same comments 
as for V t and vri apply here. 
Level shift pin; it accommodates 
various clock levels with dual or 
single supply operation. With dual 
± 5V supplies, the M F10 can be 
driven with CMOS clock levels 
(± 5V) and the L Sh pin should be 
tied either to the system ground or 
to the negative supply pin. If the 
same supplies as above are used 
but T2L clock levels, derived from 
OV to 5V supply, are only available, 
the L Sh pin should be tied to the 
system ground. For single supply 
operation (OV and 10V) the VO, VA 
pins should be connected to the 
system ground. the AGND pin 
should be biased at 5V and the L 
Sh pin should also be tied to the 
system ground. This will accom
modate both CMOS and T2L clock 
levels. 

Clock inputs for each switched 
capaCitor filter building block. They 
should both be of the same level 
(T2L or CMOS). The level shift (L Sh) 
pin description discusses how to 
accommodate their levels. The duty 
cycle of the clock should preferably 
be close to 50% especially when 
clock frequencies above 200 kHz 
are used. This allows the maximum 
time for the op amps to settle 
which yields optimum filter 
operation. 

By tying the pin high a 50:1 clock to 
filter center frequency operation is 
obtained. Tying the pin at mid sup
plies (i.e., analog ground with dual 
supplies) allows the filter to oper
ate at a 100:1 clock to center fre
quency ratio. When the pin is tied 
low, a simple current limiting cir
cuitry is triggered to limit the 
overall supply current down to 
about 2.5 rnA. The filtering action is 
then aborted. 

Analog ground pin; it should be 
connected to the system ground 
for dual supply operation or biased 
at mid supply for single supply 
operation. The positive inputs of 
the filter op amps are connected to 
the AGND pin so "clean" ground is 
mandatory. The AGND pin is pro
tected against static discharge. 



Modes of Operation 
The MF10 is a switched capacitor (sampled data) filter. To 
ful,ly describe its transfer functions, a time domain ap
proach will be appropriate. Since this may appear cumber
sonie and, since the MF10 closely approximates con
tinuous filters, the following discussion is based on the 
well known frequency domain. The following illustrations 
refer to 112 of the MF10; the other 112 is identical. Each 
MF10 can produce a full 2nd order functi0n, so up to 4th 
order functions can be performed by using cascading 
techniques. 

MODE 1: Notch 1, Bandpass, Lowpass Outputs: fnotch = fo 
. (See Figure 4) 

= center frequency of the.complex pole pair 

fCLK fCLK 
100 or 50 

fnotch = center frequency 01 the Imaginary zero pair = 10 , 

HOLP = Lowpass gain (as f-O)=,-~ 

HOBP = Bandpass gain (at f = fJ = -~ 

= Notch output gain as} f-O - ~ 

1-lcLK12 

fa R3 
= BW = R2 

Q 

= quality factor of the complex pole pair. 

BW = the - 3 dB bandwidth of t~e bandpass output. 

Circuit dynamics: 

HOBP 
HOLP = aorHOBP=HOLPXQ=HONXQ. 

HOLP(peak)= Q x HOLP(for high Q's) 

The above expressions are important. They deter
mine the swing at each output as a function of 
the desired Q of the 2nd order function. 

MODE 1a: Non-Inverting BP, LP (See Figure 5) 

fCLK fCLK 
=1OO 0r 50 

Q =~ 
HOLP = 1; HOLp(peak)~Q X HOLP(for high Q's) 

R3 
HOPB1 =-R2 

HOBP2 = 1 (non-inverting) 

Circuit.dynamics: f-! OBPl = Q 

FIGURE 4. MODE 1 

FIGURE 5_ MODE 1a 
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Modes of Operation (Continued) 

MODE 2: Notch 2, Bandpass, Lowpass: fnotch< fo 
(See Figure 6) 

10 = center frequency 

IClKV~+1 or IClKV~+1 
100 R4 50 R4 

IClK IClK 
Inotch =1<i0 0r 50 

a = quality lactor 01 the complex pole pair , 

£R2/R4+1 
R2/R3 

HOlP = Lowpass output gain (as 1-0) 

R2/R1 
R2/R4+1 

Hosp = Bandpass output gain (at 1= 101 = - R3/R1 

HONl = Notch output gain (as 1-0) 

_ R2/R1 
R2/R4+ 1 

HON2 := Notch output gain (as I-~) = - R2/R1 

Filter dynamics: Hosp=O,jHolP HON2=0 ,jHONl HON2 

R4 

MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 7) 

a 

= fClKx' fBi' or IClKX' ffii 
100 V Fi4 50 V R4 

= quality lactor 01 the complex pole pair 

, {ij?x ~ 
VFi4 R2 

HOHP = Highpass gain las 1-IClK) = - ~ 
~ 2 R1 

Hosp = Bandpass gain (at I = lei = - ~ 

HOlP = Lowpass gain (as 1-,0) = - ~ 

Circuit dynamics: ~ = ~~::; Hosp= v'HOHPX HOlPX a 

HOlP(peak)= a x HOlP(lor high a's) 

HOHP(peak)= a x HOHP(lor high a'S) 

FIGURE 6. MODE 2 

FIGURE 7. MODE 3 
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·In Mode 3, the feedback loop is closed around the Input 
summing amplifier; the finite GSW product of thisop amp 
causes a slight a enhancement. If this Is a problem, con
nect a small capacltor(10 pF-l00 pF} across R4 to provide 
some phase lead. 



Modes of Operation (Continued) 

MODE 3a: HP, BP, LP and Notch with External Op Amp 
(See Figure 8) 

fa - fCLK X' ffji or fCLK X'\ ffji 
- 100 VFi.4 50 VFi.4 

o =' ~x~ VFi.4 R2 

R2 
HOHP =-R1" 

R3 
HOBP =-R1" 

HOLP 
R4 

= -R1" 

fCLK. /R; fCLK. fR; 
= notch frequency = 100 V At or 50 V At 

=gainofnotchatf~fo= 110 (~HOLP-~HOHP)" 
= gain of notch (as f - 0) = ~ X HOLP 

= gain of notch (as f- fC~K) = - ~ X HOHP 

R4 

MODE 4: Allpass, Bandpass, Lowpass Outputs 
(See Figure 9) 

o 

= center frequency 

fCLK or fCLK. 
100 ·50' 

f~ = center frequency of the complex zero pair", f 0 

fa R3 
= BW =.R:i; 

Qz = quality factor of complex zero pair = ~ 

For AP output make R1 = R2 

HOAP ; Allpass gain (at 0< f < fct) = - ~ = -1 

HOLP = Lowpass gain (as f-O) 

- (~+1) =-2 
HOBP = Bandpass gain (at f = f 01 

-~ (1+~) = -2 (~) 
Circuit dynamics: HOBP =(HOLP)X 0 =(HOAP + 1) Q 

·Due to the sampled data nature of the filter, a slight mismatch of fz and 
fo occurs causing a 0.4 dB peaking around fo of the aU pass filter 
amplitude response (which theoretically should be astraight line). If this 
is unacceptable, Mode 5 is recommended. 

NOTCH 
OUT 

. FIGURE 8. MODE 3a 

R1 

~6 
v+ 

FIGURE 9. MODE 4 
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Modes of Operation (Continued) 

MODE 5: Numerator Complex Zeros, BP, LP 
(See Figure 10) 

=V1 +~x fCLK orY1 + ~x fCLK 
R4 100 R4 50 

= V1 - !:!1 X fCLK rY1 _ !:!1 X fCLK 
R4 100 a R4 50 

Q =·11 + R2/R4X~ 

Qz = ,11 - R1/R4 x ~ 

MODE 6a: Single Pole, HP, LP Filter (See Figure 11) 

fe = cutoff frequency of LP or HP output 

IB fCLK or IB fCLK 
R3 100 R3 50 

HOLP 
R3 

= -R"1 

HOHP 
R2 

= -R"1 

. f R2(R4-R1) 
= gam at C.Z output(as - 0 Hz) = R1 (R2 + R4) 

MODE 6b: Single Pole LP Filter (Inverting and 
Non·lnverting) (See Figure 12) 

Hosp 

HOLP 

= gain at C.Z output (as f- fCt) = ~ 

(~+1) X~ R1 R2 

('R2+R1') X~ 
R2+R4 R1 

R1 

SAIB 

~6 
v+ 

R4 

fe = cutoff frequency of LP outputs 

_ IB fCLK or ~ fCLK 
R3 100 R3 50 

HOLP1 = 1 (non·inverting) 
H' ;:;:; 

OLP2 =-Rl1 

FIGURE 10. MODE 5 

FIGURE 11. MODE 6a 

LPA (N.lNV.) VIN LPA (INV) 

FIGURE 12. MODE 6b 
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Applications hiformation 1.0 

-II 11111111 

HOW TO USE THE fClKlfo RATIO SPECIFICATION = ~~K=49.94 ....... 
-The MF10 is a switched capacitor filter designed to ap· 0.0 ..... 

proximate the response of a 2nd order state variable filter. 
When the sampling frequency is much larger than the fre· 

~ quency band of interest, the sampled data filter is a good z 
approximation to its continuous time equivalent. In the 0 -1.0 II 
case of the MF10, this ratio is about 50:1 or 100:1. Never- ~ 
theless the filter's response must be examined in the 

:;: I w 
I 

z-domain in order to obtain the actual response. It can .be 
CI 

I 
shown that the clock frequency to center frequency ratio, 

-2.0 fClKlfo and the quality factor, a, deviate from their ideal 
values determined in the continuous time domain. These 
deviations are shown graphically in Figures 13 and 14. The 
ratio, fClK/fo, is a function of the ideal a and the largest 
errors occur for the lowest values of O. -3.0 

The curve for the fClKlfo ratio versus the ideal a has been 
0.1 1.0 10 100 

normalized for a a of 10 which is the a value used for the IDEAL 0 
fCLKlfo ratio testing of the MF10. At this point the fCLKlfo 
ratio is 49.94 in the 50:1 mode and 99.35 in the 100:1 mode. FIGURE 14 
These values are within a maximum tolerance of ± 0.6% A SIMPLE AND INFORMATIVE FILTER DESIGN USING 
(MF10B) and ±1.5% (MF10C). The above tolerances hold THE MF10 
for the entire range of a's; in other words, at 50:1, an 
MF10B has a ratio of 49.94 ± 0.6% (a = 10) and this ratio Example 1: Design a 4th order 2 kHz lowpass maximally 
becomes (49.44±0.6%) at 0=2.1. If these small errors flat (Butterworth filter). The overall gain of the 
cannot be tolerated, the clock frequency or the resistor's filter is desired to be equal to WIV. 
ratio, in Mode 3 and Mode 2, can be adjusted accordingly. 

The4th order filter can be built by cascading two 2nd order 
0.5 sections of (fo, a) equal to: a =0.541, fo=2 kHz, Q =1.306, 

11111111 fo=2 kHz. 

f~~=99.35, - Due to the low Q values of the filter, the dynamics of the 
- circuit are very good. Any of the modes of operation can be 

V used but Mode 1a is the most simple: 

~ 
0.0 

IN4 H ~OUT 0=0.541 0=1.306 
z 1,=2 kHz 1,=2 kHz 
0 

~ 112 MF10 1/2 MF10 
:;: MODE 10 MODE 10 
w 

II R3/R2=0.541 R3/R2=1.306 0 

-0.5 FIGURE 15 

I Since for the first section the smallest resistor is R3, 

II choose R3>5k. Assume R3 =10kthen R2=18.48k. Forthe 
second section choose R2 = 10k and then R3 = 13.06k. 
Both clock input pins (10, 11) can be tied together and then 

-1.0 driven with a single external clock. If the approximate ratio 
0.1 1.0 10 100 fCLK/100 is chosen (pin 12 is grounded), then with a 200 kHz 

IDEAL 0 
clock, the cutoff frequency, fe, will be at 2 kHz with a 1.5% 
maximum error. 

FIGURE 13 The filter schematic is shown in Figure 16. 

n v- ~ 
VOUT-

~20 
R3 R2 

15 Ei13 12 t,-19 18 17 16 
lPs SPa N/API INVa Sla AGND VA Vo 50/1001 ClKa 

HPa Cl 

MF10 

N/API 
vt vo' lPA BPA HPA INVA SlA SA/a lSh ClKA 

Ul 
2 3 4 r 6 r r ~ L R3 R2 

J+ VIN T'l ClK 
200 kHz 

FIGURE 16. 4th Order, 2 kHz Lowpass Butterworth Filter 
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Applications Information (Continued) 

With a ± 5V supply, each output node of the IC (pins 1,2,3, 
18,19,20) will swing to ± 3.8V (MF10B) or ± 3.2V (MF10C). 
The maximum gain of 1.306 occurs at pin 19 at fo:: 2 kHz. 
The input voltage amplitude should be limited to less than 
7.6 Vp·p/1.306=5.8 Vp·p. If the a of 1.306 section of the 
MF10 precedes the a of 0.541 section, the maximum gain 
is at pin 1. This gain can be calculated from the expression 
for Hop given in Definition ofTerms, and equals 1.41. 

Getting Optimum Cutoff Frequency, fe, Accuracy 
(if needed): 

In the previous example. an approximate 100:1 ratio was 
assumed. The true fClK/fo ratio should be read from the 
curves, Figures 13 and 14. At 100:1 the normalized ratio to 
0=10 is: fClKlfo=99.35. For a's of 0.541 and 1.306 this 
ratio becomes 99.35-0.75% =98.6. For a 2 kHz fe, the 
clock frequency should be 2 kHz x 98.6 = 197.2 kHz. 

With an MF10B and a 197.2 kHz clock, the maximum error 
on the 2 kHz cutoff frequency is ± 0.6% as indicated in the 
specs. 

If only a 200 kHz is available in Mode 1 a, the true value 
of fe and its maximum error is: 200 kHz/(98.6 ± 0.6%) = 
2028 :;:0.6%. 

If only a 200 kHz is available and there is need for a tight 
tolerance cutoff frequency, then Mode 3 shoold be used in
stead of Mode 1a. The resistor ratios are: 

1st Section, Q = 0.541 

R2/R4 = 0.972 
R3/ R2 = 0.548 

R4JR1 = 1 

4(17) 

2nd Section, Q = 1.306 

R2/R4 = 0.972 
R3/R2 = 1.324 

R4/R1 =1 

MF10 OFFSETS 

The switched capacitor integrators of the MF10 have 
higher equivalent input offset than the typical R,C in
tegrator of a discrete active filter. These offsets are 
created by a parasitic charge injection from the switches 
into the integrating capacitors; they are temperature and 
clock frequency independent and their sign is shown to be 
consistent from part to part. The input offsets of the 
CMOS op amps also add to the overall offset, but their 
contribution is very small. Figure 17 shows an equivalent 
circuit from where output DC offsets can be calculated. 

VOS1 =0 mV to ±10 mV 

VOS2 = charge injected offset plus op amp offset 
:: -120 mV to -170 mV (at 50:1)· 

VOS3 = charge injected offset plus op amp offset 
:: 100 mV to 150 mV (at 50:1) 

The VOS2 and VOS3 numbers approximately double at 100:1. 

Output Offsets 

The DC offset at the BP output(s) of the MF10 is equal to 
tne InpUt oliset oi lile iuwiJCI.~o) ~\/Vii.(.:-Iod CCi~acitCi ;~
tegrator, VOS3. 

The DC offsets at the remaining outputs are roughly 
dependent upon the mode of operation and resi'stor ratios. 

Mode 1 and Mode 4 

VOS(N) 

VOSISP) 

VOSIlP) 

= Vos1 (is- + 1 + II HOlP 11)_ V~S3 
=VOS3 

= VOSIN) - Vos2 

FIGURE 17 

9-221 

s: 
3! 
o 



Applications Information (Continued) 

Mode 2 and Mode 5 

VOS(N) (~+ 1) VO~1 X 1 + ~2/R4 
1 VOS3 + VOS2 ----'---

1 + R4/R2 0'./1 + R2/R4 

Rp= R111R211R4 

VOS(BP) = VOS3 

VOS(LP) = VOS(N) - VOS2 

Mode 3 

VOS(HP) 

VOS(BP) 

VOS(LP) 

=VOS2 

=VOS3 

= -; (~VOS3+VOS2) + 

; (1 +~) VOS1; Rp= R111R311R4 

Mode1a 

Vos(N.INV.BP) 

Vos(INV.BP) 

Vos(LP) 

=VOS3 

VOS3 
VOS1-a 

= Vos(N.INV.BP) - VOS2 

5V SUPPLY 

R 
1M 

Comments on output DC offsets: For most applications, 
the outputs are AC coupled and the DC offsets are not 
bothersome unless large input voltage signals are applied 
to the filter. For instance, if the BP output is used and it is 
AC coupled, the remaining two outputs should not be 
allowed to saturate. If ~o, gain nonlinearities and fo, 0 
errors will occur. For Mode3 of operation a word of caution 
is necessary: by allowing small R2/R4 ratios and high 0, 
the LP output will exhibit a couple of volts of DC offset and 
an offset adjustment should be made. . 

An extreme example: Design a 1.76 kHz BP filter with a 0 of 
21 and a gain equal to unity. The MF10 will be driven with a 
250 kHz clock, and it will be switched 50:1. 

Resistor values:~ = f;:K x 50 = 0.352; ~ = 0.124 

R3 1 . R3 R2 = 21 x 0.352 = 59.63, R1 = 1 

Since R3/R2 is the highest resistor ratio, start with 
R2=10k, then R3::600k, R1=600k, R4=80k. Assuming 
VOS1 = 2 mY, VOS2 = -150 mY, VOS3 = 150 mY, the DC offset 
at the LP output is VOS(Lp) = + 1.2V. The offset adjustment 
will be done by Injecting a small amount of current into the 
inverting input of the ·first op amp, Figure 18. This will 
change the effective Vos1, but the outPUt DC offset of the 
HP and BP will remain unchanged. 

R4 

R3 

FIGURE 18. Vos Adjust Scheme 
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~National 
~ Semiconductor 
TP5116A, TP5117A, TP5156A Monolithic CODECs 

General Description 
The TP5116A, TP5117A and TP5156A are monolithic PCM 
CODECs implemented with double·poly CMOS tech· 
nology. The TP5116A and TP5117A are intended for wlaw 
applications and the TP5156A is for A·law applications. 
The TP5117A has a D3 compatible format for line card 
compatibility with the TP5156A. 

Each device contains separate D/A and AID circuitry, all 
necessary sample and hold capacitors, and internal 
auto·zero circuits. Each device also contains a precision 
internal voltage reference, eliminating the need for an 
external reference. There are no internal connections to 
pins 15 or 16, making them directly interchangeable with 
CODECs using external reference components. 

All devices are intended to be used with the TP3040 
monolithic PCM filter which provides the input anti· 
aliasing function for the encoder and smooths the output 

Simplified Block Diagram 

of the decoder and corrects for the sin xix distortion in· 
troduced by the decoder sample and hold output. 

Features 
• Low operation power-50 mW typical 

• ± 5V operation 
• TTL compatible digital interface 
• Internal precision reference on TP5116A, TP5117 A and 

TP5156A 
• Internal sample and hold capacitors 
• Internal auto-zero circuit 
• TP5116A-wlaw coding (sign plus magnitude format) 
• lP:lll/A-I'·iaw, u~compaiiiJi .. IUIIII"; 
• TP5156A-A·law coding 
• Synchronous or asynchronous operation 

ANI~~~~ +--+--1 1----------1 SAR LOGIC 1--+-. ~~~:i 

Connection Diagram 

'--.--""" 

1+-1-- XMIT CLOCK 

1+-1 __ XMIT SYNC 

REFERENCE 1------, CONTROL 1+-1-- ~ttJ:R 
1+-1-- RCV CLOCK 

1+-1-- RCV SYNC 

Dual·ln·L1ne Package 

ANALOG INPUT 1 

V+ 

V-

NC 

MASTER CLOCK 5 

XMITSYNC 6 

XMITtLOCK 

DIGITAL OUTPUT 

TOP VIEW 
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Absolute Maximum Ratings 
/ 

Operating Temperature - 25·C to + 125·C 
Storage Temperature -65·Ctc +150·C 

V+ with Respect to DIGITAL GROUND '7V 

V + with Respectto V - 14V 
V - with Respect to DIGITAL GROUND -}V 

Voltage at Any Input or Output V- -0.3VtoV+ +0.3V 

DC Electrical Characteristics 
Unless otherwise noted TA=O·C to 70·C, V+ =5.0V ±5%, V- = -5,OV ±5%. Typical characteristics are specified at 
V + = 5.0V, V - = - 5.0V and TA = 25·C. All digital signals are referenced to DIGITAL GROUND. All analog signals are refer· 
enc,ed to ANALOG GROUND. 

Symbol Parameter Conditions Min Typ Max Units 

DIGITAL INTERFACE 

II Input Current OV<VIN<V+ -10 10 /LA 

VIL Input Low Voltage 0.6 V 

VIH InputHigh Voltage 2.2 V 

VOL Output Low Voltage IOL=3.2 mA 0.4 V 

VOH Output High Voltage IOH=6 mA 2.4 V 

ANALOG INTERFACE 

ZI Analog Input Impedance Resistance in Series with 2 kll 
when Sampling Approximately 70 pF 

Zo Output Impedance at Analog 10 20 11 
Output 

liN Analog Input Bias Current VIN=OV :- 0.1 0.1 /LA 

Rl xCl DC Blocking Time Constant 4.0 ms 

C1 DC Blocking Capacitor 0.1 /LF 

R1 Input Bias Resistor 50 kll 

POWER DISSlPATION 

Icc1 Operating Current, Vcc 3.5 7.0 mA 

Iss1 Operating Current, Vss 3.5 7.0 mA 

AC Electrical Characteristics 
Unless otherwise noted, the analog input is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL INPUT is a PCM bit stream generated 
by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output levels are sin xix corrected. 

Symbol Parameter Conditions Min Typ Max Units 
Absolute Level The nominal 0 dBmO levels for 

the TP5116A and TP5117A are 
1.227 Vrms and 1.231 Vrms for 
the TP5156A. The resulting 
nominal overload level is 2.5V 
peak for all devices. All gain 
measurements for the encode 
and decode portions of the 
devices are based on these 
nominal levels after the 
necessary sin xix corrections are 
made. 

GRA Receive Gain, Absolute TA=25·C,V+ =5V, V- = -5V -0.1 0.1 dB 

GRAT Absolute Receive Gain TA = O·C to 70·C -0.05 0.05 dB 
Variation with Temperature 

GRAV Absolute Receive Gain V+ =5V ±5%,V- = -5V±5% -0.07 0.07 dB 
Variation with Supply Voltage 
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AC Electrical Characteristics (Continued) 
Unless otherwise noted, the analog input is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL INPUT is a PCM bit stream generated 
by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output levels are sin xIx corrected. 

Symbol Parameter Conditions Min Typ Max Units 

GXA Transmit Gain, Absolute TA=25·C, V+ =5V, V = -5V -0.1 0.1 dB 

GXAT Absolute Transmit Gain TA = O·C to 70·C -0.05 0.05 dB 
Variation with Temperature 

GXAV Absolute Transmit Gain V+ =5V ±5%, V = -5V ±5% -0.07 0.07 dB 
Variation with Supply Voltage 

GRAL Absolute Receive Gain CCITT Method 2 Relative to 
Variation with Level -10 dBmO 

o dBmO to 3 dBmO -0.3 0.3 dB 
- 40 dBmO to 0 dBmO -0.2 0.2 dB 
- 50 dBmO to - 40 dBmO -0.4 0.4 dB 
-55 dBmO to -50dBmO -1.0 1.0 dB 

GXAL Absolute Transmit Gain CCITT Method 2 Relative to 
Variation with Level "':10dBmO 

o dBmO to ;j ol:!mu -G.3 u.~ -'" 
- 40 dBmO to 0 dBmO -0.2 0.2 dB 
- 50 dBmO to - 40 dBmO -0.4 004 dB 
- 55 dBmO to - 50 dBmO -1.0 1.0 dB 

SIDR Receive Signal to Distortion Sinusoidal Test Method Input 
Ratio Level 

- 30 dBmO to 0 dBmO 35 dBc 
-40 dBmO 29 dBc 
-45dBmO 25 dBc 

SlDx Transmit Signal to Distortion Sinusoidal Test Method Input 
Ratio Level 

- 30 dBmO to 0 dBmO 35 dBc 
-40 dBmO 29 dBc 
-45 dBmO 25 dBc 

NR Receive Idle Channel Noise DR = Steady State PCM Code 0 dBrncO 

Nx Transmit Idle Channel Noise TP5116A, TP5117A, VFx= OV 13 dBrncO 
(No Signaling) 
TP5156A, VFx=OV -67 dBmOp 

HDR Receive Harmonic Distortion 2nd or 3rd Harmonic -47 dB 

HDx Transmit Harmonic Distortion 2nd or 3rd Harmonic -47 dB 

PPSRx Positive Power Supply Input Level =OV, Vcc= 5.0 Voc 50 dB 
Rejection, Transmit + 20 mVrms, 1 = 1.02 kHz 

PPSRR Positive Power Supply DR= Steady PCM Code, 40 dB 
Rejection, Receive Vcc =5.0 Voc+20 mVrms, 

1=1.02 kHz 

NPSRx Negative Power Supply Input Level =OV, Vaa= - 5.0 Voc 50 dB 
Rejection, Transmit + 20 mVrms, f = 1.02 kHz 

NPSRR Negative Power Supply DR=Steady PCM Code, 45 dB 
Rejection, Receive Vaa= -5.0 Voc+20 mVrms, 

1=1.02 kHz 

CTxR Transmit to Receive Crosstalk DR=Steady PCM Code -75 dB 

CTRX Receive to Transmit Crosstalk Transmit Input Level = OV -70 dB 
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Timing Specifications Unless otherwise noted. TA = O·C to 70·C. V + - + 5V ± 5%. V - = - 5V ± 5%.AII digital 
signals are referenced to DIGITAL GROUND and "are measured at VIH and VIL as indicated in the Timing Waveforms. 

Symbol Parameter Conditions Min Typ 

FM MASTER CLOCK Frequency 1.5 2.048 

Fx.FR XMIT. RCV CLOCK Frequency 0.064 2.048 

PWCLK Clock Pulse Width MASTER. XMIT. RCV CLOCKS 150 

tRC.tFC Clock Rise and Fall Time MASTER. XMIT. RCV CLOCKS 

tRS. tFS Sync Pulse Rise and Fall Time RCV. XMIT SYNC 

tRCS. txcs Clock to Sync Delay RCV.XMIT 0 

txss XMIT SYNC Set·Up Time 

txoo XMIT Data Delay Load = 100 pF + 2 LSTTL Loads 

txop XMIT Data Present Load = 100 pF + 2 LSTTL Loads 

tXOT XMIT Data TRI·STATE@ 

tSRC RCV CLOCK to RCV SYNC Delay 0 

tROS RCV Data Set-Up Time 0 

tRss RCV SYNC Set-Up Time 

tROH RCV Data Hold Time 100 

txsL XMIT SYNC Low Time 64 kHz Operation 300 

tRSL RCV SYNC Low Time 64 kHz Operation 17 

Nole 1: RCV SYNC ""!"st remain low for 17 cycles of MASTER CLOCK. 

Timing Waveforms 
72 kHz or Greater Operation 

, XMIT 
tLOCk 

XMIT 
SYNC 

OrGITAl 
OUTPUT 

Rev 
CLOCK 

Rev 
SYNC 

XMIT 
CLOCK 

XMIT~ 
SYNC 

DIGITAL 

64 kHz Operation 

=U=tXSL 

OUTPUT'--___ _ 

Rev 
CLOCK 

RCVLJ 
SYNC =U=IRSL 

DIGITAl--".....-..".-"-1Jr--."...--"--.,--..".--,,--.,,...--,,----
INPUT _~n......_...A.._...JI __ A-_..JI._....J'-_...A.._-Il'--_A-_..JI. ___ _ 

TRI·STAT~ Is a registered trademark of National Semiconductor Corp. 
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Max Units 

2.1 MHz 

2.1 MHz 

ns 

50 ns 

50 ns 

ns 

150 ns 

200 ns 

200 ns 

150 ns 

ns 

ns 

150 ns 

ns 

ns 

(Note 1) 
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Description of Pin Functions 

Pin No. Name 

ANALOG INPUT 

'2 V+ 
3 V-

4 NC 
5 MASTER CLOCK 

Function 

ANALOG INPUT to the en
coder. This signal will be 
sampled at the end of the 
encoder time slot and the 
resulting PCM code will be 
shifted out during the 
subsequent encode time 
slot. 
5V (± 5%) input. 
-5V (±5%) input. 
Unused. 
MASTER CLOCK input 
used to operate the inter-
nal encode and decode 
sequencers. Should be 
1.536 MHz, 1.544 MHz or 
2.048 MHz. 

6 XMIT SYNC Encoder frame sync pulse. 
Normally occurring at an 
8 kHz rate, this pulse is 
nominally eight XMIT 
CLOCK cycles wide. 

7 XMIT CLOCK Transmit bit clock input 
used to shift out the 
PCM data on DIGITAL 
OUTPUT. May operate 
from 64 kHz to 2.048 MHz. 
May be asynchronous with 
RCVCLOCK. 

8 DIGITAL OUTPUT Serial PCM TRI-STATE® 
output from encoder. Dur
ing the encoder time slot, 
the PCM code for the previ
ous sample of ANALOG 
INPUT is shifted out, most 
significant bit first, on the 
rising edge of XMIT 
CLOCK. 

Functional Description 
Approximately 4 JLS after the rising edge of the XMIT SYNC 
pulse, the voltage present on the ANALOG INPUT is 
sampled and the process of encoding that sample into a 
PCM code is begun. Simultaneously, the 8-bit PCM code 
corresponding to the previous sample is shifted out of the' 
DIGITAL OUTPUT, MSB first, on the rising edge of the next 
eight cycles of the XMIT CLOCK. When XMIT SYNC (which 
is normally eight XMIT CLOCK cycles long) goes low, the 
TRI-STATE® DIGITAL OUTPUT is returneq to the high im
pedance state. On the TP5116A, the PCM code is in a wlaw 
sign plus magnitude format. The TP5117A PCM output is 
the standard wlaw format wherein the magnitude bits are 
inverted. The TP5156A uses the standard A-law coding. 

An 8-bit PCM code is shifted into DIGITAL INPUT on the 
rising edge of the first eight RCV CLOCK pulses after 
RCV SYNC goes high. RCV SYNC is nominally eight RCV 
CLOCK cycles wide. Approximately 15 JLs after RCV 

Description of Pin Functions (Continued) 

Pin No. Name Function 

,9 RCVSYNC Decoder frame sync pulse. 
Normally occurring at an 
8 kHz rate, this pulse is 
nominally eight RCV 
CLOCK cycles wide. 

10 RCV CLOCK Receive bit clock input 
used to shift in the 
PCM data on DIGITAL 
INPUT. May operate from 
64 kHz to 2048 MHz. May 
be asynchronous with 
XMITCLOCK. 

11 DIGITAL GROUND All digital levels refer-

12 

13 

14 

15 

16 

DIGITAL INPUT 

enced to the DIGITAL 
GROUND pin. 

Serial PCM data input to 

decoder time slot, PCM 
data is shifted into 
DIGITAL INPUT, most sig
nificant bit first, on the ris
ing edge of RCV CLOCK. 

ANALOG OUTPUT ANALOG OUTPUT from 
the decoder. The decoder 
sample and hold amplifier 
is updated approximately 
15 JLs after the end of the 
decode time slot. 

ANALOG GROUND All analog signals are 
referenced to the ANALOG 
GROUND pin. 

NC 

NC 

Unused. 

Unused. 

SYNC goes low, the ANALOG OUTPUT is updated to the 
voltage corresponding to the PCM input code. 

All encoding and decoding operations are run off the 
MASTER CLOCK. MASTER CLOCK should be in the 
range of 1.536 MHz to 2.048 MHz and should be syn
chronous with XMIT CLOCK and RCV CLOCK. The XMIT 
and RCV CLOCK may vary from 64 kHz to 2.048 MHz. 

Encoding Delay 

The encoding process begins immediately at the begin
ning of the encode time slot and is concluded no later 
than 18 time slots later. In normal applications, the PCM 
data is not shifted out until the next time slot 125 JLslater, 
resulting in an encoding delay of 125 JLs.ln some applica
tions it is possible to operate the CODEC at a higher 
frame rate to reduce' this delay. With a 2.048 MHz 
MASTER CLOCK, the FS rate could be increased to 
15 kHz, reducing the delay from 125 JLs to 67 JLs. 
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Functional Description (Continued) 

Decoding Delay 

The decoding process begins Immediately after the end 
of the decoder time slot. The output of the decoder sam
ple and hold amplifier is updated 28 MASTER CLOCK 
cycles later. The decoding delay is therefore approxi· 
mately 28 clock cycles plus one half of a frame time or, 
81 ,.s for a 1.544 MHz system with an 8 kHz frame rate or, 
76,.s for a 2.048 MHz system with an 8 kHz frame rate. 
Again, for some applications the frame rate could be in
creased to reduce this delay. 

Typical Application 
A typical application of these CODECs used in conjunc
tion with the TP3040 PCM filter is shown below. The values 

-------1 .. RO-

------IPWRO· 
OWR. 

\ 

of resistor R1 and DC blocking capacitor C1, are non· 
critical. The capacitor value should exceed 0.1 ,.F, R1 
should be less than 50 kll, and the product R1 x C1 should 
exceed 4 ms. 

XMITGAIN=20xlog (R3;2R2) +3dB 

RCVGAIN=20x log (~) 
R4+R5 

The power supply decoupling capacitors should be 
0.1 ,.F. In order to take advantage of the excellent noise 
performance of these CODECs, care must be taken in 
board layout to prevent coupling of digital noise into the 
sensitive analog lines. For card insertion into a hot con
nector, care should be taken to insure that GNDA and 
GNDD ani contacted prior to Vee and Vee. 

MASTER CLiC t----
01000'1----

XMITSYNCt----

XMITtLK 1-__ _ 
CODEC 

RCVSYNC!----

RtvClk!----

010.01-__ _ 

,--'--Vcc 

L....-_ ....... _V .. 
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~National 
~ Semiconductor 
TP3020/TP3021 Monolithic CODECs 

General Description 
The TP3020 and TP3021 are monolithic PCM CODECs im· 
plemented with double·poly CMOS technology. The 
TP3020 is intended for ".Iaw applications and contains 
logic for ".Iaw signaling insertion and extraction. The 
TP3021 is intended for A·law applications. 

Each device contains separate D/A and AID circuitry, all 
necessary sample and hold capacitors, a precision volt· 
age reference and internal auto·zero circuit. A serial con· 
trol port allows an external controller to individually 
assign the PCM input and output ports to one of up to 32 . 
time ~101" nr In nl",,,, the CODEC into a Dower·down 
mode. Alternately, the TP3020/TP3021 may be operated 
in a fixed time slot mode. Both devices are intended to be 
used with the TP3040 monolithic PCM filter which pro· 
vides the input anti·aliasing function for the encoder and 
smoothes the output of the decoder and corrects for the 
sin xIx distortion introduced by the decoder sample and 
hold output. 

Simplified Block Diagram 

VFX 

Features 
• Low operation power-45 mW typical 
• Low standby power-1 mW typical 
• ± 5V operation 
• TTL compatible digital interface 
• Time slot assignment or alternate fixed time slot modes 
• Internal precision reference 
• Internal sample and hold capacitors 
• Internal auto·zero circuit 
• TP3020-".law coding with signaling capabilities 
• TP::1021-A·/aw coding 
• Synchronous or asynchronous operalion 

COMPARATOR +-CLKX 

CONTROL 

VFR +-+-___ -<., 
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Absolute Maximum Ratings 
Operating Temperature -25·Cto + 125·C 
Storage Temperature -65·Cto + 150·C 

Vee with Respect to GNDD 7V 

Vee with Respect to Vee 14V 

Vee with Respect toGNDD -7V 
Voltage at Any Input or Output Vee - 0.3V to Vee + 0.3V 
Lead Temperature(Soldering, 10seconds) 300·C 

DC Electrical Characteristics Unless otherwise noted TA = O·C to 70·C, Vee = 5.0V ± 5%, Vee= - 5.0V ± 5%. 
Typical characteristics are specified at Vee = 5.0V, Vee = - 5.0V and TA = 25·C. All digital signals are referenced to GNDD. All 
analog signals are referenced to GNDA. 

Symbol Parameter Conditions Min Typ Max Units 

DIGITAL INTERFACE 

II Input Current O<VIN<Vee -10 10 p.A 

VIL Input Low Voltage 0.6 V 

VIH Input High Voltage 2.2 V. 

VOL Output Low Voltage OX, 10L = 4.0 mA 0.4 V 
SIGR, IOL=0.5 mA 0.4 V 
TSx, IOL = 3.2 ,mA, Open Drain 0.4 V 
PDN,loL=1.6mA 0.4 V 

VOH Output High Voltage Dx,loH=6mA 2.4 V 
SIGR, IOH=0.6 mA 2.4 V 

ANALOG INTERFACE 

ZI VFx Input Impedance when Resistance in Series with 2.0 kG 
Sampling Approximately 70 pF 

Zo Output Impedance at VFR -3.1V<VFR<3.1V 10 20 G 

Vos Output Offset Voltage at VFR DR = PCM Zero Code (TP3020) -25 25 mV 
or Alternating ± 1 Code (TP3021) 

liN Analog Input Bias Current VIN=OV -0.1 0.1 p.A 

Rl xCl DC Blocking Time Constant 4.0 ms 

Cl DC Blocking Capacitor 0.1 p.F 

Rl Input Bias Resistor 50 kG 

POWER DISSIPATION 

IceD Standby Current, Vee 0.1 0.4 mA 

leeo Standby Current, Vee 0.03 0.1 mA 

lec1 Operating Current, Vce 4.5 8.0 mA 

lee1 Operating Current, Vee 4.5 8.0 mA 

, 
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AC Electrica I Characteristics Unless otherWise noted, the analog input Is a 0 dBmO, 1.02 kHz sine wave. The 
digital input Is a PCM bit stream generated by passing a 0 dBmO, 1.02 kHz sine wave through an Ideal encoder. All output levels 
are sin xlx corrected. 

Symbol Parameter Conditions Min Typ Max Units 

Absolute Level The nominal 0 dBmO levels for 
the TP3020 and TP3021 are 1.520 
Vrms and 1.525 Vrms respective-
ly. The resulting nominal 
overload level is 3.096V peak for 
both devices. All gain 
measurements for the encode 
and decode portions of the 
TP3020/TP3021 are based on 
these nominal levels after the . necessary sin xlx corrections 
are made. 

GRA M ... _ ... : ..... 1':". ... : ... "' ............. 1 •• + .... T-?I;'~ "--="0" -0.1 0.1 dB I Iv""""'.", _ ....... ,' •• _ ......... _ .. _ -- -, ......... 
Vee= -5V 

GRAT Absolute Receive Gain T = O'C to 70'C -0.05 0.05 dB 
Variation with Temperature 

GRAV Absolute Receive Gain Vee=5V ±5%, -0.07 0.07 dB 
Variation with Supply Voltage Vee= -5V±5% 

GXA Transmit Gain, Absolute T=25'C, Vee = 5V, Vee= -5V -0.1 0.1 dB 

GXAT Absolute Transmit Gain T = O'C to 70'C -0.05 0.05 dB 
Variation with Temperature 

GXAV Absolute Transmit Gain Vee=5V ±5%, -0.07 0.07 dB 
Variation with Supply Voltage Vee= -5V ±5% 

GRAL Absolute Receive Gain CCITT Method 2 Relative 
Variation with Level to -10dBmO 

o dBmO to 3 dBmO -0.3 0.3 dB 
- 40 dBmO to 0 dBmO -0.2 0.2 dB 
- 50 dBmO to- 40 dBmO -0.4 0.4 dB 
- 55 dBmO to - 50 dBmO -1.0 1.0 dB 

GXAL Absolute Transmit Gain CCITT Method 2 Relative 
Variation with Level to -10dBmO 

o dBmO to 3 dBmO -0.3 0.3 dB 
- 40 dBmO to 0 dBmO -0.2 0.2 .dB 
- 50 dBmO to - 40 dBmO -0.4 0.4 dB 
- 55 dBmO to - 50 dBmO -1.0 1.0 dB 

S/DR Receive Signal to Distortion Sinusoidal Test Method Input 
Ratio Level 

- 30 dBmO to 0 dBmO 35 dBc 
-40dBmO 29 dBc 
-45dBmO 25 dBc 

S/Dx Transmit Signal to Distortion Sinusoidal Test Method Input 
Ratio Level 

- 30 dBmO to 0 dBmO 35 dBc 
-40dBmO 29 dBc 
-45dBmO 25 dBc 

NR Receive Idle Channel Noise DR = Steady State PCM Code 0 dBrncO 

Nx Transmit Idle Channel Noise TP3020, VFx = OV (No Signaling) 13 dBrncO 
TP3021, VFx=OV -67 dBmOp 

HDR Receive Harmonic Distortion 2nd or 3rd Harmonic -47 dB 

HDx Transmit Harmonic Distortion 2nd or 3rd Harmonic -47 dB 
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AC Electrical Characteristics (Continued) Unless otherwise noted,the analog Input is a 0 dBmO, 1.02 kHz sine 
wave. The digital Input is a PCM bit stream generated by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All 
output levels are sin xix corrected. 

Symbol Parameter Conditions Min Typ Max Units 

PPSRx Positive Power Supply Input Level =OV, Vcc=5.0 Voc 50 dB 
Rejection, Transmit + 20 mVrms, f = 1.02 kHz 

PPSRR Positive Power Supply DR = Steady PCM Code, 40 dB 
Rejection, Receive Vcc =5.0 Voc+20 mVrms, 

f= 1.02 kHz . 
NPSRx Negative Power Supply Input Level =OV, Vee= -5.0Voc 50 dB 

Rejection, Transmit + 20 mVrms, f = 1.02 kHz 

NPSRR Negative Power Supply DR = Steady PCM Code, 45 dB 
Rejection, Receive . Vee= -5.0Voc +20 mVrms, 

1= 1.02 kHz 

CTxR Transmit to Receive Crosstalk DR = Steady PCM Code -75 dB 

CTRX Receive to Transmit Crosstalk Transmit Input Level = OV -70 dB 

Timing Specifications Unless otherwise noted, TA=O'C to 7a'c, Vcc =5.0±5°i'o, Vee= -5.0±5%. Ali di,gital 
signals are referenced to GNDD and measured at V,L and V,H levels as indicated in the Timing Waveforms. 

Symbol Parameter Conditions Min Typ 'Max Units 

tpc Period of Clock CLKc, CLKR, CLKx 488 ns 

tRC' t FC Rise and Fall Time of Clock CLKc, CLKR, CLKx 30 ns 

tWCH Width of Clock High CLKc, CLKR, CLKx 165 ns 

t WCL Width of Clock Low CLKc, CLKR, CLKx 165 ns 

tAlo AID Conversion Time From End 01 Encoder Time 16 Time 
Slot to Completion of Slots 
Conversion 

tOIA DIA Conversion Time From End of Decoder Time 2 Time 
Slot to Transition of VFR Slots 

tsoc Set-Up Time, Dc to CLKc 100 ns 

tHOC Hold Time, CLKc to DC 100 ns 

t SFC Set-Up Time, FSx or CLKx 100 ns 

tHFX Hold Time, CLKx to FSx 100 ns 

tozx Delay Time to Enable Ox on CL=150pF 125 ns 
TS Entry 

toox Delay Time, CLKx to Dx CL = 150 pF 125 ns 

toxz Delay Time, Ox to High CL=O pF 50 165 ns 
Impedance State 'on TS Exit 

t OTSL Delay to TSx Low 0:5CL:5150 pF 30 185 ns 

tOTSH Delay to TSx Off CL=O pF 30 185 ns 

tssx Set·Up Time, SIGx to CLKx 100 ns 

tHSX Hold Time, CLKx to SIGx 100 ns 

tSFR Set·Up Time, FSR to CLKR 100 ns 

tHFR Hold Time, CLKR to FSR 100 ns 

tSOR Set·Up Time, DR to CLKR 40 ns 

tHOR Hold Time, CLKR to [)R 30 ns 

tosR Delay Time, CLKR to SIGR CL= 100 pF 300 ns 
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Timing Waveforms 
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,.. 
N Connection Diagrams 
~ Dual·ln·Llne Package Dual·ln·Llne Package 
Q. 

22 .... NC 24 ClKC NC ClKC 

a NC 23 DC NC 21 Dc N 

~ 22 Vaa VFX 20 
Vss 

Q. 
NC 21 SIGx 19 .... NC FSx 

GNDA 20 FSx 
IS ClKX GNDA 

SIGR 19 ClKx 
17 TP3020 NC TP3021 FSR 

Ne 18 FSR 

DR 17 ClKR 
DR elKR 

PDN 16 VCC PDN VCC 

VFR 10 15 TSx VFR 

NC 11 
" Ox 

Ne 10 Ox 

NC 
12 13 GNDD Ne 11 12 GNDD 

TOPVIEW TOP VIEW 

Description of Pin Functions 
TP3020 TP3020 (Continued) 

Pin No. Name Function Pin No. Name Function 

1 NC Unused 11 NC Unused 
2 NC Unused 
3 VFx Analag input ta the encader. This 12 NC Unused 

Signal wi II be sampled at the end .of the 
13 GNDD Digital graund. All digital levels are ref· encader time slat and the resulting 

PPM cade will be shifted aut during erenced ta this pin. 

the subsequent encade time slat. 14 Dx Serial PCM TRI-STATE'" .output fiOm 
4 NC Unused the encader. During the encader time 
5 GNDA Analag graund. All analag signals are slat, the PCM cade ,far the previaus 

referenced ta this pin. sample .of VFx is shifted aut, mast 
6 SIGR Receive signaling bit .output. During significant bit first, an the rising edge 

receive Signaling frames the least sig· afCLKx. 
nificant (last) bit shifted Inta DR is in· 

15 TSx ternally latched and appears at this Time slat .output. This TTL campatible 
autput-SIGR will then remain valid apen·drain OfJtput pulses law during 
until changed during a subsequent the encader time slat. May be used ta 
receive signaling frame .or reset by a enable external TRI·STATE'" bus driv· 
pawer·dawn command. ers if highly capacitive laads must be 

7 NC Unused driven. Can be wire ANDed with ather 

8 DR Serial PCM data input ta the decader. 
TSx .outputs. 

During the decader time slat, PCM 16 Vec 5V (± 5%) input. 
data is shifted inta DR, mast signifi· 17 CLKR Master decader clack input used ta 
cant bit first, an the falling edge .of shift in the PCM data an DR and ta 
CLKR· .operate the decader sequencer. May 

9 PDN TTL .output level which gaes high when .operate at 1.536 MHz, 1.544 MHz .or 
the CODEC is in the pawer·dawn 2048 MHz. May be asynchranaus with 
made. May be used ta pawer·dawn CLKx .or CLKe . 

. ather circuits assaciated with the 
PCM channel. Can be wireANDed with 18 FSR Decader frame sync pulse. Narmally 
ather PDN .outputs. .occurring at an 8 kHz rate, this pulse is 

10 VFR Analag .output fram the decader. The naminally .one CLKR cycle wide. 
decader sample and hald amplifier is Extending the width .of FSR ta twa .or 
updated appraximately 15 ,..s after the mare cycles .of CLKR signifies a 
end .of the decade time slat. 

TRI-STATee Is a registered trad~mark of National Semiconductor Corp. 

receive signaling frame. 
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~ 
Description of Pin Functions (Continued) "U 

W 

TP3020 (Continued) TP3021 (Continued) 2 
52 

Pin No. Name Function Pin No. Name Function -I 
"U 

19 CLKx Master encoder clock input used to 9 VFR Analog ou'tput from the decoder. The W 
shift out the PCM data on Ox and to decoder sample and hold amplifier is 0 
operate the encoder sequencer. May updated approximately 15,.s after the N 
operate at 1.536 MHz, 1.544 MHz or end of the decode time slot. ...... 
2.048 M Hz. May be asynchronous with 10 NC Unused 
CLKR or CLKc. 11 NC Unused 

20 FSx Encoder frame sync pulse. Normally 12 GNDD Digital ground. All digital levels are 
occurring at an 8 kHz rate, this pulse is referenced to this pin. 
nominally one CLKx cycle wide. Ex· 

13 Ox Serial PCM TRI·STATE"'output from tending the width of FSx to two or 
the encoder. During the encoder time more cycles of CLKx signifies a 
slot, the PCM code for the previous transmit signaling frame. 
sample of Vl7x is shifted out, most 

21 SIGx Transmit signaling inp'ut. During a significant bit first, on the rising edge 
transmit signaling frame, the signal at ofCLKx· 
SIGx is shifted out of Ox in place of the 

14 TSx Time slot output. This TTL compatible 1 ___ & _=_ ... =-': .......... + 11 ...... +\ kit "f D~"II n~t~ 
n:a",~, .:.111::1''' .. .., ....... \,_ ... _, _ •• _ .• _". ___ ._ • • - <_ .... _ •• 1 __ - I ...... ...I .... ; ... ,.. 

OJ.II::lI-UlcUII vuLt""'u .. ..,UI"'~~ ................. ~ 
22 Vee - 5V (± 5%) input. the encoder time slot. May be used to 
23 Dc Serial control data input. Serial data enable external TRI·STATE'" bus 

on Dc is shifted into the CODEC on the drivers if highly capacitive loads must 
falling edge of CLKc. In the fixed time be driven. Can be wire AN Oed with 
slot mode, Dc doubles as a power· other TSx outputs. 
down input. 15 Vee 5V(±5%) input. 

24 CLKc Control clock input used to shift serial 16 CLKR Master decoder clock input used to 
control data into Dc. CLKc must pulse shift in the PCM data on DR and to 
8 times during a period of time less operate the decoder sequencer. May 
than or equal to one frame, time, operate at 1.536 MHz, 1.544 MHz or 
although the 8 pulses may overlap a 2.048 MHz. May be asynchronous with 

,frame boundary. CLKc need not be CLKx or CLKc. 
synchronous with CLKx or CLKR. 

17 FSR Decoder frame sync pulse. Normally Connecting CLKc continuously high 
occurring at an 8 kHz rate, this pulse is places the TP3020/TP3021 into the 
nominally one CLKR cycle wide. fixed time slot mode. 

18 CLKx Master encoder clock input used to 
TP3021 shift out the PCM data on Ox and to 
Pin No. Name Function operate the encoder sequencer. May 

1 NC Unused operate at 1.536 MHz 1.544 MHz, or 
2.048 MHz. May be asynchronous with 

2 NC Unused CLKR or CLKc. 
3 VFx Analog input to the encoder. This 19 FSx Encoder frame sync pulse. Normally 

signal will be sampled at the end of the occurring at an 8 kHz rate, this pulse is 
encoder time slot and the resulting nominally one CLKx cycle wide. 
PCM code will be shifted out during 

20 Vee -5V (±5%) input. the subsequent encode time slot. 
21 Dc Serial control data Input. Serial data 4 NC Unused 

on Dc is shifted into the CODEC on the 
5 GNDA Analog ground. All analog signals are falling edge of CLKc. In the fixed time 

referenced to this pin. slot mode, Dc doubles as a power· 
6 NC Unused down input. 
7 DR Serial PCM data input to the decoder. 22 CLKc Control clock input used to shift serial 

During the decoder, time slot, PCM control data into Dc. CLKc must pulse 
data is shifted into DR, most signifl· 8 times during a period of time less 
cant bit first, on the falling edge of than or equal to one fr~.me time, 
CLKR· although the 8 pulses may overlap a 

8 PDN Open drain output which turns off frame boundary. CLKc need nof be 
when the CODEC is in the power·down synchronous with CLKx or CLKR. 
mode. May be used to power·down Connecting CLKc, continuously high 
other circuits associated with the places, the TP3020/TP3021 into the 
PCM channel. Can be wire AN Oed with fixed time slot mode. 
other PDN outputs. 
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Functional Description 

Power·Up 

Upon application of power, Internal circuitry Initializes 
the CODEC and places It Into the power-down mode. No 
sequencing of 5V or - 5V Is required. In the power-down 
mode, all non-essentlal circuits are deactivated, the 
TRI-STATEI!) PCM data output Ox Is placed In the high Im
pedance state and the receive signaling output of the 
TP3020, SIGR, Is reset to logical zero. Once In the power
down mode, the method of activating the TP30201TP3021 
depends on the chosen mode of operation, time slot 
assignment or fixed time slot. 

Time Slot Assignment Mode 

The time slot assignment mode of operation Is selected 
by maintaining CLKe In a normally low state. The state of 
the CODEC Is updated by pulsing CLKe eight times 
within a period of 125,.s or less. The falling edge of each 
clock pulse shifts the data on the Dc Input Int.o the 
CO DEC. The first two control bits determine If the subse
quent control bits 63-88 are to specify the time slot for 
the encoder (81 = 0), the decoder (82 = 0) or both (81 and 
82 = 0) or If the CODEC is to be placed Into the power
down mode (81 and 82 = 1). The desired action will take 
place upon the occurrence of the second frame sync 
pulse following the first pulse of CLKc. Assigning a time 
slot to, either the encoder or decoder will automatically 
power-up the entire COOEC Circuit. The Ox output and DR 
Input, however, will be Inhibited for one additional frame 
to allow the analog circuitry time to stabilize. If separate 
time slots are to be assigned to the encoder and the 
decoder, the encoder time slot should be assigned first. 
This is necessary because up to four frames are required 
to assign both time slots separately, but only three 
frames arEi necessary to activate the Ox output. If the 
encode time slot has not been updated the PCM data will 
be outputted during the previously assigned time slot 
which may now be assigned to another CO DEC. 

Fixed Time Slot Mode 

There are several ways In which the TP3020/TP3021 may 
operate in the fixed time slot mode. The first and easiest 
method is to leave CLKe disconnected or to connect 
CLKe to Vee. In this situation, Dc behaves as a power
down input. When Dc goes low, both encode and decode 
time slots are set to one on the second subsequent frame 
sync pulse. Time slot one corresponds to the eight CLKx 
or CLKR cycles starting one cycle from the nominal 
leading edge of FSx or FSR respectively. As In the time 
slot assignment mode, the Ox output Is Inhibited for one 
additional frame after the circuit is powered up. A logical 
"1" on Dc powers the CODEC down on the second subse
quent FSx pulse. 

A second fixed time slot method Is to operate CLKc con
tinuously. Placing a "I" 01'1 Dc will then cause the serial 
control register to fill up with ones. With 81 and 82 equal 
to "I" the CODEC will power-down. Placing a "0" on Dc 
will cause the serial controi"reglster to fill up with zeroes, 
assigning time slot one to both the encoder and decoder 
and powering up the device. One Important restriction 
with this method of operation Is that the rising transition 
of Dc must occur at least 8 cycles of CLKc prior to FSx.lf 
this restriction is not followed, it is possible that on 
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the frame prior to power-down, the !mcoder could be as
Signed to an Incorrect time slot (e.g., 1, 3, 7, 15 or 31), 
resulting In a possible PCM bus conflict_ 

Serial Control Port 

When the TP3020ITP3021 is operated In the time slot 
assignment mode or the fixed time slot mode with 
continuous clock, the data on Dc Is shifted into the serial 
control register, bit 1 first. In the time slot assignment 
mode, depending on 81 and 82, the data In the RCV or 
XMT time slot registers Is updated at the second FSR or 
FSx pulse after the first CLKc pulse, or the CODEC is 
powered down. In the continuous clock fixed time slot 
mode, the CODEC is powered up or down at ellery second 
FSR or FSx pulse. The control register data is Interpreted 
as follows: 

Bl B2 Action 

0 0 Assign time slot to encoder and decoder 
0 1 Assign time slot to encoder 
1 0 Assign time slot to decoder 
1 1 Power-down CODEC 

B3 B4' 85 B6 B7 B8 Time Slot 

0 O· 0 0 0 0 1 
0 0 0 0 0 1 2 

0 0 0 0 1 0 3 
0 0 0 0 1 1 4 

1 1 1 1 1 0 63 
1 1 1 1 j 1 64 

. . . 
During the power-down command, bits 3 through 8 are Ig
nored. Note that with 64 possible time slot aSSignments 
It Is frequently possible to assign a time slot which does 
not exist. This can be useful to disable an encoder or 
decoder without powering down the CODEC. 

Signaling 

The TP3020 wlaw CODEC contains cirCUitry to Insert and 
extract signaling Information for the PCM data. The 
transmit Signaling frame is signified by widening the FSx 
pulse from one cycle of CLKx to two or more cycles. 

When this occurs, the data present on the SIGx input at 
the eighth clock pulse of the encode time slot is inserted 
Into the last bit of the PCM data stream. A receive signal
Ing frame is indicated in a similar fashion by widening 
the FSR pulse to two or more cycles of CLKR. 

During a receive signaling frame, the last PCM bit shifted 
in Is latched Into a flip-flop and appears at the SIGR out
put. This output will remain unchanged until the next 
signaling frame, until a power-down is executed or until 
power is removed from the device. Since the least signifi
cant bit of the PCM data is lost during a signaling frame, 
the decoder interprets the bit as a "1/2" (I.e., half way be
tween a "0" and a "1"). This minimizes the noise and dis-
tortion due to the signaling. . 



Functional Description (Continued) 

Encoding Delay 

The encoding process begins immediately at the end of 
the encode time slot and is concluded no later than 17 
time slots later. In normal applications, this PCM data is 
not shifted out until the next time slot 125 !,s later, 
resulting in an encoding delay of 125 !,s.ln some applica· 
tions it is possible to operate the CODEC at a higher 
frame rate to reduce this delay. With a 2.048 MHz clock, 
the FS rate could be increased to 15 kHz reducing the 
delay from 125 !'s to 67 !'s. 

Decoding Delay 

The decoding process begins immediately after the end 
of the decoder time slot. The output of the decoder 
sample and hold amplifier is updated 28 CLKR cycles 

Typical Application 

FROM SLIC VFXI+ 

VFXI-

GSx 
R3 

TO SLIC { 

TP3040 
PWRO-

PWRO+ 

PWRI 

VFRO 
R5 VBO VCC 

O.I!'F~ ~O.I!'F 

later. The decoding delay is therefore approximately 28 
clock cycles plus one half of a frame time or 81 !'s for a 
1.544 MHz system with an 8'kHz frame rate or 76!,s for a 
2.048 MHz system with an 8 kHz frame rate. Again, for 
some applications the frame rate could be increased to 
reduce this delay. 

Typical Application 

A typical application of the TP3020/TP3021 used in con
junction with the TP3040 PCM filter is shown. The values 
of resistor R1 and DC blocking capacitor C1, are non
critical. The capacitor value should exceed 0.1 !'F, R1 
should be less than 50 kll, and the product R1 x C1 
should exceed 4 ms. 

PON 

VFX TSX TSx 

Ox Ox 
CLKX CLKX 

TP30201 
FSx 

TP3021 
GNDA 

GNOD 
DR 

O'I!'F~ 

~---------------------+--"----~------5V 

~------------------------"---------r--~'--5V 

, (R3+R2) XMTgaln=20xlog R2 +3dB 

( R4' ) Rev gain = 20 x log R4 + R5 

'."~'." 

The power supply decoupllng capacitors should be 0,1 pF.ln order to take advantage of the excellent noise performance of the TP3020ITP30211TP3040, care 
must be taken In board layout to prevent coupling of digital noise Into the sensitive analog lines. 
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~National 
~ Semiconductor 

TP3040/TP3040A PCM Monolithic Filter 

General Description 
The TP3040/TP3040A filter is a monolithic circuit contain
ing both transmit and receive filters specifically designed 
for PCM COOEC filtering applications In 8 kHz sampled 
systems. 

The filter Is manufactured using double-poly silicon gate 
CMOS technology. Switched capacitor integrators are 
used to simulate classical LC ladder filters which exhibit 
low co~ponent sensitivity. 

TRANSMIT FILTER STAGE 

Features 
• Exceeds all 03/04 and CCITT specifications 
• + 5V, - 5V power supplies 
• Low power consumption: 

45 mW (60011 0 dBm load) 
30 mW (power amps disabled) 

• Powerdownmode: O.5mW 
• 20 dB gain adjust range 
• No external anti-aliasing components 
• Sin xIx correction in receive filter 
• 50/60 Hz rejection in transmit filter 
• TTL and CMOS compatible logic The transmit filter is a fifth order elliptic low pass filter in 

series with a fourth order Chebyshev high pass filter. It 
provides a flat response in the passband and rejection of 
signals below 200 Hz and above 3.4 kHz. 

• All inputs protected against static discharge due to 
handling 

RECEIVE FILTER STAGE 

The receive filter is a fifth order elliptic low pass filter 
designed to reconstruct the voice signal from the 
decodedldemultiplexed signal which, as a result of the 
sampling process, is a stair-step signal having the 
Inherent sin xix frequency response. The receive filter 
approximates the function required to compensate for the 
degraded frequency response and restore the flat pass
band response. 

Block and Connection Diagrams 

GS, 

r---
VFxl- 2 I 

VFxl+ 

14 
CLKO 

1Z 
PWRO- elK 

r-------- ---- ---, 
I I 

10 

PWRO+ VFR' 

13 

Vee VBB GNDD GNDA PON 

FIGURE 1 
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Dual-In-Line Package 

VFxl+ 1 

VFxl- 2 

. G~x 3 

VFRD 4 

PWRI 

PWRO+ 

PWAO

Vas 8 

TOP VIEW 

16 VF.O 

15 GNDA 

14 CLKO 

13 PDN 

12 elK. 

11 GNDD 

10 VFR' 

9 Vee 



Absolute Maximum Ratings' 
Supply Voltages ±7V 
Power Dissipation 1 WI Package 

Input Voltage ±7V 
Output Short·Circuit Duration Continuous 
Operating Temperature Range - 25'C to + 125'C 
Storage Temperature -65'Cto +150'C 

lead Temperature(Soldering, 10 seconds) 300'C 

DC Electrical Characteristics 
Unless otherwise noted, TA = O'C to 70'C, Vee = 5.0V ± 5%, Vss = - 5.0V ± 5%, clock frequency is 2.048 MHz. Typical 
parameters are specified at T A = 25'C, Vee = 5.0V, Vss = - 5.0V. Digital interface voltages measured with respect to digital 
ground, GNDD. Analog voltages measured with respect to analog ground, GNDA. 

Symbol Parameter Conditions Min Typ Max Units 

POWER DISSIPATION 

leeo Vce Standby Current PDN = Voo, Power Down Mode 50 100 /loA 

IBBO VSB Standby Current PDN = Voo, Power Down Mode 50 100 /loA 

ICCl Vec Operating Current PWRI = VSB, Power Amp Inactive 3.0 4.0 mA 

ISBl VBS Operating Current PWRI = V Be, Power Amp Inactive 3.0 4.0 mA 

lee2 Vce Operating Current Note 1 4.6 6.4 mA 

IBS2 VSB Operating Current Note 1 4.6 6.4 mA 

DIGITAL INTERFACE 

IINC Input Current, ClK VBSs VINs Vee -10 10 /loA 

IINP Input Current, PDN VSBSVINSVce ':"100 /loA 

IINO Input Current, ClKO VBBSVINSVee- 2V -10 -0.1 /loA , 
VIL Input low Voltage, ClK, PDN 0 ,0.8 V 

VIH Input High Voltage, ClK, PDN 2.2 Vee V 

- VILa Input low Voltage, ClKO Vss VBs+0.5 V 

Vila Input Intermediate Voltage, ClKO -0.8 0.8 V 

VIHO Input High Voltage, CLKO Vec- 0.5 Vee V 

TRANSMIT INPUT OP AMP 

IBxl Input leakage Current, VFxl VBBSVFxlsVee -100 100 nA 

Rlxl Input Resistance, VFxl VsssVFxl sVee 10 MO 

VOSxl Input Offset Voltage, VFxl -2.5VsVIN S +2.5V -20 20 mV 

VeM Common-Mode Range, VFxl -2.5 ,2.5 V 

CMRR Common-Mode Rejection Ratio -2.5VsVIN s2.5V 60 dB 

PSRR Power Supply Rejection of Vee 60 dB 
orVSB 

ROL Open loop Output Resistance, 1 kO 
GSx 

RL Minimum load Resistance, GSx 10 k{l 

CL Maximum load Capacitance, GSx 25 pF 

VOxl Output Volt!lge Swing, GSx RL2: 10k ±2.5 V 

AVOL Open loop Voltage Gain, GSx RL2: 10k 5,000 V/V 

Fe Open loop Unity Gain Bandwidth, 2 MHz 
GSx 
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AC Electrical Characteristics 
Unless otherwise specified, T A = 25·C. All parameters are specified for a signal level of 0 dBmO at 1 kHz. The 0 dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 

Symbol Parameter Conditions Min Typ Max Units 

TRANSMIT FILTER (Transmit filter input op amp set to the non· Inverting unity gain mode, with VF xl = 1.1 Vrms unless other· 
wise noted.) 

Rlx Minimum load Resistance, VFxO 10 kl) 

Clx Load Capacitance, VFxO 25 pF 

ROx Output Resistance, VFxO 1 3 I) 

PSRR1 Vee Power Supply Rejection, VFxO f=1 kHz,'VFxl+ =OVrms 30 dB 

PSRR2 Vee Power Supply Rejection, VFxO Same as Above 35 dB 

GAx Absolute Gain f = 1 kHz (TP3040A) 2.9 3.0 3.1 dB 
f = 1 kHz (TP3040) 2.875 3.0 3.125 ' dB 

" 

GR. Gain Relative, to GAx Below 50 Hz -35 dB 
50 Hz -41 -35 dB 
60Hz -35 -30 dB 
200 Hz (TP3040A) -1.5 0 dB 
200 Hz (TP3040) -1.5 0.05 dB 
300 Hz to 3 kHz (TP3040A) -0.125 0.125 dB 
300 Hz to 3 kHz (TP3040) -0.15 0.15 dB 
3.3 kHz -0.35 0.03 dB 
3.4 kHz -0.70 -0.1 dB 
4.0 kHz -15 -14 dB 
4.6 kHz and Above -32 dB 

DAx Absolute Delay at 1 kHz \ 230 p's 

DDx Differential Envelope Delay from 60 p's , 

1 kHz to 2.6 kHz 

DPx1 Single Frequency Distortion -48 dB 
Products 

DPx2 Distortion at Maximum Signal 0.16 Vrms, 1 kHz Signal Applied to -45 dB 
level VFxl +, Gain = 20 dB, RL = 10k' 

NCx1 Total C Message Noise at VFxO 2 5 dBrncO 

NCx2 Total C Message Noise at VFxO Gain Setting Op Amp at 20 dB, 3 6 dBrncO 
Non·lnverting, Note 3 
TA=0·Ct070·C 

I 

GAxT Temperature Coefficient of 0.0004 <lB/·C 
1 kHz Gain 

GAxS Supply Voltage Coefficient of Vee=5.0V±5% 0.Q1 dBN 
1 kHz Gain Vee;" -5.0V±5% 

CTRX Crosstalk, Receive to Transmit Receive Filter Output = 2.2 Vrms -70 dB 
VFO VFxl + = 0 Vrms, f = 0.2 kHz to 3.4 kHz 20 log _x_ 
VFRO Measure VFxO 

GRxl Gaintracking Relative to GAx Output level = + 3 dBmO -0.1 0.1 dB 
0 + 2 dBmO to - 40 dBmO -0.05 0.05 dB 

- 40 dBmO to - 55 dBmO -0.1 0.1 dB 

.. 
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AC Electrical Characteristics (Continued) 
Unless otherwise specified, T A = 25"C. All parameters are specified for a signallevei of 0 dBmO at 1 kHz. The 0 dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 

Symbol Parameter Conditions Min Typ Max Units 

RECEIVE FILTER(Unless otherwise noted, the receive filter is preceded by a sin xix filter with an Input slgnallevelof1.6 Vrms.) 

IBR Input Leakage Current, VFRI -3.2V sV1N s3.2V -100 100 nA 

RIR Input Resistance, VFRI 10 MO 

ROR Output Resistance, VFRO 1 3 0 

CLR Load Capacitance, VFRO 25 pF 

RLR Load Resistance, VFRO 10 kO 

PSRR3 Power Supply Rejection of Vee or VFRI Connected to GNDA 35 dB 
VBB, VFRO f= 1 kHz 

VOSRO Output DC Offset, VFRO VFRI Connected to GNDA -200 200 mV 

GAR Absolute Gain f = 1 kHz (TP3040A) -0.1 0 0.1 dB 
f = 1 kHz (TP3040) -0.125 0 0.125 dB 

GRR Gain Relative to Gain at 1 KHZ Ijelow;)uu nz !:I.~25 d!3 
300 Hz to 3.0 kHz (TP3040A) -0.125 0.125 dB 
300 Hz to 3.0 kHz (TP3040) -0.15 0.15 dB 
3.3 kHz -0.35 0.03 dB 
3.4 kHz -0.7 -0.1 dB 
4.0 kHz -14 dB 
4.6 kHz and Above -32 dB 

DAR Absolute Delay at 1 kHz 100 itS 

DDR Differential Envelope Delay 1 kHz 100 itS 
to 2.6 kHz 

DPR1 Single Frequency Distortion f= 1 kHz -48 dB 
Products 

DPR2 Distortion at Maximum Signal 2.2 Vrms Input to Sin x/x Filter, -45 dB 
Level f= 1 kHz, RL= 10k 

NCR Total C-Message Noise at VFRO 3 5 dBrncO 

GART Temperature Coefficient of 1 kHz 0.0004 dB/DC 
Gain 

GARS Supply Voltage Coefficient of '. 0.01 dBN 
1 kHiGain 

CTXR Crosstalk, Transmit to Receive Transmit Filter Output = 2.2 Vrms -70 dB 
VF 0 VFRI = 0 Vrms, f = 0.3 kHz to 3.4 kHz 

20iog-R-
VFxO MeasureVF~ 

GRRL Gaintracking Relative to GAR Output Level = + 3 dBmO -0.1 0.1 dB 
+ 2 dBmO to - 40 dBmO -0.05 0.05 dB 
- 40 dBmO to - 55 dBmO -0.1 0.1 dB 
Note 5 
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AC Electrical Characteristics (Continued) 

Unless otherwise specified, T A = 25°C. All parameters are specified for a signal level of 0 'dBmO at 1 kHz. The 0 dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 

Symbol Parameter 'Conditions Min Typ Max Units 

RECEIVE OUTPUT POWER AMPLIFIER 

IBP Input Leakage Current, PWRI -3.2VsV ,N s3.2V 0.1 3 {LA 

RIP Input Resistance, PWRI 10 MO 

ROPl Output Resistance, PWRO +, Amplifiers Active 1 0 
PWRO-

CLP Load Capacitance, PWRO+, 500 pF 
PWRO-

GAp+ Gain, PWRI to PWRO + RL = 6000 Connected Between 1, VIV 

GAp- Gain, PWRI to PWRO- PWRO + and PWRO - , ,Input -1 VIV 
Level'=O dBmO (Note 4) 

GRpL Gaintracking Relative to 0 dBmO V = 2.05 Vrms, RL = 6000 (Notes 4, 5) , -0.1 0.1 dB 
Output Level V = 1.75 Vrms, RL = 3000 -0,1 0.1 dB 

S/Dp Signal/Distortion V = 2.05 Vrms, RL = 6000 (Notes 4, 5) -45 dB 
V = 1.7,5 Vrms, RL = 3000 -45 dB 

VOSP Output DC Offset, PWRO +, PWRI Connected to GNDA -50 50 mV 
PWRO-

PSRR5 Power Supply Rejection of Vee PWRI Connected to GNDA 45 dB 
or Vss 

Note 1: Maximum power consumption will depend on the load impedance connected to the power amplifier. The specification listed assumes 0 dBm is 
delivered to 6000 connected from PWRO + to PWRO -, 

Note 2: Voltage Input to receive filter at OV, VFRO connected to PWRI, 600D from PWRO + to PWRO -. Output measured from PWRO + to PWRO-, 

Note 3: The 0 dSmO level for the filter is assumed to be 1,54 Vrms measured at the output of the XMT or ReV filter, 

Note 4: The 0 dSmO level for the power amplifiers is load dependent. For RL =600D to GNDA, the 0 dSmO level is 1.43 Vrms measured at the amplifier output. 
J;or RL = 300D the 0 dSmO level is 1,22 Vrms, 

Note 5: VFRO conne,cted to PWRI. input signal applied to VFRI. 

Typical Application 
R2 Rl 

... -----------, -= GNDA 
INTERFACE CIRCUIT 1 1: I 

TRANSFORMERS I - 2 3 

: 1 I"V-F-,-,+--:V~FJ.;X';"-----::G~S';""---, -V-F,""O ~-rTF 3, VF, 

I lOOk 

GNDA : 
t..... __ -I ' "* I TP3040ITPJ040A ';r" GNOA 

600 

600 

11 

~IIII~~RS: PWRD-

~llf 600 16 
'-+-...J,W~,"-,~ PWRO+ 

i 

13 
PDN I+--------IPDN 

~ 600 

L ___________ .J 
R4 

-:!- GNDA 

Notel: Transmit voltage gain = Rl;2 R2 x"; 2 (The filter itse" introducesa3dS gain),(RI + R2;" 10k) 

Note 2: Receive gain = R3 ~4 R4 

(R3 + R4;,,10k) 

TP3020 

D~PCM x-- OUT 

D ~PCM 
R~IN 

Nota 3: In the configuration shown, the receive filter power amplifiers will drive a 6000 T to A termination to a maximum signal level ota.5 dBm. An alternative 
arrangement, using a transformer winding ratio equivalent to 1.414:1 and 3000 resistor. RS. will provide a maximum signal level of 10.1 d8m across a 6000 
termination Impedance. 

FIGURE 2 
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Description of Pin Functions 

Pin 
No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Name Function 

VFxl + The non·lnverting input to 
the transmit filter stage. 

PWRI 

PWRO+ 

PWRO-

Vee 

Vee 

The inverting input to the 
transmit filter stage. 
The output used for gain 
adjustments of the transmit 
filter. 
The low power receive filter 
output. This pin can directly 
drive the receive port of an 
elect~onic hybrid. 
The Input to the receive filter 
differential power amplifier. 
The non-inverting output of 
the receive filter power 
amplifier. This output can 
directly interface conven
tional transformer hybrids. 
The inverting output of the 
receive filter power amplifier. 
This output can be used with 
PWRO + to differentially 
drive a transformer hybrid. 

. The negative power supply 
pin. Recommended Input is 
-5V. 

The positive power supply 
pin. The recommended input 
Is5V. 
The Input pin for the receive 
filter stage. 

Typical Performance Characteristics 

Transmit Flltar Stage 

10 
FREQUENCY (kHz) 
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Pin 
No. 

11 

12 

13 

14 

15 

16 

10 

-10 

; -20 
~ 

g -30 ... 
ii! -40 

:1i -50 

-60 

-70 

Name 

GNDD 

ClK 

PDN 

ClKO 

GNDA 

Function 

Digital ground Input pin. All 
digital signals are refer
enced to this pin. 

Master Input clock. Input fre
quency can be selected as 
2.048 MHz, 1.544 MHz or 
1.536 MHz. 

The input pin used to power 
down the TP3040/TP3040A 
during Idle periods. logic 1 
(Vecllnput voltage causes a 
power down condition. An In· 
ternal pull-up is provided. 

This input pin selects in
ternal counters in accord
ance with the ClK input 
clock frequency: 

ClK Connect ClKO to: 

2048 kHz 
1544 kHZ 
1536 kHz 
An Internal 
provided. 

Vee 
GNDD 

Vee 
pull-up is 

Analog ground input pin. All 
analog signals are refer
enced to this pin. Not inter
nally connected to GNDD. 

The output of the transmit 
filter stage. 

Receive Filter Staga 

I 1111111 ..dd FIL TER 

I-- FUEl1.llI1!XlXr 

SIN J,x 

.1 
X= 

180010 

0.1 10 
FREQUENCY (kHz) 



Functional Description 
The TP3040/TP3040A monolithic filter contains four main 
sections; Transmit Filter, Receive Filter, Receive Filter 
Power Amplifier, and Frequency DlvlderlSelect logic 
(FIgure 1). A brief description of the circuit operation for 
each section Is provided below. 

Transmit Filter 

The input stage of the tranllmit filter Is a CMOS opera· 
tlonal amplifier which provides an input resistance of 
greater than 10 MO, a voltage gain of greater than 10,000, 
low power consumption (less than 3 mW), high power sup
ply rejection, and Is capable of driving a 10 kO load in paral· 
lei with up to 25 pF. The inputs and output of the amplifier 
are accessible for added flexibility. Non·inverting mode, 
inverting mode, or differential amplifier mode operation 
can be implemented with external resistors. It can also be 
connected to provide a gain of up to 20 dB without 
degrading the overall filter performance. 

The input stage Is followed by a prefilter whic'h Is a two· 
pole RC active low pass filter designed to attenuate high 
frequency noise before the input Signal enters the 
switched·capacitor high pass and low pass filters. 

A high pass filter is provided to reject 200 Hz or lower noise 
which may exist In the signal path. The low pass portion of 
the switched·capacltor filter provides stopband attenua· 
tion which exceeds the 03 and D4 specifications as well 
as the CCITI G712 recommendations. 

The output stage of the transmit filter, the postfllter, Is 
also a two-pole RC active low pass filter which attenuates 
clock frequency noise by at least 40 dB. The output of the 
transmit filter is capable of driving a ± 3.2V peak to peak 
signal Into a 10 kO load in parallel with up to 25 pF. 

Receive Filter 

The input stage of the receive filter Is a prefilter which is 
similar to the transmit prefilter. The prefilter attenuates 
high frequency noise that may be present on the receive 
Input signal. A switched capacitor low pass filter follows 
the prefilter to provide the necessary passband flatness, 
stopband rejection and sin xix gain correction. A postfllter 
which is similar to the transmit postfllter follows the low 
pass stage. It attenuates clock frequency noise and pra
vides a low output impedance capable of directly driving 
an electronic subscrlber·line-interface circuit. 

Receive Filter Power Amplifiers 

Two power amplifiers are also provided to interface to 
transformer coupled line circuits. These two amplifiers 
are driven by the output of the receive postfilter through 
gain setting resistors, R3, R4 (Figure 2). The power 
amplifiers can be deactivated, when not required, by con· 
necting the power amplifier Input (pin 5) to the negative 
power supply VBII- This reduces the total filter power con· 
sumption by approximately 10 mW-20 mW depending on 
output signal amplitude. ' 
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Power Down Control 

A power down mode Is also provided. A logic 1 power down 
command applied on the PDN pin (pin 13) will reduce the 
total filter power consumption to less than 1 mW and 
clamp the power amplifier outputs to VBII- Connect PDN to 
GNDD for normal ,operation. 

Frequency DIvider and Select LogIc CIrcuIt 

This circuit divides the external clock frequency down to 
the switching frequency of the low pass and high pass 
switched capacitor filters. The divider also contains a 
TIL - CMOS Interface circuit which converts the external 
TIL clock level to the CMOS logic level required for the 
divider logiC. This interface circuit can also be directly 
driven by CMOS logic. A frequency select circuit is provid· 
ed to allow the filter to operate with 2.048 MHz, 1.544 MHz 
or 1.536 MHz clock frequencies. By connecting the fre
quency select pin CLKO (pin 14) to Vce, a 2.048 MHz clock 
Input frequency is selected. Digital ground selects 1.544 
MHz and VBB selects 1.536 MHz. 

Applications Information 

Gain Adjust 

Figure 2 shows the signal path Interconnections between 
the TP3040/TP3040A and the TP3020 single-channel 
CODEC. The transmit RC coupling components have been 
chosen both for minimum passband droop and to present 
the correct Impedance to the CODEC during sampling. 

Optimum noise and distortion performance wil! be ob
tained from the TP3040/TP3040A filter when operated with 
system peak overload voltages of ± 2.5V to ± 3.2V at VFxO 
and VFRO. When interfacing to a PCM CODEC with a peak 
overload voltage outside this range, further gain or at· 
tenuation may be required. 

For example, the TP3040/TP3040A filter can be used with 
the TP3000 'series CODEC'which has a 5.5V peak overload 
voltage. A gain stage following the transmit filter output 
and an attenuation stage following the CODEC output are 
required. 

Board Layout 

Care must be taken in PCB layouf.to minimize power sup
ply and ground noise. Analog ground (GNDA) of each filter 
should be connected to digital ground (GNDD) at a single 
pOint, which should be bypassed to both power supplies. 
Further power supply decoupling adjacent to each filter 
and CODEC is recommended. Ground loops should be 
avoided, both between GNpA and GNDD and between the 
GNDA traces of adjacent filters and CODECs. 



~National 
~ Semiconductor 

PRELIMINARY 

TP3051, TP3056 Monolithic Parallel Interface 
CODEC/Filter Family 

General Description 
The TP3051, TP3056 family consists of a ~-Iaw and A-law 
monolithic PCM CODEClfilter set utilizing a common AID 
and D/A conversion architecture, as shown in Figure 1, 
"nri" IIni,,!'''' rarallell/O logic interface_ 

The encode portion of each device consists of an input 
gain adjust amplifier, an active RC pre-filter which 
eliminates very high frequency noise prior to entering a 
switched-capacitor band-pass filter that rejects signals 
below 200 Hz or above 3400 Hz_ Also included are auto
zero circuitry and a companding coder which samples the 
filtered signal and encodes it in the companded wlaw or 
A-law PCM format. The decode portion of each device con
sists of an expanding decoder, which reconstructs the 
analog signal from the companded wlaw or A-law code, a 
low-pass filter which corrects for the sin x/x response of 
the decoder output and rejects signals above 3400 Hz_ 

The TP3051 wlaw and TP3056 A-law devices are pin com
patible parallel interface CODEClfilters intended to be 
used in conjunction with the TP3100 family of Digital Line 

Connection Diagram 

Interface Controllers (DUG) in switching system applica
tions_ All control, clock and signal information is commu
nicated between the DUC controller and up to 32 TP3051 
or TP3056 devices via an eight bit I/O port and three can
trollines_ 

Features 
• Complete CODEC and filtering system including: 

-Transmit high-pass and low-pass filtering 
-Receive low-pass filter with sin x/x correction 
-Active RC noise filters 
-wlaw or A-law compatible COder and DECoder 
-Internal precision voltage reference 
-Parallel I/O and control interface 

• Meets or exceeds all D3/D4 and CCITT specifications 

• ± 5V operation 
• Maximizes line interface card circuit density 
• Low operating power-typically 50 mW 
• Power-down standby mode-typically 1 mW 

Dual-In-Line Package 

Vaa ...!. U ~VFJ(I+ 

GNoA..! ~VFxl-

VFRo .2. tl!- GSx 

Vee..! 
17 
-Vee 

CS..!. .1!. PCM CNTl 

o7..!. .!! ClK 

06..2 ~OO 

o5...!!. .!,! 01 

o4'~ E. 02 

GNool!!. r!!- 03 

TOP VIEW 
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· Block Diagram 

R2 

ANA~~+4~R"'J3"""+-___ -I 

84 

FRAME 
TlMINr,. 

CONTROllER 
CONTROL 

Lt-r-t-R--------__ 
Voo Voo Vu ~ CS 8/W 

GND 

FIGURE 1 
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~National 
~ Semiconductor 

TP3052, TP3053, TP3054, TP3057 Monolithic Serial Interface 
CODEC/Filter Family 

General Description 
The TP3052, TP3053, TP3054, TP3057 family consists of 
~-Iaw and A-law monolithic PCM COOEC/filters utilizing 
the AID and 01 A conversion architecture, shown in Figure 1, 
and a serial PCM iriterface. 

The encode portion of each device consists of an input 
gain adjUst amplliler, an C:tt;iivt: nC .,II·e-~;:t~i ·II·":-;;~:-; 

eliminates very high frequency noise prior to entering a 
switched-capacitor band-pass filter that rejects signals 
below 200 Hz or above 3400 Hz. Also included are auto
zero circuitry and a companding coder which samples the 
filtered signal and encodes it in the companded wlaw or 
A-law PCM format. The decode portion of each device con
sists of an expanding decoder, which reconstructs the 
analog signal from the companded wlaw or A-law code, a 
low-pass filter which corrects for the sin xix response of 
the decoder output and rejects signals above 3400 Hz. The 
devices require two 1.536/1.544 MHz or 2.048 M Hz transmit 
and receive master clocks, which may be asynchronous, 
transmit and receive bit clocks, which are synchronous 
with the master clocks but may vary from 64 kHz to 
2.048 MHz, and transmit and receive frame sync pulses. 
The timing of the frame sync pulses and PCM data Is com
patible with both industry standard formats. 

Connection Diagrams 

Features 
• Complete COOEC and filtering system including: 

-Transmit high-pass and low-pass filtering 
-Receive low-pass filter with sin xix correction 
-Active RC noise filters 
-wlaw or A-law compatible COder and DECoder 
-Internal precision voltage reference 
-Serial I/U Interface 

• wlaw with signaling, TP3020 (2910) timing-TP3052 

• ,,-law with signaling, TP5116A, TP5117 A timing-TP3053 

• wlaw without signaling, 16-pin-TP3054 

• A-law, 16-pin-TP3057 

• Meets or exceeds all 03/04 and CCITT specifications 

• ± 5V operation 
• Maximizes line interface card circuit density 

• Low operating power-typically 50 mW 

• Power-down standby mode-typically 1 mW 

Dual-In-Line Package Dual-in-Line Package Duai-in-Line Package 

1 1B VfJ(l+ 
VBB 

VBB VBB 

GNDA GNDA 2 17 VfJ(l- GNOA 19 VFXI-

VrnD VrnD 3 VFRO 1B GSx 

Vee Vee 
4 

17 GNOO TP3054 Vee 
FSR 

TP3057 FSR 5 TP3052 
16 FSx 

DR DR 6 FSR 

BCLKR! 7 BCLKA! 7 TP3053 15 Ox 
CLKSEL CLKSEL DR 

MCLKA! MCLKx MCLKA! B BCLKA! 7 14 BCLKx PUN PON 9 CLKSEL 
SIGR 

MClKA! 8 13 MCLKx TOP VIEW 
PUN 

TOP VIEW SfR 12 SFx 

SIGa 10 11 SIG)( 

TOP VIEW 
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~BIOCk Diagram. 

a.. 
I-

l a.. 
l-

i a.. 
I-

~ a.. 
I-

R2 

ANAU:: _IIIR,,1 ,....._-1 

R4 I 
I 
I 
I 
I 
I 
I 

I 
SIGNALING {XMT i 

CLKS RCV -t---+I SI~N~~G· 
XMT S G _+-i __ ~ CONTROL 

" 9!T I 'I (TP3052 ONLYI 
RCV SIG BIT.~-fl----I: 

I 
I 
I I 5V '-5V GNO 

. L4--l--l~f---- =:~~~~:: 
Vou Vas A 0 XMT RCV 
~ ~ 

GND MASTER 
CLKS 

FIGURE 1 
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~National . 
~ Semiconductor 

PRELIMINARY 

TP3110, TP3120 Digital Line Interface Controllers (DLlC) 

General Description 
The TP311O, TP3120 Digital Line Interface Controllers 
(DUC) are general purpose switching components primar
Ily intended to serve as controllers of subscriber line, serv
Ice and trunk circuit cards of a digital switching system. 
They are also useful as general purpose data controllers 
for data switching and multiplexing applications. 

The DLIC performs a three-way ,control function when 
used for digital switching applications. The block diagram 
(Figure 1) displays this tri-port arrangement. First, the 
DUC controls the space and time switching function be
tween subscriber line PCM CODECs and filters and the 
::; .. · .. :!::h:::; :~'::!~!':": !!~e ~!'.'!~j~!,,! !'!'!~!~!r.'!'?x (Tf'lM) highwAy~. 
Second, the DLIC controls the flow of information be
tween the per line circuit devices and the line card's local 
processor. Last, it performs all protocol control functions, 
using the HDLC protocol format, for information passing 
between the local line card processor and the main switch· 
ing system processor (or any other system processor). 

The DUC contains a time-slot memory malJ for up to 128 
duplex TOM channels, four high speed serial port trans
ceivers, interface logic to allow the local processor to 
communicate with the per line circuit devices (combina
tion CODEClfilter circuits and the SUC), a complete HDLC 
protocol controller for system control messages, a vec
tored interrupt controller for the HDLC protocol, signaling 
and timing control and finally, a buffer memory for per line 
signaling data. 

Features 
• A compieie inlt:nii1lit$\.OuIILluilt:Jl- iUI· u~ iu:.2 ou~;;~j;::;':j::; 

of a digital switching system 

• Performs all time division multiplex (TOM) channel 
aSSignments for the circuit card it controls 

• Provides two (TP3110) or four (TP3120) full duplex serial 
TOM highways for the system interface 

• Performs the first stage space and time switching func
tion to minimize hardware requirements and switching 
delay 

• Assignable addressing plus a "broadcast" address 
allows up to 255 controllers per subsystem control 
group without address field overlap 

• System control uses the HDLC protocol with all zero In
sertion/deletion, checksum and flag control functions 

The DLIC Is configured with a parallel interface for the per 
line and local processor circuits and with full duplex mul
tiple port serial highways for the system interface. All 
system related communications with the DLIC controlled 
circuit card are handled via channel aSSignments on the 
serial TOM interface. In this way, all system data com
munications, subscriber PCM, data, signaling and system 
control information are'transported and switched with a 
Single network. This approach improves the overall flex
ibility and modularity of the total system design. 

, performed by the DUC 

Block Diagram 

MICRIIPRDCESSDR 

FIGURE 1. DLie Signal Flows 

'. Single 5V power supply operation 

Connection Diagrams 
Dual-ln·Llne Package Dual-In-Line Package 

~SWlTCtIING 
NE1WQAl 

)-
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~National 
~ Semiconductor 

PRELIMINARY 

TP5087/TP5087 A, TP5092/TP5092A, TP5094/TP5094A 
DTMF (TOUCH-TONE®) Generators 

General Description 
The TP5087, TP5092 and TP5094 are low threshold voltage, 
field·implanted, metal gate CMOS Integrated circuits. The 
devices interface directly to a standard telephone keypad 
and generate all dual tone multi·frequency pairs requirec! 
in tone-dialing systems. The tone synthesizers are locked 
to an on·chip reference oscillator using im inexpensive 
3.579545 MHz crystal for high tone accuracy. The crystal 
and an output load resistor are the only external com· 
ponents required for tone generation. A MUTE OUT logic 
signal, which changes state when any key is depressed, is 
also provided. 

Block Diagram 

Features 
• 2.5V-15V operation when generating tones (TP5087A, 

TP509?A, TP5094A) 

• 2V operation of keyscan and MUTE logic 
• Powered directly from telephone line 
• Interfaces with standard single-contact or' 2·of-8 

telephone keypa,d 

• Static sensing of key closures 
• On·chlp 3.579545 MHz crystal·controlled oscillator 
• On·chip regulation of tone amplitudes 
• High group and low group tones'generated and mixed 

internally 

• High group pre·emphasis 
• Low harmonic distortion 
• Open emltter·follower low·impedance output 

• SINGLE TONE INHIBIT pin 

TONE 

r--------..,.----Dl ... r + I 
PROGRAMMABLE 

DiVIDER ' 

C1 
C2 

C3 
C4 KEY 

SCAN 
AND 

1 2 3 A R1 DECODE TONE OUTPUT 
4 5 6 B R2 
7 8 C R3 

* D # 0 R4 

Vss 

FIGURE 1. TP5087 Family 
TOUCH·TONE<&>Is a registered trademark of Bell Telephone. 
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Absolute Maximum Ratings 
SupplyVoltage(Voo - Vss) 15V 
Maximum Voltage at Any Pin Voo + 0.3Vto Vss - 0.3V 
Operating Temperature -30·Cto + 70·C .. 
Storage Temperature -55·Cto +150·C 
Maximum Power Dissipation 500mW 

Electrical Characteristics TA within operating temperature range, 2.5V <Voo< 10V unless otherwise stated. 

Parameter I Conditions I Min I Typ I Max I Units 

TP5087,TP5092,TP5094 

Minimum Supply Voltage Swing, Voo (min) Generating Tones 3.5 V 

O~!~!.!! .It..r!"!plj!I~!fjel3 RL =240{J 
Low Group Voo =3.8V 430 mVrms 

Voo= 10V 480 mVrms 
High Group Voo =3.8V 580 mVrms 

Voo=10V 650 mVrms 

Mean Output DC ,offset Vo =3.BV 2 V 
Voo=10V 4.2 

; 
V 

TP5087A,TP5092A,TP5094A 

Minimum Supply Voltage Swing, Voo (min) Generating Tones 2.5 V 

Output Amplitudes RL =100{J 
Low Group Voo =2.5V 170 mVrms 

Voo=10V 190 mVrms 
High Group Voo =2.5V 230 mVrms 

Voo= 10V 255 mVrms 

Mean Output DC Offset Voo =2.5V 0.7 V 
Voo=10V 2.5 V 

ALL PARTS 

Minimum Supply Voltage for Keyscan 2 V 
and MUTE Logic Functions 

Operating Current 
Idle RL =10 k{J 20 pA 

Generating Tones Voo=5V 2 mA 

Input Pull·Up Resistors 
COLUMN and ROW (Pull· Down) 40 k{J 
SINGLE TONE INHIBIT 50 k{J 
TONE DISABLE 50 k{J 

MUTE OUT Sink Current Voo=3V 0.5 mA 
(COLUMN and ROW Inactive) Vo=0.5V 

MUTE OUT Source Current Voo=3V 0.5 mA 
(COLUMN and ROW Active) Vo=2.5V 

High Group Pre·Emphasis 2.4 2.7 3.0 dB 

Dual Tone/Total Harmonic Distortion Ratio 1 MHz Bandwidth 22 dB 

Start·Up Time (to 90% Amplitude) 5 ms 

.. 
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Connection Diagram 

Dual·ln·Llne Package 

Pin Descriptions 

VoD..l 
TONE DISABLE 2 

(XMT SW ON TP50871 AI"';" 
COL 12. 

COL2..! 

COL3.! 

Vss...! 

OSCIN2-
. 8 

OSCOUT--

VDD (Pin 1): This is positive voltage supply to the device, 
referenced to Vss. The collectors of the TONE OUT, and 
XMT SW transistors are also connected to this pin. 

Vss (Pin 6): This is the negative voltage supply. 

OSCILLATOR (Pins 7 and 8): All tone generation timing Is 
derived from the on-chip oscillator circulI. A low·cost 
3.579545 MHz A-cut crystal (NTSC TV color-burst) 15 
needed between pins 7 and 8. Load capacitors and a feed
back resistor are Included on-chip for good start-up and 
stability. The oscillator stops when both COLUMN inputs 
and ROW Inputs are sensed sequentially with no valid In
put having been detected. The oscillator is also stopped 
when the TONE DISABLE input 15 pulled to logic low. 

ROWand COLUMN Inputs (Pins 3, 4, 5, 9, 11, 12, 13, 14): 
When no key is pushed, pull-up resistors are active on 
COLUMN Inputs and pull-down resistors are active on 
ROW inputs. Column latches are ON and ready to store 
column key closures, After a key Is pushed, the row pull
down resistors cause a negative-true on COLUMN inputs 
which starts the oscillator and initiates tone generation. 
Negative-true logic signals simulating key closures can 
also be used. 

TONE DISABLE Input (Pin 2): The TONE DISABLE Input 
has an Internal pull-up resistor. When this input is open or 
at logic high, the normal tone output mode will occur. 
When TONE DISABLE input Is at logiC low, the device will 
be in the Inactive mode, tone output will be at an open cir· 
cult state. With mask option, TONE DISABLE input can 
either Inhibit or not inhibit the MUTE function. 

XMT SW Output (Pin 2 of TP5087/A only): With no key in
puts, this output is pulled high by the open emitter of an 
NPN transistor. Any key entry turns off this transistor by 
pulling its base to Vss. 

MUTE Output (Pin fo): The MUTE output is a conventional 
CMOS output that sinks current to Vss with no valid input 
and sources current from Voo when a valid key input Is 
sensed. The MUTE output will switch regardless of,the 
state of the SINGLE TONE INHIBIT input. 

v 

TOP VIEW 
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~TONEOUT 
~SINGLE TONE INHIBIT 

~ROW1 
13 
r-ROW2 
12 ' 
~ROW3 

~ROW4 
r2!!.MUTEOUT 

!..COL4 

SINGLE TONE INHIBIT Input (Pin 15): The SINGLE TONE 
'iNHiBii' input is used to Inhibit the generation of other 
than valid tone pairs due to multiple row-column closures. 
It hasa pull-up resistor to Voo, and when left open ortiedto 
Voo, single or dual tones may be generated in accordance 
with Table II. When forced to Vss, any input situation that 
would normally result in a single tone will now result In no 
tone, with all other chip. functions operating normally •. 

TONE OUT (Pin 16): This output is the open emitter of an 
NPN transistor, the collector of which is connected to V DO, 
When an external load resistor is connected from TONE 
OUT to Vss. the output voltage on this pin is the sum of the 
high and low group sine·waves superimposed on a DC off
set. When not generating tones, this output transistor is 
turned OFF to minimize the device Idle current. 

Adjustment of the amittei load n:;sistor resuiis in variation 
of the mean DC current during tone generation, the sine
wave Signal current through the output transistor, and the 
output distortion. Increasing values of load resistance 
decrease both the signal current and distortion, while in· 
creasing the source Impedance of the device as seen from 
its power supply terminals. Note that the DTMF generator 
is a current source which modulates its own supply ter
minals in a conventional telephone application. 

Functional Description 
With nO,key inputs to the device the oscillator Is Inhibited, 
the output transistor is pulled OFF and device current con· 
sumptlon is reduced to a minimum, Key closures are 
sensed statically to ensure no modulation of the line when 
tones are not being generated, A valid key closure ac· 
tlvates the MUTE output, starts the oscillator and sets the 
high group and low group programmable counters to the 
appropriate divide ratio. These counters sequence two 
ratioed-capacltor D/A converters through a series of 28 
equal duration steps per sine-wave cycle. On·chip regu· 
lators ensure good stability of tone amplitudes with varia
tions in supply voltage and temperature, The two tones are 
summed by a mixer amplifier, with pre·emphasls applied 
to the high group tone. The output is an NPN emitter· 
f0110wer requiring the addition of an external load resistor 
to Vss. This resistor facilitates adjustment of the signal 
current flowing from Voo through the output transistor . . 



I 

I 

TABLE I. OUTPUT FREQUENCY ACCURACY 

Tone Valid Standard Tone Output % Deviation 

,1 Group Input DTMF(Hz) Frequency from Standard 

Low R1 697 694.8 -0.32 
Group R2 770 770.1 +0.02 

fL R3 852 852.4 +0.03 
R4 941 940.0 -0.11 

High C1 1209 1206.0 -0.24 
Group C2 1336 1331.7 -0.32 

fH C3 1477 1486.5 +0.64 
C4 1633 1639.0 +0.37 

TABLE II. FUNCTIONAL TRUTH TABLE 

~ii~uLc Ivi~c 
I I I I !~!'!~~ ,v.,.a;. 

ROW COLUMN 
INHIBIT DISABLE Low 

X 0 X X OV 
X X O/C O/C OV 
X 1 One One fL 

1 1 20r More One -
1 1 One 20r More fL 

1 1 2 or More 20r More Vas 
0 1 2 or More One Vas 
0 1 One 2 or More Vas 
0 1 2 or More 2 or More Vas 

Note 1: X Is don·t care state. 

Note 2: Vas Is the output offset voltage. 

Note 3: TONE DISABLE and SINGLE TONE INHIBIT have Internal pull-up resistors. 

300 V+ 
2_5V-10V()--t~M"""'''------.l+-----' 

>20pF _ .... 

~ OS::~;~~OR 
/ L OSCOUT 

TONE 
r-- OUTPUT 

~.* ~RL Vss 
V- 300 

Ovo-.. ~~~--~------.-l----~ 

* Adjust RL for desired tone amplitudes. 

High 

OV 
OV 

fH 

fH 

-
Vas 
Vas 
Vas. 
Vas 

I I 
MUll: 

0 
0 
1 

1 

1 
1 

1 

1 

1 

FIGURE 2. Amplitude and Distortion Measurements for Conventional Telephone Applications 
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~ ~National 
Q. a Semiconductor 
I-

TP5088 DTMF Generator for Binary Input Data 

General Descriptioh Features 
• 2.5V-15Voperation 

PRELIMINARY 

This CMOS device provides low cost tone-dialing capabil
Ity In microprocessor-controlled telephone applications_ 
Binary data is decoded directly, without the need for con
version to simulated keyboatd inputs required by standard 
DTMF generators. With the TONE ENABLE input low, the 
oscillator is inhibited and the device is in a low power Idle 
mode. On the low-to-hlgh transition of TONE ENABLE, 
4-bit binary data Is latched Into the device and the selected 
tone pair Is generated. An open-drain N-channel transistor 
provides a MUTE output during tone generation. 

• Direct microprocessor interface 

Connection Diagram 

• Binary Input data with latches 
• Generates 16 standard tone pair,s 
• On-chip 3.579545 MHz crystal-controlled oscillator 

• High-group pre-emphasis 
• MUTE output interfaces to speech network 

'. Low power idle mode 

Dual-In-Line Package 

Voo..! 

TONE ENABLE..! 

NC..! 

NC..! 
Ii Vss"';' 

OSCIN..! 

OSC OUT..!. 

u 

TP5088 

TOP VIEW 
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~National 
~ Semiconductor 

. PRELIMINARY 

TP9151, TP9152, TP9156, TP9158 Push Button Pulse Dialer 
Circuits with Redial 

General Description 
This family of monolithic metal-gate CMOS integrated cir
cuits provides all logic necessary to convert 4 x 3 matrix 
keypad inputs into a series of pulses simulating rotary 
telephone dialing. An on-chip memory capable of storing 
up to 22 digits allows keypad entries to be made at rates 
comparable to those of tone-dialing telephones, and pro
vides one-key redial of the last number dialed. For PBXap
plications, pauses may be inserted in a redialed number 
sequence to ensure the user waits for dial tone following 
an access code. Two outputs are. provided, requiring 
simple Interrace circuilS iu lJui:st;t i.ilt: i.t:it:~i'u,,~ iiiiQ giid 

mute the receiver. 

The low voltage and low current requirements of the 
TP9151 family allow direct telephone-line powered 
operation. 

Block Diagram 

Feat~res 

• 2.3V and 150 p.A operation 
• < 1 p.A on-hook current to store number 

• Low power idle mode when not outpulslng 

• Stabilized RC oscillator 
• < ± 5% frequency stability with voltage and temperature 
•. 22-digit redial memory 

• Single contact or negative-common key interface 
• BREAK/MAKE ratio pin selectable (TP9151 and TP9156) 

• BREAK/MAKE ratio 60:40 (TP9152) 

• BREAKiMAKE ratio 67:33 (TP9158) 
• Inter-Digit Pause pin selectable 

• Reset delayed for line breaks <200 ms 

• * key inserts pauses 
• # key releases redial and pauses 
• Scratchpad (new number storage without dialing) option 
II! Two-phase drive to bistable MUTE relay (TP9152) 

YoBl Vo02 

ROWl 
ROW 2 
ROW 3 
ROW4. 
COLl 
COL2 
COL 3 

r - - - -1- -1-

I 

L 

KEYBOARD 
ENCODER 

AND 
WRITE CONTROL 

OSC AND 
TIMING 

CONTROL 

MUX AND DECODER 

Vas 

-1-

-,...--_-....,1 

OUTPULSING 
LOGIC 

MAIN CONTROL 
LOGIC 

I 

I 
..J 

lOP BREAKI MAKE 
SELECT SELECT 

FIGURE 1_ TP9151, TP9152, TP91!i6, TP9158 Pulse Dialer 
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Absolute Maximum Ratings 
DC Supply Voltage, Voo - Vss 6V 

Voltage on Any Pin Vss - 6.3V to Voo + 0.3V 
Operating Temperature Range - 30·C to 70·C ! 

Storage Temperature Range -50·Ct0150·C 

, 

Electrical Characteristics TA within operating temperature range, Vss=GND, 2.3VsVoil1s5V except where 
otherwise stated. 

Parameter Conditions Min Typ Max Units 

Supply Current 

loot VOOt =Vo02=5V 1 p.A 
1002 (Note 1) VOOI = Vo02=5V; Osc On 150 p.A 

VOOt = Vo02 =5V; Osc Off 2 p.A 

Inputs 
lOP, 81M, HOOKSWITCH 
Logic 0 0.5 V 
Logic 1 Vo02 -O.5 V 

Outputs 
PULSE Output VOOl = Vo02 =3V 
Logic 0 Sink Current Vo=0.5V 2 rnA 
Logic 1 l.eakage Current Vo =2.5V 1 p.A 
MUTE and MUTE Outputs VOOl = Vo02 =3V 
Logic 0 Sink Current ~o=0.5V 2 rnA 
Logic 1 Source Current Vo =2.5V 2 rnA 

CLOCK, CLOCK Outputs VOD2 =2.5V 
Logic 0 Sink Current 100 p.A 
Logic 1 Source Current 100 p.A 
CLOCK IN Leakage Current 20 'nA 

Rowand Column Pull-Up Resistance 200 kG 

Keyboard Contact Resistance 1 kCl 

Keyboard Capacitance 30 pF 

Key Debounce Time, tOB CLOCK IN = 18 kHz 10 12 ms 

Clock Frequency (Note 2) 17.3 19.1 kHz 

Vo02 =3V 17.8 18.9 kHz 

Not.t. Measured after a digit is entered. with BIM, lOP and HOOKSWITCH inputs at VSS, all keypad Interfaces open·clrcult. 
Note2: Including temperature, voltage and part-la-part variations, but not temperature coeffiCients of external oscillator components. See Figure5forcomponent 
values. 
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Connection Diagrams 

Dual-In-Line Package Dual-In-Line Package Dual-In-Line Package 

Voo1 1 lB ROW 1 VOU1 
1 

ROW2 2 17 COL 3 ROW2 2 

ROW3 3 16 COL 2 ROW3 3 

ROW4 4 15 COL 1 ROW4 4 

'Ibo. 
5 

TP9151. TP9156 14 Vs• Yo .. 
5 

CLOCK IN' 6 13 MUTE OUT CLOCK IN 6 

CLOCK 7 12 HOOKSWlTCH CLOCK 7 

CLOCK B 111DPITEST SELEC7 CLOCK B 

PULSE OUT 10 BREAK/MAKE SELECT -- 9 
PULSE OUT 

TOP VIEW 

Pin Descriptions 

Vss= This is the negative supply to the device and the 
voltages on all other pins are normally referenced to this. 

VDD1 (common with VDD2 on TP9158): This is the positive 
supply to the redial memory .. Maintaining power to this pin 
while on-hook will stor~ the last number dialed. A low
voltage detect circuit will reset the device and inhibit 
redial If the voltage on this pin falls too low forthe memory 
cells to·retain data. 

VDD~ This is the positive supply to all other functions of 
the device. It may be tied directly to V 001, or may be discon
nected when on-hook in order to reduce on-hook leakage 
current. 

CLOCK IN, CLOCK and CLOCK: The clock oscillator con
sists of two Inverters and a comparator requiring two ex
ternal capacitors and a resistor for oscillation. All timing 
Is referenced to this oscillator running at 18 kHz, typically 
with C1 ~ C2 ~ 47 pF and R '" 390 kll. The comparator 
assures good frequency stability over the operating volt
age and temperature ranges. 

Keypad Inputs: A valid key entry is defined as either con
necting a Single row to a single column or connecting Vss 
simultaneously to a single row and a single column. In the 
on-hook condition, the keypad interfaces are disabled and 
pulled low. On entering the off-hook condition, the keypad 
Inputs go to a static sensing mode until a key closure Is 
sensed. The oscillator is then enablec( and rows and col
umns are alternately scanned (pulled high, then low) to 
verify that the Input is valid. The key must then remain 
valid continuously for the specified debounce time before 
the circuit will accept and decode it and begin outpulsing. 

lB ROW 1 YoD' +YoD' 
1 lB ROW1 

17 COL 3 ROW2 2 17 COL 3 . 

16 COL 2 ROW3 3 16 COL 2 

15 COL 1 ROW4 4 15 COLI 

TP9152 14~ CLOCK IN 5 TP915B 14 Vss 

13 MUTE OUT CLOCK 6 13 MUTE OUT 

12 MUTE OUT CLOCK 7 
12 

HOOKSWlTCH 2 

11 HOOKSWlTCH PULSE OUT 8 11 HOOKSWlTCH 1 

10 IDP/TEST SELECT PULSE OUT 10 IDPI7EST SELECT 

TOP VIEW TOP VIEW 

FIGURE 2 
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HOOKSWITCH: This input controls the reset of internal 
counters and registers. Pulling this pin up to V001 puts the 
device in the on-hook condition. The oscillator is stopped, 

. all keypad pins are pulled low and all logic functions in
hibited. Taking this pin to Vss resets the device and starts 
the oscillator to generate an 18 ms MUTE output pulse, 
then puts the device in standby mode with the oscillator 
turned off, ready to sense key closures. Returning this in
put to V001 at any time starts a 200 ms delayed reset 
counter. If Vss is restored before 200 ms (as would occur 
on a short line break) the counter is reset and operation 
continues. After 200 ms with HOOKSWITCH at VOD1 the 
device returns to the on-hook condition. 

A mask option of 300 ms reset delay is available. 

The TP9158 bypasses the 200 ms delay reset counter, and 
provides instead two HOOKSWITCH connections ena
bling a Schmitt trigger circuit to be made with two external 
resistors (Figure 4). Reset can then be delayed during a 
line break by suitable design of the Schmitt trigger 
threshold. 

PULSE Output: This is an open-drain N-channel transistor 
intended to drive a high-voltage interface circuit to pulse 
the telephone line with the correct BREAK/MAKE ratio 
and IDP timing. The output transistor sinks current only 
during pulse BREAK periods. 

PULSE Output (TP9158 only): This is an open-drain 
P-channel tranSistor providing the logical inverse of the 
~output. 



Pin Functions (Continued) 

MUTE Output: This CMOS push·pull output is intended to 
drive a simple interface circuit to mute the telephone 
speech network during outpulslng. Figure 3 shows that 
this output Is active·high for a pre·pulslng pause interval 
and throughout pulsing and inter·digit pauses. Other tim· 
Ing arrangements are available as options. 

If a capacitively·coupled bistable relay is used for muting, 
the correct initial state is ensured by an 18 ms MUTE pulse 
generated each time the HOOKSWITCH input is pulled 
low. 

MUTE Output (TP9152 only): This is a CMOS push·pull out· 
put which is the logical inverse of MUTE. The pair.of anti· 
phase outputs provide voltage boost to drive a capaci· 
tively·coupled bistable felay on low supply voltages. 

lOP/TEST SELECT: The function is selected by connecting 
this pin as follows: 

Pin Input TP9151, TP9152 TP9156 TP9158 

VOO2 lOP = 500 900 

Vss lOP = 800 800 800 
CLOCK IOP=1000 500 500 
CLOCK Fast 

Test Mode 

Note: All lOP times in ms. 

The fast test mode bypasses counter stages, Increasing 
the outpulsing speed by a factor of 225, and the keyscan 
and debounce speed by a factor of 9. 

Note that this input is read and latched only during a 
HOOKSWITCH reset. Also, this input must not be allowed 
to "float" as no pull·up/pull·down resistor is provided. 

BREAK/MAKE SELECT (not on TP9152 or TP9158): The 
BREAK/MAKE ratio on the TP9151 and TP9156.is selected 
by connecting this pin as follows: 

Pin Input 

V002 

CLOCK 

Vss 

BIM Ratio 

67:33= 2:1 
61.5:38.5 = 1.6:1 

60:40 = 1.5:1 

On the TP9152 the BREAK/MAKE ratio Is Internally fixed at 
60:40. On the TP9158 the BREAK/MAKE ratio is Internally 
fixed at 67:33. Note that this Input is read and latched only 
during a HOOKSWITCH reset. Also, this input must not be 
allowed to "float" as no pull·up/pull·down resistor is 
provided. 

Functional Description 
The time base for the TP9151 family is derived from an In· 
verter/comparator circuit requiring two external capaci· 
tors and one resistor to set the oscillation frequency. The 
comparator greatly reduces the variation of oscillation fre· 
quency with supply voltage and temperature normally 
associated with CMOS RC oscillators. In the on· hook con· 
dition, the oscillator IS stopped and the keypad scan 
disabled. 

After going off·hook, the oscillator turns on to generate an 
18 ms MUTE reset pulse, then turns off. The keypad inputs 
go to a statiC senSing mode. On sensing a single key 
closure, the oscillator starts, and row and column inputs 
are alternately scanned at a 250 Hz rate. When a valid key 
closure is sensed for the required debounce time, the key 
is written into memory and outpulsing begins for that key. 
Further valid keys are entered in sequence up to a maxi· 
mum of 22. If no further key is entered, following the lOP, 
the oscillator will stop and the key inputs will return to the 
static senSing mode awaiting further keys or a return to 
the on.hook condition. I 

By maintaining power to the device while on· hook, the last 
number dialed is stored in memory. Upon going off·hook, 
the stored number can be automatically redlaled byenter· 
ing # as the first key. Entry of any digit as the first keY 
following off·hook clears the redial memory and enters 
digits..!n sequence, starting at location 1. The on·hook 
reset of the device is delayed for 200 ms to protect a dial· 
ing sequence against short loop breaks. The device will 
also reset if Voo1 falls to a voltage too low for the memory 
cells to retain data. 

. The * key enables the user to enter and store a pause in a 
manually dialed number sequence. Both manual and auto
matic dialing will stop on reaching this pause. The # key 
will release the pause and allow outpulsing to continue. 
Pauses may be stored in any memory location, but the 
number of pauses plus digits cannot exceed 22. Each 
pause requires a # entry to release it. . 

As a mask option, the'* key can be set up to provide entry 
to the Scratchpad feature, which allows the memory to be 

. overwritten with a new telephone number without that 
number being outpulsed and without muting. Scratch pad 
mc;>de can be entered directly after going off·hook or duro 
ing a conversation by keying * * foiioiNeu by ihe nexi 
desired number. The new number can only be out pulsed by 
returning on·hook, then off·hook, followed by the # key,. 
which will redial the stored number as normal. Selecting 
the Scratchpad option still provides pause storage with a 
* entry, provided the next key is a digit. 

Various timing options are available for PULSE and MUTE 
outputs. Popular BREAK/MAKE ratios and Inter·Digit 
Pause periods can be pin·selected. 

Application Notes· 
The TP9151 pulse dialer family may be set up to drive a 
pulsing loop either in series or in shunt with the speech 
network. A typical series dialer is shown in Figure 5.ln this 
circuit, the dialer is fed from a current·limited source of a 
minimum of 200 p.A to allow a safe margin for the device, 
plus the zener and HOOKSWITCH resi.stor currents. 

To take maximum advantage of the low current consump· 
tion of the TP9151 family, particularly in the on·hook, "last· 
number·stored mode, all other current paths must be mini· 
mized. These include leakage of the decoupling capacitor 
and reverse leakage of current through the current source 
to ground via the speech network. A zener diode with very 
low leakage current below the conduction "knee" should 

. be specified. If on·hook current is drawn from the tele· 
phone line, reverse leakage of the two back·biased diodes 
in the rectifier bridge must also be considered. 
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Application Notes (Continued) 

KEY INPUT 

TP9158 
12 

CLOCK 

H2 
HI 

PULSE OUT 

MUTE OUT 

Al =A2=500k 

• PPP = pre·pulslng pause, normally the same as the lOP. 
Other delays available as mask options. 

FIGURE 3. Outpulse Timing FIGURE 4. TP9158 Schmitt Trigger Reset 

v' 
RR 

Ll~~-------------'--~~~~, 

L2 

v-

v' 

#61 RR 

300k 

3DM 

910 

100k 10 

1M 470k 
VOU1 VOD2 ' 

¢:Ej 
COLUMN 3 

COLUMN 2 

HOOKSWITCH COLUMN 1 

ROW 1 

IDPSEL PtiiiE ROW 2 

voo { ORVss ROW3 
BiMSEL ROW4 

15k GNO 
MUTE 

#01 5.6V 10"F 

1M 390k 

v-

# Indicates National Semiconductor Discrete Process number. 

FIGURE 5. Typical Series Dialer Application 
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~National 
~ Semiconductor 
TP50981/TP50981 A, TP50982/TP50982A, TP50985/TP5098SA 
Push Button Pulse Dialer Circuits 
General Description 
This family of monolithic CMOS circuits provides all logic 
necessary to convert keyboard Inputs Into a series of 
pulses simulating rotary telephone dialing. An on-chlp 
memory capable of storing up to 17 digits allows keyboard 
entries to be made at rates· comparable to those of tone
dialing telephones and provides one-key redial of the last 
number dialed. The keyboard Inputs interface directly to a 
standard 2-of-7 keypad with positive-common or an inex
pensive form A-type keyboard. Two outputs, one for puls
Ing the telephone line and one to mute the receiver, are 
provided along with pin selectable Break/Make ratios and 
an on-chlp voltage regulator. The low voltage and.low cur
rent requirements of these devices allow direct telephone 
line powered operation. 

Features 
• TP50981/TP50981A, TP509851TP50985A for pulsing loop 

In shunt with speech network . 
• TP50982/TP50982A for pulsing loop In series with 

speech network 
• 1.7V, 150 j.A operation TP50981A, TP50982A and 

TP50985A 
• Single-contact or positlve-c.ommon key inputs 
• Break/Make ratio pin selectable 
• On-chip voltage regulator . 
• On-chip oscillator using 480 kHz ceramic resonator 
• Scratchpad (new number storage without dialing) on 

TP50985/TP50985A 
• 10/20 pps option on TP50985ITP50985A 

Block Diagram v' . llvoo r-------'"l------· --, 

ROW 1 14 

ROW2 13 

ROW 3 12 

ROW4 11. 

COU· 3 

COL2 

COL3 

I 
I 
I 

VREFO....,'~41211l1-~V~RE:!.F-J 

I 

I--t~" PULSE OUTPUT 

PULSE AND 110 
MUTE TIMING 1--:---" MUTE OUTPUT 

CONTROL I 
15 +--HOOKSWITCHITE5T 

I 
I 
I 
I ; I -:!r L ____ _ -i--- ~~---1 

FIGURE 1 

Connection Diagram (Dual-In-Llne Package, Top View) 

voo 

VREF 11D1Z0o, 

COLI 

cou 

COl3 

Vss 
05CIN 

l' 

05COUT 

16 PULSE OUTPUT 

16 HOO_,TCHlTE5T 

14 ROWI 

1. filIIft OUTPUT 

9 B~EAKIMAKE SELECT 

Order Number TP50981N, TP50981AN, 
TP50982N,TP50982AN, TP50985N 

.. or TP5098SAN 

• 10/20 pps select Input on TP50985/TP509B5A 
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Absolute Maximum Ratings 
DC Supply Voltage (Voo-Vss) 
Voltage on Any Pin 

Operating Temperature 

Storage Temperature 

Maximum Power Dissipation (25·C) 

DC Electrical Characteristics 

6.2V 

Voo + 0.3V to Vss - 0.3V 
- 30·C to + 70·C 

-55·Cto +150·C 

500mW 

TA within operating temperature range, Voo minsVoos6.0V, unless otherwise specified. 

Parameter Conditions Min 

Voo Min DC Supply Voltage 
TP50981,TP50982,TP50985 Pin 1 Ref. Pin 6 2.5 
------ ... ---~~~~. _~~nn~~A 
I t"'ou~o 11"\; I rov~o"'/"'\, I r;JV;:'1'.h,JM ~.? 

Memory Retention Current 
TP50981 , TP50982,TP50985 Voo = 2.5V, Notes 1 and 2 
T?50981A, TP50982A, TP50985A Voo = 1.7V, Notes 1 and 2 

DC Operating Current Off·Hook, Valid Key, VREF Tied to Vss 

VREF Sink Current Voo =5.0V 1.0 

MUTE Sink Current Voo=Voo Min, Vo=0.5V 0.5 

PULSE Sink Current Voo= Voo Min, Vo=0.5V 1.0 

MUTE and PULSE Leakage Voo=6.0V, Vo =6.0V 

Keyboard Contact Resistance 

Keyboard Capacitance 

Logic '0' Level Input Vss 

Logic '1' Level Input 0.8 Voo 

Keyboard Pull·Up Resistance 

Keyboard Pull·Down Resistance 

HOOKSWITCH Pull·Up Resistance 

Note 1: On·hook mode, VREF tied to VSS, all outputs open. 

Typ 

0.7 
0.5 

100 

2.0 

4.0 

0.001 

4.0 

100 

100 

Note 2: Power·on reset and low·voltage·detect circuits inhibit the redial function If the supply voltage falls below VOO Min. 

AC Electrical Characteristics 
TA within operating temperature range, Voo minsVoos6.0V, unless otherwise specified. 

Parameter Conditions Min Typ 

Oscillator Frequency . Anti·Resonant Mode 480 

Keyboard Debounce Time OSC IN = 480 kHz 9 

Oscillator Start·Up Time Voo=VooMin 5.0 

Pulse Rate 10.0 

Break Time Pin9@Voo 61.0 
Pin9 @Vss 67.0 

Interdigit Pause 800 
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Functional Description 
The time base for this family of pulse dialers Is derived 
from a 480 kHz ceramic resonator in anti-resonant mode_ 
In the on-hook condition, the oscillator is stopped and all . 
keyboard row and column inputs are forced to Voo which 
Inhibits any key closures from effecting the circuit. After 
gOing off-hook the oscillator remains off and the keyboard 
Inputs go to a static sensing mode. Upon sensing a single 
key closure, the oscillator starts, and the row and column 
inputs are alternately scanned at a 500 Hz rate. When the 
circuit senses a valid key closure for the required 
debounce time, the key is written into memory and out
pulsing begins for that key. Further valid keys are entered 
in sequence, provided that no more than 17 digits remain 
to be out pulsed. If no further key is entered, following the 
lOP the oscillator will stop and the key inputs will return to 
the static sensing mode awaiting further keys or a return 
to the on-hook qondition. By maintaining power to the 
device wh.ile on-hook, the last .number dialed (up to 17 
digits) is stored in the memory. On going off-hook 
(HOOKSWITCH goes to Vss) the stored number can be 
automatically redialed by entering either • or # as the first 
key (TP50981/TP50981A and TP50982/TP50982A). Entry of 
any digit as the first key following off-hook clears the 
redial memory and enters digits in sequence, starting at 
location 1. 

The • key on the TP50985/TP50985A Is redefined to 
provide entry to the Scratchpad feature: This mode allows 
the outpulsing memory to be overwritten with a new 
telephone number without that number being outpulsed. 
Scratchpad mode ·can be entered directly after going 
off-hook or during a conversation by keying • followed by 
the riext desired number. The new number can only be out
pulsed by returni ng on-hook, then off-hook followed by the 
# key, which will redial the last number as normal. 

The TP509851TP50985A also enables the user to select an 
output pulse rate of either 10 pps by connecting pin 2 to 
ground or 20 pps by connecting pin 2 to Voo. On this ver
sion VREF is connected to Vss internally. 

Pin Descripti,ons 
VDD (pin 1): This is the positive supply to the device and is 
referenced to Vss (pin 6). The voltage on this pin must be 
limited to less than 6V either externally or by current
limiting the supply to the on-chip voltage regulator. In the 
last-number-stored mode a minimum of 1 p.A of supply cur
rent must be available to this pin while on~hook. 

VREF (pIn 2): In normal applications, this pin is tied to Vss 
(pin 6) which enables the on-chip voltage regulator circuit. 
When VREF is tied to Vss, thevoltage regulator will provide 
a current sink from Voo to Vss of a minimum of 1 mA with 
Voo equal to 5V. 

KEYBOARD INPUTS (pins 3,4,5,11, 12. 13. and 14): A valid 
key entry is defined as either connecting a single row to a 
single ,column or connecting Voo simultaneously to a 
Single row and a single column. This allows direct Inter
face to an Inexpensive single-contact (form A) keyboard, 
the standard 2-of-7 keyboard with positive-common, or 
logic-generated inputs. ' 
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In the on-hOOk condition [HOOKSWITCH/TEST (pin 15) 
connected to Vool the keyboard inputs are disabled 
and pulled high. Upon entering the off-hook condition the 
k!!yboard inputs go to a static sensing mode until a key 
closure is sensed. The oscillator is then enabled and 
the rows and columns are alternately scanned (pulled 
high, then low) to verify thatthe input is valid. The key must 
then remain valid continuously for the specified debounce 
time before the circuit will accept and decode it and begin 
outpulsing. 

Vss(pin 6): This is the negative supply. 

OSCILLATOR IN, OUT (pins 7, 8): The device contains an 
on-chip oscillator circuit designed to work with a 480 kHz 
ceramic resonator (anti-resonant mode) and 2' external 
capacitors, normally 100 pF. A 1 MO resistor is Included'on
chip for good oscillator stability. The circuit may also be 
driven with an external 480 kHz source on OSCILLATOR IN 
(pin 7). 

BREAK/MAKE SELECT (pin 9): The Break/Make ratio is 
selected by connecting pin 9 to either Voo or Vss. Table I 
indicates the available ratios. 

- TABLE I BREAK/MAKE SELECT 

Input to BREAK/MAKE(pin 9) PULSE OUTPUT 
Break Make 

Voo 61% 39% 

Vss 67% 33% 

MUTE (pin 10): This pin Is the output of an open-drain 
N-channel transistor. It drives a simple interface circuit to 
mute the receiver during outpulslng. See the timi'ng dia
gram and application notes for further information con
cerning this output. 

HOOKSWITCH/TEST (pin 15): This Input has a 100 kO 
Internal pull-up resistor to Voo: Allowing this pin to float, 
or connecting a Voo level puts the circuit In the on-hook 
Idle mode. 

With this pin connected to Vss the circuit Is In the off-hook 
mode and will accept keyboard Inputs, and outpulse them 
at the normal 10 pps rate. When the outpulslng Is com
plete, the oscillator stops and walts for further key Inputs. 
If, however, pin 15 Is taken to Voo while the circuit Is still 
outpulslng the remaining digits will be outpulsed at 100 
times the normal rate (BREAK/MAKE becomes 50%). This 
allows for rapid testing of the device and also provides a 
means for resetting the circuit If power to the device Is 
maintained while on-hook. (Note: Taking the worst-case 
of 17 zeros remaining to be outpLilsed; this operation could 
take 300 ins to complete. Therefore, to ensure that the cir
cuit has been properly reset, pin 15 should remain at Voo 
for more than 300 ms before entering a new number.) 

PULSE OUTPUT (pin 16): The pulse output consists of an 
open-drain N-channel transistor. 'It is Intended to drive a 
transistor interface circuit to pulse the telephone line with 
the correct Break/Make ratio, lOP timing, and pulse rate. 
On the TP50981/TP50981 A, TP5d'985/TP50985A this output 
Is normally low and pulses high. On the TP509821TP50982A 
the output Is normally high and pulses low. See Figure 2 
for further details of the timing differences between the 
parts. 



Timing Diagram 

KEY INPUT 

COL SCAN 

ROW SCAN 

HOOKSWITCH 
INPUT 

PULSE OUTPUT 

MU'fE OUTPUT 

TP5Da82/ZA 

PULSE. OUTPUT 

Mii'fE OUTPUT 

----1--1 

ON·HOQKITEST 

OFF 

FIGURE 2 

Applications Information 
The TP50981/TP50981A, TP50985ITP50985A PULSE out
put is designed to drive a pulsing loop circuit in shunt with 
the speech network, as shown in Figure 3. During out
pulsing the MUTE circuit Is turned off to Isolate the speech 
network from the line. VT2 and VT3 conduct during MAKE 
periods, R1 adjusts telephone pulsing resistance. VT2 and 
VT3 turn off during BREAK periods, loop current Is then 
the sum of the device supply current, plus R2 and R3 cur
rents. These currents should ~e designed to meet the sys
tem maximum BREAK current specification, where appli
cable. The on-chip voltage regulator enables the device to 
be fed from a current-limited supply of 150 pA minimum, as 
shown In Figure 3. 

The TP509821TP50982A PULSE output Is designed for a 
series pulsing loop, as shown in Figure 4. In this case the 
MUTE circuit isolates only the receiver, so that current 
flows through the speech network while outpulsing MAKE 
periods. VT3 cuts off this current during BREAK periods. 

last-number-stored mode, "all other current paths must be 
minimized. These include leakage of the decoupling ca
pacitor C1, and reverse leakage of current through the cur
rent source, which could flow to ground via the transistor 
interface circuit~ and speech network. If on-hook current 
is drawn from the telephone line, reverse leakage of the 
two back-biasec:! diodes in the rectifier bridge must also be 
considered. Virtually the full station bat~ery voltage may 
appear across these diodes In the on·hook condition of 
Figures 3 and 4, hence the diodes should be specified for 
minimum leakage current at 50V reverse bias and maxi
mum opera~ing temperature. 

Ceramic resonators for the oscillator circuit can be 
obtained from various companies Including muRata, 
Toko, Vernitron and Radio Materials Corporation. The 
anti-resonant frequency, 'a, should be 480 kHz. Note 
that resonators are often referred to by their resonant 
frequency, f" which is typically 15 kHz-25 kHz lower 

To take maximum advantage of the low current consump- than fa. Consult manufacturers' data for specifications 
tion of the TP50981 A, TP50982A, TP50985A in the on-hoOk, and tolerances. 
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Applications Information (Continued) 

y. 

NAIZ 

L2C1,~----------~~~~--~~---------------u1-~rNYA/2~~-6-----------'~NrB~------~ 

Rl" 

y-

v· 

• lOOk 

lOOk 

v+ BIM 
iiiffE 1-'1,;..0 - ..... ---1 

TP509Bl 

VREF 2 

OSC IN OSC OUT v-

B 

loopF 100 • 

• Rl Iyplcally 1500. . 

t R2 =20M for TP50981. TP50985; R2=50M for TP50981A. TP50985A. 

# Indicates National Semiconductor Discrete process number. 

COLUMN 3 (PIN 51 

. COLUMN 2 (PIN 41 

COLUMN 1 (PIN 31 

ROW 1 (PIN 141 

ROW 2 (PIN 131 

ROW 3 (PIN 121 

ROW4 (PIN 111 

FIGURE 3. TP50981, TP50985 Shunt Dialer Application 
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Applications Information (Continued) 

v+ 

100pF 

910 

v+ 81M 

PULSE I-'I"41
B ---+--i 

TP509B2 

MiiTE .,:10:...._ ...... -+-1 

OSC IN OSC OUT v
B 

lOOp 

10 

t A2 = 20M for TP50982, A2 = 50M for TP50982A 

FIGURE 4. TP50982 Series Dialer Application 
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·~National 
~ Semiconductor 
TP5395, TP53125 DTMF (TOUCH TONE®) Generators 

General Description Features 
• Powered directly from telephone line 
• Low voltage operation to 3.5V 
• Uses inexpensive 3.579545 MHz crystal 

The TP5395 and TP53125 are low threshold voltage, ion
implanted, metal-gate CMOS integrated circuits that 
generate all dual tone multi-frequency (DTMF) pairs re
quired in tone-dialing systems. The 8 audio output fre
quencies are generated from an on-chip 3.579545 MHz 
master oscillator. No external components other than the 
crystal are required for the oscillator. The TP5395 and 
TP53125 can be powered directly from telephone lines 
over wide range loop conditions. The TP53125 interfaces 
to an inexpensive single-contact calculator type keypad. 
The TP5395 interfaces to a standard telephone 2-of-8 
keypad. 

• Tone accuracy better than ± 1 % without tuning 

Block and Connection Diagrams 

OSC IN 

KBCONTROL 

XMIT 

OSC 
OUT 

+46 
+42 

+38 
+34 

• Operation with either single-contact or 2-of-8 keypads 
• Excellent thermal and voltage stability 

• High band pre-emphasis 
• Multi-key lockout with single tone capability 

• Mute switch output 
• BCD interface mode 

TONE 

L---.FILTER 

RI 

R2 

R3 

R4 
PROGRAMMABLE DIVIDER 

CI 

C2 

1:3 

C4 

TOUCH TONE"') is a registered trademark ot Bell Telephone 

FIGURE 1a 

Dual-In-Line Package 

vss I 

OSC 4 
OUT 

5 
MUTE 

C4 

C3 

CI 

C2 

TOP VIEW 

FIGURE 1b 
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Absolute Maximum Ratings 
Voltage at Any Pin 
Operating Temperature Range 
Storage Temperature Range 

Voo-Vss 

Vss - 0.3V to Voo + 0.3V 
- 30'C to + 70'C 

-55'Cto + 150'C 
6.5V 

Lead Temperature(Soldering, 10 seconds) " 300'C 

Electrical Characteristics 
TA within operating temperature range, 3.5V :SVoo - Vss :s6V, unless otherwise specified 

Parameter 

Input Pull·Up Resistor at Column Inputs 

Input Pull·Down Resistor at XMIT 

Internal Resistor at Row Inputs 
To Voo (TP5395) 
To Vss (TP53125) 

,,_ •• __ ...1 ,... __ "'_ ...... n ...... : ............... .... 
• ,lCiyt-l(lU \"I""II~~""~' • .., ........ H .. ' .... _ 

Input Voltage Levels 
Logical "1" 
Logical "0" 

Output Voltage Swings at TONE 
OUTPUT 

Low Band Only 
High Band Only 

High Band Pre-Emphasis 

Harmonic Distortion 

Conditions 

V1N=VSs 

V1N=V OO 

V1N=VSS 
V1N"'VOO 

Voo-Vss=3.5V, 
RL",=5000 

RL",=5000 

Min 

100 

100 

100 
100 

Vob- 0.25 
Vss 

Typ Max Units 

400 kO 

400 kO 

400 kO 
400 kO 

1 kO 

Voo V 
Vss+0.25 V 

820 mVp·p 
1000 mVp-p 

2 dB 

No External Filtering 
With 1000 pF at Filter 

-19 
-27 

dB 
dB 

Tone Frequency Deviation 

Operating Frequency 

Key Debounce Time 

Power Dissipation 

Output Current Level at MUTE 
Logical "1" " 
Logical "0" 

Functional Description 

Voo-Vss=6V, 
RL = 5000 

Voo -Vss =3.5V 
VouT=Voo-0.2V 
VOUT= Vss + 0.5V 

A functional block diagram of the TP5395 (or TP53125) is 
shown in Figure 1a, and a connection diagram is shown in 
Figure 1b. The oscillator will start immediately upon power 
being applied. When a key is pressed, both output tones 
start from zero on the negative half cycle after a 2 ms to 
4 ms key debounce period. If 2 or more keys are pressed 
together, orte or both tones will be switched OFF accord· 
ing to the functional truth table, Figure2a. Output frequen
cies and accuracies are shown in Figure 2,b. 

The KB CONTROL input is used to change the interface 
from keyboard to BCD according to Figure 3.ln the BCD In
terface mode, tone pairs are generated corresponding to 
the input BCD code on the row inputs (Figure 4) and are 
enabled during the period XMIT is high. By appropriate use 
of the column inputs during this mode, individual tones 
can be generated for test or signaling purposes. 

1.0 % 

3.579545 MH~ 

2 4 ms 

50 mW 

20 r-A 
2.0 mA 

A MUTE output is provided to electronically control com· 
mon key functions such as switching out the transmitter 
and switching a muting resistor to the receiver. 

The sum of the 2 sine waves is provided at the TONE out
put. A FILTER connection is available for access to the 
base of the output emitter follower for efficient filtering of 
the output waveform. A 500 pF capacitor produces a total 
harmonic distorti,on 20 dB below the in·band power with
out degrading high band pre·emphasis for operation In the 
North American telephone system. The TONE output 
signal amplitude varies directly with the Voo supply. Using 
a zener diode to clamp this supply near the low end of the 
line variation and the output circuits shown in Figures 5 
and 6generates a line current signal amplitude that will re
main constant with line voltage variations. Typical per
formance of this circuit is shown in Figure 7. In order to 



Functional Description (Continued) 

meet all, CEPT and spa guidelines for unwanted fre
quency components at 10 kHz and above the output, addl· 

-tional external filtering is required as shown in Figure 8. 

Figure 9 Is a keypad Interconnection diagram to Indicate 
row and column connections. for both types of keypads. 
Timing waveforms are shown In Figure 10. 

Row Column Low Band High Band 

None None DC DC 

One One fL fH 
None One DC fH 
One None fL DC 

Two or more None DC DC 
Two or more One DC fH 

None Two or more DC DC 
One Two or more fL DC 

Two or more Two or more DC DC 

a. Functional Truth Table 

Desired Actual 
Percent 

Inputs Frequencies Frequency 
Deviation 

fdHz) fH(Hz) (Hz) 

R1 697 - 699.1 0.306 

R2 770 - 766.2 -0.497 
R3 852 - 847.4 -0.536 

R4 941 - 948.0 0.741 

C1 - 1209 1215.9 0.569 

C2 - 1336 1331.7 -0.324 

C3 - 1477 1471.9 -0.35 

C4 - 1633 1645.0 0.736 

b. Outpuf Frequencies 

FIGURE 2. Keypad Interface Mode 

KB CONTROL XMIT Int;:rfaca Mads 

0 Open Keypad 
1 0 Idle 
1 1 Send tones 

FIGURE 3. Interface Mode Control 

Frequencies 
XMIT C1 C2 R1 R2 R3 R4 Generated 

fdHz) fH(Hz) 

0 X X X X X X DC DC 
1 Open Open 0 0 0 0 941 1336 

1 Open Open 0 0 0 1 697 1209 
1 Open Open 0 O. 1 0 69r 1336 

1 Open Open 0 0 1 1 697 1447 
1 Open Open 0 1 0 0 770 1209 
1 Open Open 0 1 0 1 770 1336 
1 Open Open 0 1 1 0 770 1477 
1 Open Open 0 1 1 1 852 1209 
1 Open Open 1 0 0 0 852 1336 
1 Open _ Open 1 0 0 1 852 1477 
1 0 Open fL DC 
1 Open 0 Valid SCD Inputs DC fH 
1 0 0 DC DC 

FIGURE 4. Functional Truth Table for Signal Interface Mode 
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Functional Description (Continued) 

HOOk SWITCH 

S1 

AA 

" 

Sm' 

Note 1: All S switches are common with hookswitch. 

Note 2: All K switches are common with KB. 

Note 3: Switches shown in OFF hook and KB depressed positions. 

RR 

FIGURE 5. TP5395 Typical Application 

FIGURE 6. TP53125 Typical Application 
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FIGURE 7. Typical Tone 
Output vs Loop Current 
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Functional Description (Continued) 

RR 

8.2k 

VDD 

TP5395 
OR 

TP53125 

R 

620 

t-< .... 'V'V"v-.... oIII'V'V ... -ITONE 
Vss 

4.7k 

600 

FIGURE 8. Tone Output Circuit for European Appllcati~n 

r------------jCl 
r--------1C2 

-r-_H"'¥--ROW 

Vss 

COLUMN 

TP5395 

a. Standard Telephone Keypad 

r-----------tCl 
r--------tC2 

r----'----!C3 

r----iC4 

Rl 

R2 

TP53125 

R3 

R4 

u 
b. Single Contact Keypad 

FIGURE 9. Keypad Interconnection Diagrams 

VALID INPUT VALID 

I j 
KB~ 

MUTE --.J 
BCD CODE I 

__ ---11 ~O mIl 

XMTCONTROL _~ ___ .JI---: ___ _ 
TONE ----~VV\I'INtNV\t_---- MUTE 

-I 1':""'- 2 ms-4 ms 
TONE ------'VI/II'>NN''-----

a. Keyboard Mode (I<B CONT.ROL = 0) b. BCD Mode (KB CONTROL = 1) 

FIGURE 10 
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~National 
~ Semiconductor 
TP5393, TP5394, TP53143, TP53144 
Pushbutton Pulse Dialer Circuits 

General Description 
The TP5393, TP5394, TP53143 and TP53144 are low thresh
old voltage, ion-implanted, mejal-gate CMOS integrated 
circuits that convert pushbutton inputs into a series of 
pulses to simulate a telephone rotary dial. Pushbutton in
puts require the use of a simple, low cost single contact 
calculator type keypad. An inexpensive RC oscillator net
work is used as the frequency reference. Storage is pro
vided for21 digits. A redial feature via use of the·#key is in
cluded. An interdigit pause can be externally selected as 
either 420 ms or 840 ms. A mute output is provided to mute 
:-~:e!1.'err!~!5e d'Jr!n~ nlltrlll~ing. No muting occursdurinQ 
the interdigit pause, thereby allowing the user to hear any 
busy or error condition arising during the call. The TP5393 
and TP53143 provide a pacifier tone of 600 Hz every time a 
key is depressed. The TP5393 and TP5394 provide a 1.6:1 

break/make ratio. The TP53143.and TP53144 provide a 2:1 
break/make ratio. 

Features 
• Direct line powered operation 

• Low voltage operation to 2V 

• Low cost RC oscillator 
• Single contact keypad 

• Selectable interdigital pause 

• Redial of last number 
• 600 Hz tone (available in TP5393 and TP53143) 

Block Diagram 

VSS VDD 

r---- ____________ 1 ___ 1 ______ _ - --, 

KI 

K2 

KJ 

K4 

L __ 

OSC. AND 
TIMING 

CONTROL 

21 X 4 RAM 

DECODER 

READ AND WRITE 
CONTROL CO UNTERS 

CONTROL 
LOGIC 

I 
I 

I 
I 
I 
I 

I DIAL 
PULSE 

I 
I 
I 
I 

TONE 

I 
I 

__ .J 
OSC 1 OSC 2 OSC J lOP HOOK 

SW!TCH SELECT 

FIGURE 1 

9-271 

-I 
." 

i 
"" 
-I 
." 

i 
"" 
-I 
." en 
~ 
t .. 
-I 
." 

~ 
i: 



, 

Absolute'Maximum Ratings 
Voltage at Any Pin Vss -0.3VtoVoo +0.3V 
Operating Temperature Range - 30·C to + 70·C 
Storage Temperature Range -55·Cto + 150·C 

Voo-Vss 6.5VMax 
Lead Temperature (Soldering, 10 seconds) 300·C 

, 

Electrical Characteristics TA within operating temperature range, Vss= GND, 2V sVoos5.5V 

Parameter Conditions Min Typ Max Units 

Input Voltage Levels at 
lOP Select, HK SW, K1-K4 

Logical "1" Voo-0.25 Voo V 
Logical "0" Vss Vss+0.25 V 

Input Pull-Up Resistor Voo =3V, V1N=VSS 1 3 /LA 
Currents at K1-K4, Source 

Input Pull-Down Resistor Voo =3V, V1N=3V 1.5 3 /LA 
Current at HK SW, Sink 

Keypad Contact Resistance 1 kll 

Output Current Levels 
Dial Pulse 

Logical "1", Source Voo =3V, Vour=Voo-0.5 80 p.A 
Logical "0", Sink V oo =3V, Vour=Vss+0.5 80 /loA 

Mute 
Logical "1", Source Voo =3V, Vour=Voo-0.5 80 ItA 
Logical "0", Sink Voo=3V, Vour=Vss+0.5 80 p.A , 

Tone 
Logical "1", Source Voo =3V, Vour=Voo-0.5 10 p.A 
Logical "0", Sink Voo =3V, Vour = Vss + 0.5 10 /LA 

01,02,03 
Logical "1", Source Voo =3V, Vour=Voo-0.5 . 15 /loA 
Logical "0", Sink Voo =3V, Vour = Vss + 0.5 100 /loA 

Supply Current Voo = 3.3V, Osc Freq = 20 kHz 100 /loA 
Voo = 5.5V, ON Hook, Osc Stopped 5 p.A 

Outpulsing Frequency Osc=20 kHz 9 11 Hz 

~ 
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Connection Diagrams 
Dual·ln·Line Package 

Order Number 
TP5393J or TP53143J 
See NS Package J18A 

K4 

TP5393 
DR 

TP53143 

10 NC 

Dual·ln·Llne Package 

K4 1 

USCI 6 

DSC2 7 

DSC3 I 

TP5394 
DR 

TP53144 

TOP VIEW 

11 Vss 

10 iiiffi 

9 iilALPiirn 

Order Number 
TP5394J or TP53144J 
See NS Package J16A 

TOP VIEW FIGURE 2 

Functional Description 
A block diagram of the TP5393, TP5394, TP53143 and 
TP53144 integrated circuit is shown In Figure 1 and 
package connection diagrams for the 2 package options 
are shown in Figure 2. 

Oscillator (Pins 6, 7, and 8): The time base for the pulse 
dialer integrated circuit Is an RC·controlied oscillator like 
that shown in Figure 3, typically tuned to 20 kHz by the R1 
and C1 combination. Stability of ± 10% of typical 
frequency can be maintained over the voltage range 
3.0V-5.5V and temperature ranQe - 30·C to + 70·C. At 
fixed voltage and temperature, part to part variation Is less 
than 5%. 

This clock Is successively divided to derive the necessary 
timing for outpulsing and interdiglt pause. 

Keyboard (Pins 1-4 and 16-18 or 14-16): The TP5393, 
TP5394, TP53143 and TP53144 utilize an inexpensive 
single contact (Form A, Figure 7) keypad. A valid key 
closure Is recorded when a single row (Kx input) is con· 
nected to a single column (Oy Input). Key closures are pro· 
tected from contact bounce for 5 ms. 

Dial Pulse Output (Pin 9): The Dial Pulse output drives an 
external bipolar transistor that sequentially opens 
(breaks) the telephone loop a ntlmber of times equal to the 
Input digit selected. For example, key 5 will generate 5 
loop current breaks. The break/make ratio of the TP5393 
and TP5394 is 1.6:1.0 (i.e., 61.5%:38.5%). The break/make 
ratio of the TP53143 and TP53144 is 2.0:1.0 (i.e., 67% :33%). 

lOP Select (Pin 15 or 13): The lOP select input is used to se· 
lect an interdlgit separation of either420 ms (logic "0" = Vss) 
or 840 ms (logic "1" = Voo). An interdiglt delay precedes 
the first digit outpulse sequence. 

Mute (Pin 11 or 10): The Mute output is used to drive an ex
ternal bipolar transistor that is used to mute the receiver 
during the outpulse period. System timing between key 
closure, mute and dial pulse Is shown by the timing 
diagram In Figure 4. 

Tone (Pin 14 TP5393 and TP53143 Only): The TP5393 and 
TP53143 provide a tone output to provide audio feedback 
to the user. The output is a 600 Hz tone that requires an ex
ternal bipolar driver to activate the telephone receiver. 

Hook Switch Input(Pln 5): The function of the hook switch 
Input is to properly initialize the circuitry for proper 
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memory and redial operation. In the UN nooK, logic "u" UI 

Vss condition, the hook switch Input 

a. stops the 20 kHz oscillator 
b. sets the memory pointer back to digit 1 
c. clamps thadial pulse and mute ouputs to logic "1" 

orVoo 
d. resets all control logic 

When the telephone is taken OFF hook, this Input must be 
taken to logic "1" or Voo to release the oscillator and 
enable the memory and various outputs. For a non-redial 
application it is necessary to provide an RC delay of 
approximately 10 liS to the hook switch input in order to 
provide a proper power-on clear sequence. 

Schematic diagrams for use of the TP5393, TP5394, 
TP53143 and TP53144 in typical applications are shown in 
Figures 5 and 6. 

REDIAL FEATURE 

Pushbutton inputs are accepted at an asynchronous rate. 
If only 1 key Is detected for 5 ms, the decoded key will be 
loaded into a first-In-first-out memory and outpulslng of 
the correct number of pulses will immediately begin. After 
the first digit has been completed, outpulsing will cease 
unless another key has been entered. This allows use in a 
PBX system to insure receipt of a dial tone after an access 
code has been entered and before entering the remainder 
of the number. If the call was not successful, it can be 
redialed at a later time by pressing the redial (H) key. If an 
access code is required, as in a PBX system, it can be 
manually entered, the dial tone established, and then the 
redial key pushed to automatically dial the remainder of 
the number. Only 1 key can be entered before pushing the 
redial key. 

An example of this operation is shown here: 

First Try 
Second Try 
Third Try 

Key Inputs Outpulses Memory 

9 P 4087375000 94087375000 94087375000 
9 P I 94087375000 94087375000 
9PI 94087375000 94087375000 

where P implies a user pause. 



Functional Description (Continued) 

OSC I 

VI 

312 VOO 

VO~ 

VI 112 Voo 

GNO 

-1/2 Voo 

Vou 

VOUT 

OV 

. FIGURE 3. Three Gate Oscillator and Waveforms 

FIGURE 4. Output Timing Waveforms 
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Functional Description (Continued) 

r-------- --, F r- ------ - - -- - - - ------ --, 
RR NAl2 T R ri<>"-,-----....--{; 

o TX lOOk 

Uk 

L. _______ ...J 
IN PHONE 

L_~ __ ~~ __________ ~ _____ ~, 
IN PHONE 

Nota 1: No redial. 

Note 2: Non-valued parts included in Instrument. 

r,iote 3: Letters refer to instrument terminals. 

FIGURE 5. Typical Application of TP5394 in Type 500D Telephone 

OFF 
HOOK F' 

1+ .... ----------6 ....... r-----------, 
I I 
I L11T1~ I 

,I 1 

I ruNGER ~I: -;~~+-.... -4 
1 
I 
1 
1 
1 
1 
I 

___________ J 
IN PHONE 

• Remainder of system is same as Figure 5. 

FIGURE 6. Typical Application of TP5394 Using Redial Feature 

1..- !/ !I ., 
!/ ~ !of ., 
!L !of !L .3 

'!/ #./ •• 
01 0' 03 

FIGURE 7. Keypad Matrix 
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~National 
~ Semiconductor 

TP53130 DTMF (TO,UCH TONE®) Generator 

General Description -Features' 
• 3V-15Voperatlng voltage The TP53130 Is a low threshold voltage, ion-Implanted, 

metal-gate CMOS Integrated circuit that generates all 
dual tone multi-frequency (DTMF) pairs required in tone
dialing systems. The 8 audio output frequencies are 
generated from an on-chip 3.579545 MHz master oscil
lator. No external components other than the crystal are 
required for the oscillator. The TP53130 can be powered 
directly from telephone lines over wide range loop condi
tions. The device can interface directly to an inexpensive 
single-contact calculator type keyboard or a standard 
telephone 2-of-8 keypad (F/gure 4). The TP53130 is also 
capable of accepting binary code inputs for micro
processor-controlled systems applications. 

• On-Chip 3.579545 MHz crystal-controlled oscillator 

Block Diagram 

C2 

C3 

C4 

MODE SELECT 

Vss-' 

CONTROL 
LOGIC 

TOUCH TONE~ is a registered trademark of Bell Telephone 

• Tone accuracy better than ± 1 % without tuning 
• Interface with standard 2-of-8 telephone keypad 
• Interface with Single-contact low cost keypad 
• Input signals can be in binary code 
• Multi-key lockout with/without single tone capability 
• On-chip high band and low band tone generators and 

mixer 

• High band pre-emphasis 
• Low harmonic distortion 
• Open emitter-follower low impedance output 
• Separate receiver mute and transmitter mute switch 

outputs 
• Powered directly from the telephone line 

VDD 

PROGRAMMABLE 
DIVIDER 
.;10 +66 
+73 +59 

XMTSW 
MUTE CONTROL 

FIGURE 1 
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XMTSW 

MUTE 



Absolute Maximum Ratings , 
Voltage at Any Pin Except XMT SW and MUTE Vss - 0.3V to Voo + 0.3V 
Voltage at XMT SW and MUTE Pins Vss - 0.3V to 15V 
Operating Temperature Range - 40·C to + 70·C 
Storage Temperature Range -65·Cto +150·C , 

Voo-Vss 15V 
Lead Temperature (Solderi ng, 10 seconds) 300·C 

Ele.ctrical Characteristics TA within operating temperature range, 3VsVoos8V, unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Input Pull-Up Resistor 
Column and Row Inputs 25 50 90 kO 
t'_ .. 'n~n C .... I ......... 200 650 1000 kO .' .... ,' ........................... ~ 
Mode Select 200 650 1000 kO 
Tone Disable 200 650 1000 kO 

Input Pull-Down Resistor 
Column and Row Inputs Voo ='3V 650 0 

Voo=8V 200 0 

Input Voltage Levels 
Logical "1" 80% ofVoo Voo V 
Logical "0" Vss 20% ofVoo V 

Operating Frequency 3.579545 MHz 

Output Voltage Swing at Tone , 
Output 

Low Band Alone RL>1500 820 , mVp-p 
High Band Alone RL>1500 1000 mVp-p 

Harmonic Distortion RL >1500 -20 dB 

Tone Frequency Deviation 1.0 % 

Typical Application Output 20<IL<100mA 
Level V L (See Figure 5) 

Low Band Tone RL:= 1500 -7 dBV 
High Band Tone RL = 1500 -6 dBV 
THO fs20 kHz 4 '% 

Output Currents Voo=3V 
XMTSW/MUTE VouT =2V 3 mA 

Idle Current RL,= co, Voo =8.0V 1 mA 
(No Key Depressed) 

Operating Current RL= co, Voo =3.5V 2 mA 

Key Down to Tone Outputting 3 4 ms 
Time (Debounce) 

DC Output Tone Disable = 0 TRI-STATE'" 

TRI-STATE!. Is a regislered trademark of National Semiconductor Corp. 
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Connection Diagram 

Dual-In-Llne Package 

VDP...! 
U r!! TONE OUTP~T 

TONE DISABLE.! ~MOOE SELECT 

Cl...! r!!Rl 

C2~ .!!.RZ 
Order Number TP53130N 

C3..! .!!R3 See NS Package N18A 
6 E.R4 vss-

osc OUT..!. .EXMTSW 

OSC IN..! .!lMUTE 

Km~~~..! .!E.C4 

TOP VIEW 

FIGURE 2 

Functional Description 
A functional block diagram of the TP53130 is shown In 
Figure 1, and connection diagram Is shown in Figure 2. 
The TP53130 can be operated in the Keyboard Interface 
Mode and can also be operated in the Binary Interface 
Mode depending on the logic level at the Key/BCD Select 
input. In either mode, the device will digitally synthesize 
the high and low band sine waves of DTMF signaling, 
when valid Signals are applied to rowand/or column in

,puts. The sum of the two sine waves is then provided at the 
Tone output. 

Tone Disable: This input has an internal pull·up resistor. 
When this input is open or at logical hi9to (Voo), the XMT 
SW and MUTE outputs will deliver valid output Signals in 
response to the proper input signals. When Tone Disable 
Is at logical low (Vss>, the device will be in the inactive mode. 
Tone output will go to an open circuit state, XMT SW and 
MUTE outputs will sink current through on·chlp N-channel 
devices and the crystal oscillator will be disabled. 

Key/Binary Select: When this input is open or at logical 
high (V DO)' the device will interface a keyboard.(See Table I.) 
When Key/Binary Select is low (Vss), the device will accept 
binary Inputs on the row si,gnal input lines. (See Table II.)' 

Oscillator: Tone generation and internal timing are de
pendent on the accurate operation of the crystal oscil
lator. The oscillator inverter/amplifier and all necessary 
bias networks are included on-chip. The only external 
component is a 3.579545 MHz crystal. It should be con
nected to the device as shown in the typical application 
diagram (Figure 5). The oscillator is not running unless a 
valid input signal is applied to the device. The osciliator is 
also disabled when Tone Disable Is tied to logic low (VsS>. 
This feature will prevent RF modulation on the telephone 
line. 

Single Tone Capability: This is a desirable feature for 
initial testing. With the device operating in the Keypad 
Interface Mode, operation of multiple keys in different 
rows and columns will not generate output tones. 
However, operation of two or more keys in the same row or 
column will generate the proper tone for that row or COl-

9-278 

umn. During multiple key operation, the XMT SW and 
MUTE outputs will not change state more than once. With 
the device operating In the Binary Interface Mode, a 
logical low at the column 1 Input will inhibit the high band 
tone output while a logical low at the column 2 input will 
inhibit the low band tone output. (See Table I.) Logical low 
inputs on both column inputs 1 and 2 will disable the 
device the same way as the Tone Disable input will when 
set to logical low. 

Mode Select: This Input has an internal pull-up resistor. 
When open or at logical high, single tone outputs are 
allowed: When this Input is at logical low, single tone out
puts are prohibited. XMli SW and MUTE outputs will stay 
high during a multiple key depression Input. 

Tone Output: Dual-tone output frequencies are generated 
in response to valid input Signals to the device. (See 
Table III.) Each frequency is synthesized with 32 steps of 
approximation for low harmonic distortion. The amp Ii' 
tudes of the low and high frequency tones are constant 
'and Independent of operating Voltages. When tone out· 
puts are present, the Tone output Will be the composite of 
the AC signal superimposed on a DC offset. The DC offset 
is approximately 1/2 V DO. When no tones are present at the 
Tone output pin, the pin will be open circuit. 

XMT SW (Transmitter Switch) and MUTE Outputs: In the 
idle state (no key depressed, no signal interface inputs 
and Tone Disable at a logical low) both the XMT SW and 
MUTE outputs will sink current to Vss through on-Chip 
transistors. In the active state, these outputs will source 
current from Voo whenever valid output tones are 
generated. The MUTE output activates before the XMT SW 
output as shown in Figure 3. 

Signal Inputs (Row and Column Inputs): These inputs do 
not have a fixed pull-up or pull-down internal resistor, or a 
fixed logical level. Logic levels at the Inputs are deter
mined by Internal states of the device. An input scan tech
nique is used so that the device can directly interface 
either 2·of-8 keypads with common switch arrangements 
or the single contact X-Y keypad:;. (See Figure 4.) 



Functional Description (Continued) 

KEY INPilT I I 

I I MUTE OPEN 

3mS-4m~ ~ ---I I~O.5m'-1.5mS 

XMTSW I OPEN I 
TONE OUTPUT OPEN WWWV\ OPEN 

FIGURE 3: Timing Diagram o. MUTE and XMT SW in 
Relation to Key Input and Tone Output 

TABLE I. FUNCTIONAL TRUTH TABLE (WITH "MODE SELECT" OPEN) 

Key/Binary Tone 
Row Column 

Tone Output 
XMTSW MUTE 

Select Disable Low Band High Band 

X 0 X X 0 0 0 0 
1 1 One One fL fH 1 1 
1 1 One Two or More fL 0 1 1 
1 1 Two or More One 0 fH 1 1 
1 1 Two or More Two or More 0 0 0 0 
0 1 Binary Open fL 

\ 
fH 1 1 

0 1 Binary C1=0 fL 0 1 1 
0 1 Binary C2=0 0 fH 1 1 
0 1 X C1 and C2=0 0 0 0 0 

TABLE II. FUNCTIONAL TRUTH TABLE FOR BINARY INTERFACE 

, 

Keyboard Binary Inputs 
Frequericies 

Inputs 
Generated 

C1 C2 R1 R2 R3 R4 'dHz) 'H(Hz) 

1 Open Open 0 0 0 1 697 1209 
2 Open Open 0 0 1 0 697 1336 
3 Open Open 0 0 1 1 697 1477 
4 Open Open 0 1 0 0 770 1209 
5 Open Op,en 0 1 0 1 770 1336 
6, Open Open 0 1 1 0 770 1477 
7 Open Open 0 1 1 1 852 1209 
8 Open Open 1 0 0 0 852 1336 
9 Open Open 1 0 0 1 852 14Tl 
0 Open Open 1 0 1 0 941 1336 

* Open Ope~ 1 0 1 1 941 1209 
# Open Open' 1 1 0 0 941 1477 
A Open Open 1 1 0 1 697 1633 
B Open Open 1 1 1 0 770 1633 
C Open Open 1 1 1 1 852 1633 
D Open Open 0 0 0 0 941 1633 

0 Open Valid ' fL -
Open 0 Binary - fH 

0 0 Inputs 1/2 Voo 1/2 Voo 

, 
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Functional Description (Continued) 

INTERNAL CIRCUITRV 
TABLE III. OUTPUT FREQUENCIES 

Desired Freq. (Hz) 
Inputs 

fL fit 

R1 697 
R2 770 
R3 852 
R4 941 
C1 1209 
C2 1336 
C3 1477 
C4 1633 

Typical Application 

Actual' 
Percent 

Frequency 
(Hz) 

Deviation 

699.1 0.306 
766.2 -0.497 
847.4 -0.536 
948.0 0.741 
1215.9 0.569 
1331.7 -0.324 
1471.9 .,.0.35 
1645.0 0.736 

NAI2 

INTERNAL CIRCUITRV 

Vss 

FIGURE 4a. Standard· Dual Contact Telaphone Key 

COLUMN INTERNAL CIRCUITRV 

INTERNAL CIRCUITRV 

FIGURE 4b. Single Contaci' Key 

Note 1: All resistances are In ohms. 
Nota 2: TARt circuit UAAd to mA;I~llrA slon~llr:avf;ll$ and distortion. 

ADDED CIRCUITRV 

r-
I 
I 
I 
I 
I 
I 
I , 

---------, 
I 
I 
I 
I 
I 
I 
I 
I 
I' _____ ..J 

-----------~-------~ GN_-~AJ~, ~. I 
NC 

- NB 

NA12 

FIGURES 
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~National 
~ Semiconductor 

PRELIMINARY 

TP5600, TP5605, TP5610, TP5615 Ten-Number 
Repertory Pulse Dialers 

General Description 
The TP5600, TP5605, TP5610, TP5615 are monolithic Inte
grated circuits built using National's advanced P2CMOS 
process (double poly-silicon gate CMOS). They provide all 
logic necessary to convert keypad Inputs into a series of 
pulses simulating rotary telephone dialing. An on-chip 
memory provides storage for nine telephone numbers plus 
the last number dialed, each up to 16 digits in length. The 
simple control scheme needs only 2 key entries to store a 
number or initiate automatic dialing of a stored number. This 
control scheme is the same as that used on the TP5650 reper
tnry DTMF generator so that no user re-education is 
necessary when converting from pulse to tone dialing. For 
PBX applications, the first 1 or 2 digits may be overwritten to 
obtain a second dial tone prior to automatic dialing. Two out
puts are provided to control pulsing of the telephone line and 
muting of the receiver. The low voltage and low current re
quirements of this device allow direct telephone line 
powered operation for dialing. A small battery is recom
mended for on-hook memory retention. 

Block Diagram 

ROW 1 

ROW 2 13 
ROW 3 12 
ROW 4 11 

COll 

COL 2 
COL3 

r 
1 

1 

1 
L 

OSC AND TIMING 
CONTROL 

Vss 

Vss 

Features 
• 2V, 150 p.A telephone-line powered operation 

• 1 p.A memory retention current 

• Stores and auto-dials ten 16-digit numbers 

• Last-number-redial included 
• Scratch pad (number storage without dialing) 

• Control key scheme-same as TP5650 OTMF repertory 
dialer 

• 2-dlgit overwrite for PBX access codes 

• Voltage regulator on-Chip 
• ~G 0~"ilh'tnr with ± 3% freauencv stability 

• Single-contact or negative-common key inputs 

• TP5600, TP5605 for pulsing loop in shunt with speech 
network 

• TP5610, TP5615 for pulsing loop in series with speech 
network 

• TP5605, TP5615 have lOP select and 10/20 pps select 

-, 
ON/OFF . I 

~':;";"""-------, 

PULSE AND 
MUTE TIMING 

CONTROL 

(14) 

115 

116 

110 

I 
I 
1 

1 

.J 

HOOKSWITCH 

PULSE OUTPUT 

MUTE OUTPUT 

± lOP SELECT 
(TP5605. TP5615 ONLY) 

FIGURE 1 
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Absolute Maximum Ratings 
DC Supply Voltage (Voo-Vss) 6V 
Voltage on Any Pin V DO + 0.3V to V l?S - 0.3V 
Operating Temperature (TAl -30·Cto + 70·C 
Storage Temperature -55·Cto + 150·C 

Maximum Power Dissipation (25·C) 500mW 

DC Electrical Characteristics TA witl')in operating temperature range, 2V < Voo<5V unless otherwise specified 

Parameter Conditions Min 1YP Max Units 

DC Operating Current Voo=2V (Note 1) 150 /LA 
Voo=5V (Note 1) 1 rnA. , 

Memory Retention Current On·Hook, V DO = 2V 1 tLA 

PULSE Sink Current Voo=2V, VouT=0.5V 50 ,.A 
PULSE Source Current Voo=2V, VOUT= 1.5V 150 tLA 

MUTE Sink Current Voo=2V, VouT=0.5V 50 tLA 

MUTE Spurce Current Voo =,2V, VOUT= 1.5V 150 tLA 

Logic '0' Level Input Vss 0.2 Voo 

Logic '1' Level Input 0.8Voo Voo 

Keyscan Pull·Up Resistance 100 kG 

Keyscan Pull·Down Resistance 4 kG 

Keypad Contact Resistance 1 kG 

Keypad Capacitance 30 pF 

HOOKSWITCH Pull·Up Resistance 100 kG 

AC Electrical Characteristics TA within operating temperature range, 2V < Voo<5V unless otherwise specified 

Parameter Conditions Min lYP Max Units 

Oscillator Frequency 8 kHz 

Oscillator Stability Internal Regulator Connected, -3 
'.1 

3 % 
150 tLA< 100<300 tLA , 

Keypad Debounce Time OSCIN=8kHz 9 11 ms 

Oscillator Start·Up Time Voo=2V 5 ms 

Pulse Rate 10 pps 

BREAK Time BREAK/MAKE = V DO 60 ms 
BRE,AK/MAKE = V ss 66 ms 

Note 1: Off·hook. HOOKSWITCH pin connecled to VSS. all outputs open. 



Connection Diagrams 
Dual-In-Line Package 

Voo ...!. 
10/20 pps SELECT2. 

COL1 2 
COL2~ 
COL 3.1 

VSS..!. 

OSC IN...! 

OSC OUT....! 

v 

TP5600, TP5610 

TOP VIEW 

2!PULSEOUT 

2! HOOKSWITCH 

~ROWl 
r!! ROW 2 

~ROW3 
~ROW4 
r!!!- MUTE OUT 

~ BREAK/ MAKE SELECT 

Order Number TP5600N or TP5610N 

Pin Descriptions (Pin numbers refer to TP5600, 
TP5610) 

Voo'(pin 1): This is the positive supply to the device and is 
referenced to Vss (pin 5). An active zener regulator is con· 
nected on-chip between Voo and Vss (see pin 5), and the 
device is intended to be powered from a current-limited 
source. This regulator is turned off and effectively discon
nected when the device is in the on·hook state in order to 
minimize current consumption. Power-on reset and low
voltage detect circuits ensure correct operation following 
power-up or reduction of the on-hook supply voltage below 
that required to retain stored data. 

Keypad Inputs (pins 3, 4, 5, 11, 12, 13 and 14): A valid key en
try is defined as either connecting a single row to a single 
column or connecting Vss simultaneously to a single row 
and a single column. This allows direct interface to an in· 
expensive single-contact (form A) keypad, the standard 
2-of-7 keypad with negative·common, or logic·generated 
inputs. 

Vss(Pin 6): This is the negative supply. 

OSC IN, OSC OUT (pins 7, 8 on TP5600, TP5610 only): The 
device contains an on·chip oscillator circuit designed to 
work with a ceramic resonator at 480 kHz in anti· resonant 
mode. 2 external capacitors are required, typically 100 pF 
each. The circuit may also be driven with an external 
480 kHz source on OSC IN. 

OSC IN, OSC OUT, OSC OUT (pins 7, 8 and 9 on TP5605, 
TP5615 only): The device includes a stable on-chip 
oscillator circuit designed to work with the component 
values shown in Figure 3. The circuit may also be driven 
with an external 8 kHz source on OSC IN (pin 6). 

On all devices, the oscillator runs only while the device is 
scanning the keypad and/or timing storage or outpulsing 
functions. 
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Dual-ln·Line Package 

Voo..! 

10/20 pps SELECT.! 

COL 11-

COL 2.! 

COL 3.! 

6 
Vss-

OSC IN.! 

OSC OUT.! 

OSC OUT.! 

U 1!! PULSE OUT 

1! HOOKSWITCH 

~ROWl 

~ROW2 
TP5605, TP5615 ~ lOP SELECT 

~ROW3 
~ROW4 
t2! lilUf£ OUT 

. t!!! BREAK/MAKE SELECT 

TOP VIEW 

Order Number TP5605N or TP5615N 

BREAK/MAKE SELECT (pin 9): The BREAK/MAKE ratio is 
selected by connecting this pin as follows: 

Input to BREAK/MAKE Pin 

Voo 
Vss 

PULSE Output 
BREAK MAKE 

60% 40% 

66% 34% 

MUTE OUT (pin 10): This is a CMOS output designed to 
drive a simple interface circuit to mute the receiver during 
outpulsing. See the timing diagram for lurther details. 
HOOKSWITCH (pin 15): This input has a 100 kG internal 
pull-up resistor to Voo. Allowing this pin to float, or con
necting a Voo level puts the circuit !n the on-hook, low 
power idle mode. It also turns off the active zener regulator. 

Connecting this pin to V ss puts the circuit in the off-hook 
mode, ready to accept key inputs and generate outpuls
ing. It also turns on the zener regulator to limit the voltage 
across the device. See Applications Information for fur
ther information. 
PULSE OUT (pin 16): This is a CMOS output designed to 
drive a simple interface circuit to pulse the telephone line 
with the correct BREAK/MAKE ratio, IDP timing and pulse 
rate_ 

lOP SELECT (TP5605, TP5615 only): The Inter-Digital 
Pause period is selected by connecting this pin as follows 
(no pull-up resistor is provided): 

Inputto lOP Pin 

Voo 
Vss 

lOP Period 

825 ms 
525 ms 

10/20 pps SELECT (pin 2): For normal 10 pps dialing, con
nect this pin to Vss, Connecting this pin to V oodoubles the 
rate of all PULSE OUT and MUTE OUT timing. 

-I 
"tJ 

~ .. 
-I 
"tJ en 

J 
-I 
"tJ en en ..... 
5' 
-I 
"tJ 
~ . ..... 
en 



Il) 
~ Timing Diagram co 
Il) 
0.. ON-HOOK I-

'" 0 
~ co 
Il) 
0.. 
I-

'" Il) 
0 

~ 
0.. 
I-.. 
~ 
0.. ROWSCA8" 
I-

TP5600. TP5605 

PULSE OUT 

MU'i'E OUT 

loB lOP 

TP5610. TP5615 

PULSE OUT, 

PPP 
~ (NOTE 1) 

;--___ 1-" ~ -, r----: 
Miif[OUT ..J ,L--.....J L-J 1", ____ _ 

Nolel: PPP Is a pre-pulsing pause equal 10 1 MAKE period. 

Nole 2: A mask option of MUTE continuously active low during IhelDP Is available a. a mask option. 

FIGURE 2 

9-284 . 



Functional Description 
The timebase for this family of repertory dialers is de· 
rived from a stable RC oscillator connected as shown in 
Figure 3. In the on·hook condition, the oscillator is 
stopped and all keypad inputs inhibited. After going off· 
hook, the oscillator remains off and the keypad inputs go 
to a static sensing mode. 'Upon sensing a single key clo· 
sure, the oscillator starts, and the row and column inputs 
are alternately scanned at a 500 Hz rate. When a key clo· 
sure remains valid for the required debounce time, the key 
is interpreted in accordance with Table I. During manual 
dialing, valid digit keys are entered into the last·number· 
dialed register (register 0) in sequence and outpulsed at 
the nominal 10 pps rate. A manually dialed number may be 
entered rapidly and may exceed 16 digits without limit, 
provided no more than 15 digits remain to be outpulsed. 
Automatic dialing is inhibited, however, if an attempt is 
made to store more than 16 digits in any register. When no 
further digits remain to be outpulsed, the oscillator stops 
and key inputs return to the static sensing mode awaiting 
further keys or a return to the on·hook condition. 

TABLE I. CONTROL SCHEME 

Function Control Sequence 

Dial and store in register 0 lD, .... Dx 
No dial, store in register N only 1 * N D, .... Dx 
Scratch pad .... Dx * N D, ... Dy 

Copy last number to register N ... Dx(1 1) * N 1 
Auto·dial register N 1# N 
Last number redial 1#0 
PBX access I (D,)(D2l # 0 or N 

Note1: N is a long-term storage register numbered from 1-9. 

Note 2: 1 indicates on·hook to off·hook, I indicates off·hook to on·hook. 

Note 3: Entries in brackets may be omitted. 

NUMBER STORAGE 

Telephone numbers are stored in 10 registers, numbered 
0-9. Register contents can only be modified while off· 
hook. Register 0 always stores the last number which was 
manually dialed, and remains unchanged during auto
matic dialing. Numbers for long·term storage in registers 
1-9 are entered by *, then N and then the telephone 
number, where N is the register number. Other registers 
can be successively modified by entering a new *, N " 
followed by the telephone number. Once a * key is entered, 
no further outpulsing is possible until after an on· hook 
reset on the HOOKSWITCH pin. This facilitates the 
Scratch pad feature, whereby a number can be stored in a 
register without outpulsing during a conversation. The 
last number dialed manually is copied from register 0 to 
any of the long·term storage registers by entering *, N. 

An attempt to store more than 16 digits in a register will set 
an overflow flag to inhibit automatic dialing from that 
registe"r. The flag is reset following the next *, N entry to reo 
program that register. ' 
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DIALING 

Automatic dialing of the telephone number stored in any 
register is initiated by enfering #, then N. The keypad is 
then locked out until completion of outpulsing, after 
which further manual or automatic dialing is permitted. 

For PBX applications, a 1 or 2-digit access code may be 
entered prior to a #, N code. These access digits overwrite 
the previously stored digits at the start of register 0, the 
last·number·dialed register. The user then waiis for a sec· 
ond dial·tone before automatically dialing the required 
number. Note that if a 2-digit access code is entered 
followed by #, 0, register 0 is automatically dialed from 
location 3 onwards. Either a 1 or 2-digit access code 
followed by #, 0, however, automatically dials register N 
from location 1 onwards. This allows the most flexible use 
of registers 1-9. Thus, it is not necessary to store access 
codes in registers 1-9, either manually or by copying the 
last number dialed. 

Applications Information 
The TP5600 and TP5605 PULSE output is designed to drive 
a pulsing loop circuit in shunt with the speech network, as 
shown in Figure 3. During outpulsing, the MUTE circuit is 
turned off to isolate the speech network from the line. 02 
and 03 conduct during MAKE periods, R1 adjusts tele· 
phone pulsing resistance. 02 and 03 turn off during 
BREAK periods, loop current is then only the supply cur· 
rent to the device. 01 provides a current source of 200 p.A 
minimum to ensure that the device will have an adequate 
supply voltage. 

The TP5610 and TP5615 PULSE output is designed for a 
series pulsing loop, as shown in Figure 4. In this case, the 
MUTE circuit isolates only the receiver, so that current 
flows through the speech network while outpulsing MAKE 
,periods. 03 cuts off this current during BREAK periods. 

The on·hook current required for the device to retain data 
is low enough to allow this current to be drawn from the 
telephone line in certain applications. In this case, it is ad· 
visable to add an external protection zener diode, 
specified for very low leakage, as the internal regulator is 
turned off when the HOOKSWITCH pin goes high. A low 
leakage decoupling capacitor should also be specified. 

To protect stored data in the event of reduced line voltage 
(caused by an off·hook extension telephone, for example), 
a small back·up battery is recommended, as shown in 
Figures 3 and 4. 

The off·hook current source formed by JFET 01 and its 
source resistor must provide sufficient current to supply 
the repertory dialer plus the PULSE and MUTE loads when 
in their active states. ' 
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Applications Information (Continued) 
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10/20~ 

Vss 

RR 

FIGURE 3. TP5600 Shunt Dialer Application 
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TP5615 

OSC 
IN 

51k 390 pF 680k 

FIGURE 4. TP5615 Series Dialer Application 
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~National 
~ Semiconductor 

PRELIMINARY. "tJ 
UI 

TP5650, TP5660 Ten-Number Repertory DTMF Generators 

General Description 
The TP5650 and TP5660 are monolithic Integrated circuits 
built using National's advanced P2CMOS process (double 
poly-silicon gate CMOS). They Interface directly to a 
telephone keypad and generate all 16 standard dual-tone 
multi-frequency pairs required in tone dialing systems. An 
on-chip memo~y provides storage for nine telephone 
numbers plus the last number dialed, each up to 16 digits 
in length. The simple control scheme needs only 2 key en
tries to store a number or Initiate automatic dialing of a 
stored number. This control scheme is the same as that 
:..::::::! =:-: !!'!e :P5~OO fe.!'!"!!!~' t)f r'?!,)r:ortr:uy !,1I1~p. rliRIAr~ f;O 

that no user re-education is necessary when converting 
from pulse to tone dialing. The tone synthesizers are 
locked to an inexpensive 3.579545 MHz crystal for high ac
curacy. A MUTE OUT logic signal, which changes state 
when any key is depressed, is also provided. The low 
voltage and low current requirements of this device allow 
direct telephone line powered operation. A small battery is 
recommended for on-hook memory retention. 

Block Diagram 

3.579545 MHz 

3 I A 

6 I 8 

# I 0 

Features 
• 2.5V-12Voperation when generating tones 
• 2V operation of keyscan and MUTE logic 
• 1 p.A memory retention current 
• Stores and auto-dials ten 16-dlglt numbers 
• Last-number-redial included 
• Scratchpad (number storage without dialing) 
• TP5650 control key scheme same as TP5600 repertory 

pulse dialer 

• TP5660 has 14 keys-separate Store and Redial 

• 3.579545 MHz crystal-controlled oscillator 

• Low harmonic distortion 
• Single-contact or negative-common (2-of-8) key inputs 

Voo 

-------, 

_____ .J 

FIGURE 1 
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Absolute Maximum Ratings 
Supply Voltages (Voo- Vss) and (Voo- VM) 

Maximum Voltage at Any Other Pin 

Operating Temperature (f AI 
Storage Temperature 

Maximum Power Dissipation 

13V 

Voo + 0.3VtoVss- 0.3V 

-30·Cto +60·C 

-55·Cto + 150·C 

500mW 

Electrical Characteristics 2V <Voo< 10V, unless otherwise specified, TA within operating temperature range 

Parameter Conditions Min Typ Max Units 

Minimum Supply Voltage Swing G~nerating Tones 2.5 V 

TONE OUT Amplitudes RL = 1000 

Low Group Voo =2.5V 175 mVrms 
Vo=10V , 190 mVrms 

High Group Voo =2.5V 225 mVrms 
Voo=10V 240 mVrms 

High Group Pre·Emphasis 2 dB 

Mean DC Offset Generating Tones 
Voo =2.5V 0.7 V 
Voo=10V 2.8 V 

Dual TonelTotal Harmonic 1 MHz Bandwidth 20 dB 
Distortion Ratio 

Start-Up Time (to 90% Amplitude) 5 ms 

Tones-On Duration Automatic Dialing 72.3 ms 
Tones-Off Duration Automatic Dialing. 72.3 ms 

Supply Current, 100 
Idle Voo=5V 20 p.A 
Generating Tones RL= 10 kO 2 mA 

Battery Current, 1M On·Hook, Vss Open 2 p.A 
MUTE OUT Sink Current Voo=2.5V, Vo=0.5V 0.2 mA 
MUTE OUT Source Current Voo= 2.5V, Vo= 1.5V 0.2 

, 
mA 

Column and Row Resistors 50 kO 

Connection Diagrams 

1 
/v 

.,!! TONE OUT 
1 V .,!! TONE OUT Voo- Voo-

VM..! ~NC VM..! ~ROW5 
COL 1.2 ~ROW1 COL 1.2 ~ROW1 

4 ~ROW2 COL2~ ~ROW2 COL2-
5 TP5650 

~ROW3 5· TP5660 12 
COL3- COL3- r-ROW3 

Vss..!. .!!. ROW 4 
6 11 

Vss- r-ROW4 

OSC IN..!.. .!!!.MUTE OUT OSCIN..!.. 
10 

r-MUTEOUT 
8 

OSCOUT- .!... COL 4 OSC OUT...!! r!- COL 4 

TOP VIEW TOP VIEW 

Order Number TP5650N Order Number TP5660N 

FIGURE2 
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Pin Descriptions 
VDD (pin 1): The positive supply to the device, referenced 
to Vss. A power-on reset'circuit ensures correct opera,tion 

'following initial power·up. 

VM(pln 2): The negative terminal of the back-up battery for 
on·hook memory retention. A low·voltage detect circuit 
prevents misoperation of the circuit in the event of a 
reduction in the on·hook supply voltage below that re
quired to retain stored data, 
COLUMN and ROW Scans (pIns 3, 4, 5, 9, 11, 12,13,14 plus 
pin 15 on TP5650 only): When no key is closed, pull·up 
resistors are active on COLUMN inputs and pull·down 
resistors are active on ROW inputs. After a key is closed 
the ROW pull·down resistors cause a negative·true on 
COLUMN inputs, which starts the oscillator and Initiates 
tone generation. 
Vss (pin 6): The negative supply to'the device In the off
hook state. An open·clrcult on this pin while back·up 
power is maintained on VM will reset the circuit. 
OSC IN, OSC OUT (pins 7 and 8): All logic and tone 
gAnerator timing is derived from the on·chlp oscillator cir· 
cult. A low cost 3.579545 MHz A·cut crystal (NTSC TV 
color·burst) must be connected between pins 7 and 8, 
load capacitors and a feedback resistor are included on· 
chip for good start·up and stability. The oscillator stops 
when automatic tone generation Is completed or there are 
no key closures. 
MUTE OUT (pin 10): This is a CMOS output which sinks 
current to Vss when no tones are being generated and 
sources current from V DO when tones are being generated. 
TONE OUT (pin 10): This output is the open emitter of an 
NPN transistor, the collector of which is connected to V DO. 
When, an external load resistor is connected from TONE 
OUT to Vss, the output voltage on this pin is the sum of the 
high and low group sine-waves superimposed on a DC off· 
set. When not generating tones, this output transistor Is 
turned off to minimize the device Idle current. 

Functional Description 
In the on·hook state, with power maintained for memory 
retention, the oscillator Is stopped, the output transistor Is 
pulled off and all keypad Inputs are inhibited. After going 
off·hook, the oscillator remains off and the key inputs go 
to a static sensing mode. A single key closure activates 
the MUTE OUTPUT and starts the oscillator and keyscan. 
A valid digit key sets the high group and low group pro· 
grammable counters to the appropriate divide ratio. These 
counters sequence two sine-weighted·capacitor O/A con
verters through a series of 28 equal·duration steps per 
sine-wave cycle. An on·chip voltage reference ensures 
good stability of tone amplitudes with variations In supply 
voltage and temperature. The two tones are summed by a 
mixer amplifier, with pre-emphasis applied to the high 
group tone. The output is an NPN emitter-follower requir· 
ing the addition of an external load resistor to Vss. This 
resistor facilitates adjustment of the signal current flow· 
Ing from V DO through the output transistor. 

Key inputs which are digits for manual dialing are not de
bounced prior to tone generation. Keys are debounced 
prior to being accepted as digits to be stored or as control 
keys (Table II). Upon completion of a manually or automati· 
cally dialed number, the oscillator stops and key Inputs 
return to the static sensing mode awaiting further keys or 
a return to the on·hook state. 
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TABLE I. OUTPUT FREQUENCY ACCURACY 

Tone Valid Standard Tone Out % Deviation 
Group Input DTMF(Hz) Frequency from Standard 

lOW ROW 1 697 694.8 -0.32 
GROUP ROW 2 770 ' 770.1 +0.02 

fL ROW 3 852 852.4 +0.03 
ROW 4 941 940.0 -0.11 

HIGH COL 1 1209 1206.0 -0.24 
GROUP COL2 1336 1331.7 -0.32 

fH COL 3 1477 1486.5 +0.64 
COL4 1633 1639.0 +0.37 

TABLE II. CONTROL SCHEME 

Function 

Dial and Store In Register 0 
No Dial, Store in Register N Only 
Scratchpad 
Copy Last Number to Register N 
Auto-Dial Register N 
Last Number Redial 
PBX Access 
• Tones 

# Tones 

Control Sequence 

1.o1 .... Ox 
ISN01 .... Ox 
I 01 ... Dx S N 01"'Oy 
... Ox(II)S N I 
IRN 
IRO 
I (01) (021 R 0 or N 

• (TP5660) 
•• (TP5650) Note 1 
# (TP5660) 
## (TP5650) Note 2 ' 

Nolel: • key Is also STORE key S on TP5650 
Nole 2: H key Is also REDIAL key R on TP5650 
Note 3: N is a long·term storage register numbered from 1-9 

Nole 4: t Indicates on·hook to off·hook, I Indicates off·hook to on·hook 
Nole 5: Entrie. In brackets may be omlttad 

NUMBER STORAGE 

S (for store) and R (for redial) entries refer to TP5660 only. 
• is shown In brackets to replace Sand # is shown In 
brackets to replace R on the TP5650 only. 

Telephone numbers are stored in 10 registers, numbered 
0-9. Register 0 always stores the last nurh~ which was 
manually dialed, and 'remains urtChanged during auto· 
matic dialing. Register contents can:orily',be modified 
while off·hook. ' 

Numbers are stored In long·term reglsterl! 1-9 by entering 
S,(.), then N and then the telephone nuniber, where N is 
the register number. Other reg'Ister¢ can .. be.successlvely 
modified by entering a'tiew S H" N,}e1I&wed by the tele
phone number. Once an S (*)'key, is'emered, no further 
digit tone outputs are possible untll'$fter an on·hook reset. 
This facilitates the Scra,tchpad feature; Whereby a number 
can'be stored in a register without tone outputs during a 
conversation. The last ,number dialed manually can be 
copied from register 0 to any of the long·term storage 
registers by entering S (.), N, then going on·hook. 

An attempt to store more than 16 digits in a register will set 
an overflow flag to Inhibit automatic dialing from that 
register. The'flag Is reset following the next S (.), N entry to 
re-program that register. 

DIALING 

In the manual dialing mode (I.e., direct dialing from the 
keypad), tone pairs are generated for the duration of a 
valid key closure. 

Automatic dialing of the number stored In register N Is in· 
Itlated by entering R (#) followed by N. The correct tone 
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Functional Description (Continued) 

pairs are generated in alternate bursts of tones-on, tones
off until the end of the stored number. During this time, the 
keypad is locked out until completion of dialing, f'ollowing 
which further manual or automatic dialing is permitted. 

For PBX applications 8.'1 or 2-digit'access code may be 
entered prior to the R (#), N code. These acqess digits over
write the previously-stored digits at the start of register 0, 
the last-number-dialed register. The user then waits for a 
second dial tone before entering R (#), N to automatically 
dial the stored number. 

Note that if a 2-digit access code is entered followed by R 
(#),0, register ° is automatically dialed from location 30n,
wards: Entering' either a 1 or 2-digit access code followed 
by R (#), N, automatically dials register N from location 1 

>20pF 

300 
1%. 

300 
RL* 

onwards. This allows the most flexible use of registers 
1-9. Note that access codes should not be entered into 

, registers 1-9, either manually or by copying the last 
number dialed. 

Applications Information 
Adjustment of the emitter load resistor results in variation 
of the mean DC current during tone generation; the slne
wave signal current through the output transistor, and the 
output distortion. Increasing values of load resistance 
decrease both the signal current and distortion, while in
creasing the source impedance of the device as seen from 
its power supply terminal. Note that the DTMF generator 
is a current source which modulates its own supply ter
minals in a conventional telephone application. 

Voo 

OSC IN 

TP5650 

OSC OUT 4.7 nF 

. TONE 
OUTPUT 

Vss 

I 
V 1% 

OV~-~~~~L-~~-----4~----~ • Adiust for desired amplitude 

FIGURE 3_. Amplitude !lnd Distortion Measurement Circuit 

KEY DOWN 

TONE OUT 

>1 ms 

<5 ms ms-5 ms 

MEMORY WRITE ____ ....,... ________ ....L.. ___ ~ __ T:..:;IM;;;;E~ 

FIGURE 4a. Manual Timing 
#00RPIN15 ______ -+ ________________________________ ~--~~ .. 

ACCEPTED 

TONE OUT 

, MUTE 

FIGURE 4b_ Auto-Redial Timing 
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~National a Semiconductor 
Industrial Blocks 

LHOO91 True RMS to DC Converter 

General Description 
The LH0091, rms to dc converter, generates a dc output 
equal to the rms value of any input per the transfer 
function: 

The device provides rms conversion to an accuracy of 
0.1 % of reading using the external trim procedure. 

±0.05% typl for decade ranges i.e., 10 mV -+ 100 mV, 
·0.7V .... 7V, etc. 

Block and Connection Diagrams 

'IN 

Order Number 
LH00910 

LH0091CO 
See Package 0160 

Simplified Schematic 

r 
I 
I 
I 

15 

14 

I ,. 
'I. c>- ... _>-'Wlr-< ..... ~ 

v+o!L--o 
v-oL-o 
GND~ 

Note: Dotted lines denote external connections. 

Features 
• Low cost 

• True rms conversion 

• 0.5% of reading accuracy untrimmed 

• 0.05% of reading accuracy with external trim 

• Minimum component count 

• Input voltage to ±15V peak for Vs = ±15V 

• Uncommitted amplifier for filtering, gain, or high 
t.:rt:~i Igt;i..Ut ,,;ulliiYUICli.iu,·, 

• Military or commercial temperature range. 

EOUT 
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Dual-In-Line Package 

M . M ~ 

VIN FEEDBACK Al f-I v+ lOUT) OUT AJ- fEEDBACK 

1,. 15 14 Il 12 11 ,. 9 

r--

, 

1 2 ] 4 5 • , JB 
-Nt Nt AS 1'1 ASH A2H A41-1 GND 

~ 
~ 

TOP VIEW 
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Absolu.te Maximum Ratings 

Supply Voltage ±22V 

Input Voltage ±15V peak 

Output Short Circuit Duration Continuous 

Operating Temperature Range TMIN TMAX 

LH0091 -55°C 125°C 

LH0091C -25°C 85°C 

Storage Temperature Range 

LH0091 -u5°C to +150°C 

LH0091C -25°C to +85°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics . Vs =±15V, TA = 25°C unless otherwise notes 

Transfer Function = EO (DC) = 'j ~ f: EIN2 (t) dt 

PARAMETER I CONDITIONS I MIN 

ACCURACY (See Definition of Terms) 

Total Unadjusted Error 50 mVrms ~ VIN ~ 7Vrms (Figure 71 

Total Adjusted Error 50 mVrms ~ VIN ~ 7Vrms (Figure 31 

Total Unadjusted Error vs Temperature -25°C ~ TA ~ +70°C 

Total Unadjusted Error vs Supply Voltage , 

. AC PERFORMANCE 

Frequency for Specified Adjusted Error Input = 7Vrms, Sinewave (Figure 31 30 

Input = 0.7Vrms, Sinewave (Figure 31 

Input = 0.1 Vr,!,s, Sinewave (Figure 31 

Frequency for 1% Additional Error Input = 7Vrms, Sinewave (Figure 31 100 

Input = 0.7Vrms, Sinewave (Figure 3)' 

Input = O.lVrms, Sinewave (Figure 3) 

Bandwidth (3 dB) Input = 7Vrms, Sinewave (Figure 3) 

Input = 0.7Vrms, Sinewave (Figure 3) 

Input = O.lVrms, Sinewave (Figure 31 ' 

Crest Factor Rated Adjusted Accuracy Using the High 5 

C!est Factor Circuit (Figure 5) 

INPUT CHARACTERISTICS 

Input Voltage Range For Rated Performance ±0.05 

. Input Impedance 4.5 

OUTPUT CHARACTERISTICS 

Rated Output Voltage RL::: 2.5 klL 10 

Output Short Circuit Current 

Output Impedance 

POWER SUPPLY REQUIREMENTS 

Operating Range ±5 

Quiescent Current Vs = ±15V 
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, 

, 

I TYP I MAX I UNITS 

'20, ±0.5 40, ±1.0 mV,% 

0.5, ±0.05 1, ±0.2 mV,% 

0.25, ±0.02% mV,%fC 

1 mVIV , , , 

70 kHz 

40 kHz 

20 kHz 

200 kHz 

75 kHz 

50 kHz 

2 MHz 

1.5 MHz 

0.8 , MHz 

10 

±11 Vpeak 

5 klL 

V 

22 rnA 

1 lL 

±20 V 

14 18 mA 



Op Amp Electrical Characteristics Vs =±15V, TA = 25"C unless otherwise notes 

PARAMETER CONDITIONS MIN TYP 

VOS Input Offset Voltage RS~ 10kn 1.0 

lOS I nput Offset Current 4.0 

IB Input Bias Current 30 

RIN Input Resistance 2.5 

AOL Large Signal Voltage Gain V@UT= ±10V. RL~ 2 kn 15 160 

Vo Output Voltage Swing RL=10kn ±10 ±13 

VI Input Voltage Range ±10 

CMRR Common-Mode Rejection Ratio RS~10kn 90 

PSRR Supply Voltage Rejection Ratio RS~10kn 96 

ISC Output Short·Circuit Current 25 

Sr Slew Rate (Unity Gain) 0.5 

BW Small Signal Bandwidth 1.0 

Typical Performance Characteristics 

Error vs Frequency Error vs Frequency 

1 10 EI 0.3 
O.7Vrm, 

'" 1= z '" 1= Ci z 
:5 Ci 

~ C·l.F 
~ 0: 

2Vrms :5 0.2 
~ 

0: 0: 
~ 

~ fJjfIL.F 

Q 

C Q 0: 

0: 0.1 C 1 ffi 
'" ~ !; 0: 

ffi " ~ 0.1 0: I-

~ ~ I·M => 

H 
Q 

011 ,·nm " Q 11 0.01 0.1 L- 0 
lk 10k lOOk 1M 10 100 lk 10k 

FREQUENCY (H,I FREQUENCY (Hz) 

Typical Applications (All applications require power supply by-pass capacitors.) 

LH0091 

CEXT ~ l"F; frequency ~ 1 kHz 

FIGURE 1. LH0091 Basic Connection (No Trim) 
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MAX UNITS 

10 mV 

200 nA 

500 nA 

Mn 

V/mV 

V 

V 

dB 

dB 

rnA 

V/"s 

MHz 

Error YS Crest Factor 

BAJ I I 
CONNECTION 

V ~~ 

V ~~ 
...... ~ 

HIGH CREST-
j......' 

~ 
FACTOR CIRCUIT 
t I I r I 

THIS TEST IS DONE WITH A PULSE TRAIN 
Vp = lav, PW=lOOjl$ DUTY CYCLE CHANGED 
TO OBTAIN OlfF£RENT tREST fACTORS 

1 2 3 4 5 6 7 B 9 10 

CREST FACTOR 

r-
:J: 
0 
0 
CD .... 
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Typical Applications (Cont'd) 

RT"240~ 

.CEXT ~ I/1F, f ~ 1 kHz 

R3 
1l1li 

v+ o-->N","~J v-

r-----~~------t-~·OUT 

LH0091 

Note. The easy trim procedure is used for ae coupled input 
signals. It involves two trims and can achieve accuracies of 2 mV 
offset ±0.1 % reading. 

Procedure: 
1. Apply 100 mV rms (sine wave) to input, adjust R3 until 

;the output reads 100 rnVOC. 
2. Apply 5 V rms (sine wave) to input, adjust R4 u~til the 

output reads 5 VOC. 
3. Repeat steps 1 and 2 until the desired initial accuracy is 

achieved. 

FIGURE 2. LH0091 "Easy Trim" (For ac Inputs Onlv) 

R3 

Rl = de symmetry balance V. o-.... ""O"'k"....-o v-
R2 = Input offset 
R3 .. Output of~et 
R4 .. Gain adjust 

y+ 

"IN 

R2 
CEXT 10k 

V-

12 11 

LHOO91 

3M 

'OUT 

R4 
600 

10 

Note. This procedure will give accuracies of 0.5 mV offset 
±0.05% reading for inputs from 0.05V peak to 10V peak. 

Procedure: 
1. Apply 50 mVOC to the input. Read and record the output. 
2. Apply -50 mVOC to the input. Use R2 to adjust for an 

output of the same magnitude as in step 1. 
3. Apply 50 mV to the input. Use R3 to adjust the output for 

50mV. 
4. Apply -50 mV to input. Use R2 to adjust the output for 

50mV. 
5 .. Apply ±10V ellernately to the input. Adjust Rl until the 

output readings for both polarities are equal (not necessary 
that they be exactly 1 OV). 

6. Apply 10V to the input. Use R4 to adjust for 10V at the 
output. 

7. Repeat this procedure to obtain the desired accuracy. 

FIGURE 3. LHOO91 Standard de Trim Procedure 
FILTERED 

OUTPUT ... __________ ., 

LHOq!ll 

RI 

lIIote. The additional op amp in the LH0091 may be used as a 
low pass filter as shown in Figure 4. 

CI 

RI 

Cl ~C2= I/1F 
fo ",10Hz 

FIGURE 4. Output Filter Connection Using the Internal Op Amp 

9·294 



Typical Applications (Cont'd) 

10k 
y+Oo .... "",..,.-Oy-

3M 

ZOk 
'INo-"""M...-IK 

r::--I:-:-+:::-+::-",+-o'OUT 

y- 40k ':" 

10k 

Note. When converting signals with a crest factor ~ 2, the 
LH0091 should be connected as shown. Note that this circuit 
utilizes a 20k resistor to drop the input current by a factor of 
five. The frequency response will correspond to a voltage which 
is 1/5 eiN. 

Note that the extra op amp in the LHOO!11 may be used to 
build a gain of 5 amplifier to restore the output voltage. 

'IN 

'OUT 

10k 

Note. Response time of the de output voltage is dominated 
by the RC time 'constant consisting of the total resistance 
between pins 9 and 10 and the external capacitor, Cex. 

FIGURE 5. High Crest Factor Circuit 

Definition of Terms 

True r!llS to de Converter: A device which converts 
any signal (ac, dc, ac + dc) to the dc equivalent of the 
rms value. 

Error: is the amount by which the actual output differs 
from the theoretical value. Error is defined as a sum of a 
fixed term and a percent of reading term. The fixed 
term remains constant, regardless of input while the 
percent of reading term varies with the input. 

Total Unadjusted Error: The total error of the device 
without any external adjustments. 

Bandwidth: The frequency at which the output de 
voltage drops to 0.707 of the dc value at low frequency. 
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Frequency for Specified Error: The error at low fre· 
quency is governed by the size of the external averaging 
capacitor. At high frequenCies, error is dependent on the 
frequency response of the internal circuitry. The fre· 
quency for specified error is the maximum Input 
frequency for which the output will be within the 
specified error band (i .e., frequency for 1 % error means 
the input freq4ency must be less than 200 kHz to 
maintain an output with an error of less than 1 % of the 
initial reading. 

Crest Factor: is the peak value of a waveform divided 
by the rms value of the same waveform. For high crest 
factor signals, the performance of the LH0091 can be 
improved by using the high crest factor connection., 



, 

~National 
~ Semiconductor 

Industtial Blocks 

LH0094 Multifunction Converter 
General Description 
The LH0094 multifunction converter generates an output 
voltage per the transfer function: 

- Eo = Vy • ~z)_m, 0.1 ~ m ~ 10, m continuously 
,\Ix adjustable 

m is set by 2 resistors. 

Features 
• Low cost 
• Versatile 
• High accuracy-0.05% 
• Wide supply range-±5Vto ±22V 

Block -and Connection, Diagrams 

vz 
v. 

vy 

Order Number 
LHOOS40 

LH0094CD 
See Package 0160 

Simplified Schematic 
12 

13 
V. 

lOOk 

'::' 

V, 
lOOk 

16 

Vy 
tOOk 

'::' 

E. 
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• Minimum component count 
• Internal matched resistor pair for setting m = 2 and 

m =0.5 

Applications 
• Precision divider, multiplier 

• Square root 

• Square 
•. Trigonometric function generator 

• Companding 

• Linearization 
• Control systems 

• Log amp 

Dual-In-Line Package 

LH0094 

E. Vy M- ·V- RA RCoMMoN RS 

TOP VIEW 

1 E. 

~ g 100 !1 lOB !8 



Absolute Maximum Ratings 
Supply Voltage ±22V 
Input Voltage ±22V 
Output Short·Circuit Duration Continuous 
Operating Temperature Range 

LHOO94CD -25°C to +85°C 
LH0094D -55°C to +125°C 

Storage Temperature Range 
LH0094D -65°C to +150°C 
LH0094CD -55°C to t125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics Vz m 
Vs = ±15 v, TA = 25°C unless otherwise specified. Transfer function: Eo = Vy -; 

0.1 .. m .. 10; OV" V., Vy, Vz " 10V V. 

LH0094 LHOO94C 
Parameter Conditions Units 

Min. Typ. Max. Min. Typ. Max. 

Accuracy 

Muilipiy 1- VNv ..... " .. _ .. - _. ... ~ ...... \ 
co= \V.v" ~ Vy 'll::t IVY; V.VI ~ Vz ~ IVV) 

I I I I I I I~~ i.:::. 

Untrimmed (Figure 2) - 0.25 0.45 0.45 0.9 (10V) 
External Trim (Figure 3) 0.10 0.1 % F.S. 

vs. Temperature 0.2 0.2 mVrC 

Divide Eo=1OVzN. 
Untrimmed (Figure 4) 0.5 .. V ... 10; 0.01 .. Vz .. 10) 0.25 0.45 0.45 0.9 % F.S. 
External Trim (Figure 5), (0.1 .. V ... 10; 0.01 .. Vz .. 10) 0.10 0.1 % F:S. 

vs. Temperature 0.2 0.2 mV/oC 

Square Root Eo = 10VVzl1O 
Untrimmed (Figure 8), (0.03 .. Vz ..; 10 0.25 0.45 0.45 0.9 % F.S. 
External Trim (Figure 9), (0.01 .. Vz " 10 0.15 0.15 % F.S. 

Square \ Eo = 10 (Vz/10)2 (0.1 .. Vz " 10) 
Untrimmed (Figure 6) 0.5 1.0 1.0 2.0 % F.S. 

External Trim (Figure 7) 0.15 0.15 % F.S. 

Low Level Eo=V10Vz; 5.0mV .. Vz .. 10V (Figure 10) 0.05 0.05 % F.S. 
Square Root 

Exponential m =0.2, Eo =10 (VzI10)2 (Figure 11), (0.1 .. Vz " 10) 0.05 0.08 % F.S. 
Circuits m =5.0, Eo = 10 (Vzl10)5 (Figure 11), (1.0 .. Vz " 10) 0.05 0.08 % F.S. 

Output Offset 

I V.=10V, Vy=Vz=O I I 2.0 I 5.0 I I 5.0 I 10 I mV 

AC Characteristics 

3dB Bandwidth m=1.0, V.=10V, Vy=0.1V,ms 10 10 kHz 

Noise 10Hz to 1.0kHz, m=1.0, Vy=Vz=OV 
V.=10V 100 100 "V/rms 
V.=0.1V 300 300 W/rms 

Exponents 

m 

I I o:~o I O'~oto I I o:~o I O'~oto I I 
Input Characteristics 

Input Voltage (For Rated Performance) 0 10 0 10 V 

Input Impedance (All Inputs) 98 ' 100 98 100 kQ 

Output Characteristics 

Output Swing (RL" 10k) 10 12 10 12 V 

Output Impedance 1.0 1.0 Q 

Supply Current (Vs = ±15 V), Note 1 3.0 5.0 3.0 5.0 mA 
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I Applications Information 

:x:: 
..J 

GENERAL INFORMATION 

Power supply bypass capacitors (0.1 IlF) are recom· 
mended for all applications. 

The LH0094 series is designed for positive input signals 
only. However, negative input up to the supply voltage 
will not damage the device. 

A clamp diode (Figure 1) is recommended for those 
applications in which the inputs may be subjected to 
open circuit or negative input signals. 

For basic applications (multiply, divide, square, square 
root) it is possible to use the 'device without any exter· 
nal adjustments or components. Two matched resistors 
are provided internally to set m for square or square 
root. 

When using external resistors to set m, such resistors 
should be as close to the device as possible. 

SELECTION OF 'R'ESISTORS TO SET rh 

Internal Matched Resistors 

RA and RB are matched internal resistors. They are 
lOOn ±10%, but matched to 0.1%. 

(a) m = 2* 

*No external resistors required. strap as indicated 

External Resistors 

The exponent is set by 2 external resistors or it may 
be continuously varied by a single trim pot. fR 1 + 
R2~500n. 

(a) m = 1 
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(b)m<l 

(e) m> 1 

R2 
m = --- R1 + R2 '" 200n 

R1 +R2 

R1 + R2 ~J m=---
R2 

ACCURACY (ERROR) 

The accuracy of the LH0094 is specified for both exter· 
nally adjustep and unadjusted cases. 

Although it is customary to specify the errors in percent 
of full·scale (10VI. it is seen from the typical perfor· 
mance curves that the actual errors are in percent of 
reading. Thus, the specified errors are overly conserva· 
tive for small input voltages. An example of this is the 
LH0094 used in the multiplication mode. The specified 
typical error is 0.25% of full·scale (25 mV). As seen 
from the curve, the unadjusted error is'" 25 mV at 10V 
input, but the error is less than 10 mV for inputs up to 
1 V. !\Iote also that if either the multipl icand or the 
multiplier is at less than 10V, (5V for example) the 
unadjusted error is less. Thus, the errors specified are at 
full.scale-the worst case. I ' 

The LH0094 is designed such that the user is able 
to externally adjust the gain and offset of the device
thus trim out all of the errors of conversion. In most 
applications, the gain adjustment i.s the only external 
trim needed for super accuracy-except in division 
mode, where a denominator offset adjust is needed 
for small denominator voltages. 

EXPONENTS 

The LH0094 is capable of performing roots to 0.1 and 
powers up to 10. However, care should be taken when 
applying these exponents-otherwise, results may, be 
misinterpreted. For example, consider the 1/10th 
power of a number: i.e., 0.001 raised to 0.1 power is 
0.5011; 0.1 raised to the 0.1 power is 0.7943; and 10 
raised to the 0.1 power is 1.2589. Thus, it is seen that 
while the input has changed 4 decades, the output has 
only changed a little more than a factor of 2. It is also 
seen that with as little as 1 mV of offset: the output will 
also be greater than zero with zero input. 



Applications Information (Continued) 

1. CLAMP DIODE CONNECTION 

01 
lN914 

---J+--.....-----. 
Vx 0---...... 1--+-.., 

ED 

Vyo---..I 

LHo094 

Eo = Vy (~:) 
m 

0.I5.m5.10 

Note. This clamp diode con
nection is' recommended for 
those applications in which 
the inputs may be subject to 
open circuit or negative signals. 

FIGURE 1. Clamp Diode Connection 

2. MULTIPLY 

Vx 
lo.ooV o--+---t-+---. 

LHo094 

ED = Vy Vz 0-,-+-..1 
10 
Vy 0-,-+--..... 

FIGURE 2a. LH0094 U~ed to Multiply (No External Adjustment) 

01 
lN914 

~ 
C 
a: 
0 
a: 
ffi 

loV REF r--*--
(LHo07o OR 0-----------+--, 

LHo075) 

Rl 
2M 

ED = Vy Vz o-----+-+-..... 
10 R2 

10k 

, 0.4 
MULTIPLY 

0.3 
ED = VyVz 

10 
WITHOUT EXTERNAL 
ADJUSTMENTS 

0.2 II 
Vy = IOV 

0.1 / 
~ ~ 

~~ Vr,1iul o 
o 0.1 10 

Vz (V) 

FIGURE 2b. Typical Performance of 
LH0094 in Multiply Mode Without' 
External Adjustment 

Vz 

Eo= VyVz m=1 
10 

Trim Procedure 

Set Vz = Vy = 10V 
Adjust R2 until output = 10,000V 

FIGURE 3. Precision Multiplier (0.02% Typ) with 1 External Adjustment 
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Applications Information (Continued) 

3. DIVIDE 

Eo = 10 Vz 0--+--'" 
V. 

Vy = 10V REF 0---------' 

01 
lN914 ... --*--I 

I 
I 
I 

LH0094 

FIGURE 4a. LH0094 Used to Divide (No External Adjustment) 

V. 

Vz 

V-

0.4 
DIVIDE 

O.l 

Vz 
Eo = 10 -

V. 

;;;; 
..: 
C 0.2 

WITHOUT EXTERNAL 

ADJW~iI~TS 
a: 
Q 
a: 

V.= 0.5V,! 

a: 
w 

0.1 
;/ V.=lV/ 

i-' MV.=10V ,. I--" ·111111 II o 
o 0.1 10 

Vz(V) 

FIGURE 4b. Typical Performance, Divide Mode, 
Without External Adjustments 

Rlf - .. 10k . I 

":" ~ ~~91~ 
r-______ ~I_~V~+--+__i--~-J Trim Procedures 

Apply 10V to Vy • O.1V to Vx and Vz. 
Adjust R3 until Eo = 10.000V. 

Apply 10.000V to all inputs. 
Adjust R2 until Eo = 10.000V 

Repeat procedure. 

m = 1 

10V R~~ . lRO~ 

Rl 
2M 

A3- V+ 

Eo Vy 

11 

12 
V

z Ei Eo= 10-:=! 

(LH0070 OR --... -----...1 
LH0075) 

Vz 

Vx Al- GND Vz . 

LH0094 

RA RB 
V-

1
3 

14 g 16 P 18 

V-

FIGURE 5. Precision Divider (0.05% Typ) 

4. SQUARE 01 
lN914 

r-------+---j+--
VxD---------_i---. 

Eo 

Vyo---'" 

( Vz) 2 
Eo=Vy Vx 

..-+-oVz 

FIGURE 6a. Basic Connection of LH0094 (m = 2) without 
External Adjustment Using I nternal Resistors to Set m 
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0.5 
SQUARING 2 / Eo=10 (~~) 

0.4 

WITHOUT EXTERNAL 
~ 
~ 0.3 

J ADJUSTMENT 

'I a: 
Q 
a: 
a: 
w 

0.2 J 

I 
~ '" -l-I-' I--" 

0.1 

o 
o 1 2 3 4 5 6 7 B 9 10 

Vz(V) 

FIGURE 6b. Squaring Mode without 
External Adjustment 



Applications Information (Continued) 

4. SQUARE (Continued) 

V+ 

r-h16 Y15 

Eo 

Vy 
10V REF 0 

Rl > 
2M .> 

R2 

.A~~ y. 
L......J 

A3-

Eo Vy 

11 2 

01 
lN914 

--* --
14 13 112 

Vx 

lH0094 

A4-

3 14 b5 

V-

rl 

11 10 h 
Vz 

~RA > RB 

6 7 _~ 

/ -

- Vx 
10V REF 

Vz 

Tri m Procedure 

IV 10V to Vz App 

Adjust R2 for 10.000V at output 

FIGURE 7. Precision Squaring Circuit (0.15% Typ) 

5. SQUARE ROOT 

0.4 

0.3 
Vz .,; 

..; 

SQROO~ Vz 
Eo=10 10 

WITHOUT EXTERNAL 7 
ADJUSTMENT 

Vxo---------t-~--~ 

C 
0.2 a: 

0 
a: 
a: 
w 

0.1 
/ 

Eo 0--+--..1 o 
Vy 0--+------' O' 0.1 10 

(Vz) 1/2 
Eo= Vy Vx 

VZ(V) 

FIGURE 8a. Basic Connection of lH0094 (m = 0.5) 
without External Adjustment Using Internal Resistors 

FIGURE 8b. Typical Performance Curve Square Root, 
No External Adjustment 

to Set m 

01 r-

Vx 0-____________________ ..,1 N91;" 
10V REF -+ 

Rl 
2M 

Eo 0---------1--.... 
R2 
10k 

Vyo--JV\~-4~-----' 
10V REF 

lH0094 

A4- V-

FIGURE 9. Precision Square Rooter. (0.15% Typ) 
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.... --1:....0 Vz 

Hz 
Eo = 10 -

10 

Trim Procedure 

Apply 10V to all inputs. 
Adjust R2 until Eo = 10.000V 



Applications Information (Continued) 

6. LOW LEVEL SQUARE ROOT 

01 
IN914 

r---f+--
E~~--~------------~~., 

IOV 
RZ 
10k 

V+ 

(LH0070 C>-..J\M_ ... --..1 
OR LHOP75) 

LH0094 

V-

6 

m=1 

Eo = 10 Vz 
Eo 

E02 = 10Vz 

:. Eo =.J1O Vz 

5mV$Vz $IOV 

Trim Procedure 

Set Vz = 10V 
Adjust A2 until output = 10.OOOV 

FIGURE 10. 3-Decade Precision Square Root Circuit Using the LHOP94 with m = 1 

Typical Applications 

01 
~ IN914 

_ __ ~r--*--n 
I~~O ~ I I ~ 

(
V m 

Eo = 10 I~) 
r--+-+-Dvz 

Eo ~-------I--...1 

Vyc~~~~-o-----...I 
10V RZ 

10k Trim Procedure 

Apply IOV to all inputs 

Adjust A2 for output of IO.OOOV 

For m = 0.2 For m = 5 

9'0 9'4 , RI 93 
R2 . 

~ 
. RZ ~'O RI ,~'4 ~3 

~ -
A2 

IT) = ---; Choose A I = 200n 
AI +A2 , :. R2= 50n 

AI + A2 
m = ---; Choose A2 = 50n 

A2 :. AI = 200n 
I 

FI~URE 11. Precision Exponentiator (m = 0.2 to 5) 
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Typical Applications (Continued) 

Im= 1) R 

IVIlo--t ...... -IVy >-_,--oVO 

10 

LH0094 Eo t----''V\,.,~I--t~~ 

... -----+-OIV21 

R R 

VO+V2 

R 

Note. The LH0094 may be used to generate a voltage equivalent to: 

VO = .jV1 2 + V22 

V1 2 
VO= V2+ ---

VO+V2 

V02+VOV2=V2 VO+V22+VI2 
V02 = V1 2 + V22 

VI. V2 O'-IOV 

R'" 10k 
National Semiconductor resistor array RA08-10k is recommended 

FIGURE 12. Vector Magnitude Function 

Im=l) Im= 1) 

Eo = 10~ ,... .......... --1....... Vr 
1------tVV 

........ -0 Eo 

Note. The LH0094 may be used in direct measurement of gas flow. 

(PAP 
Flow=k J T 

Eo=10VPxVI!.{> 
VT Eo 

E,,2=10 VpVI!.{> 
VT 

Eo= jl0 VP V~p 
VT 

P = Absolute pressure 
T = Absolute temperature 
~p = Prj!ssure drop 

FIGURE 13. Mass Gas Flow Circuit 
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I Typical Applications (Continued) 

.l: 
...I 

- R 

r-----------.. ----~~VB=ELOG 
Rl 

R2 

Ex 0----1--+-.., 
Ez -

I 
lHOO94 

I j1 12 , P P 14 !5 16 Is 
)1-

Note. The LH0094 may also be used to generate the Log of a 
ratio of 2 voltages. The output is taken from pin 14 of the 
LH0094 for the Log application. 

ELOG = Kl KT Qn Vz 
q V. 

Rl +R2 
whoreKl= ~ 

1 
If Kl= --

KT/q2nl0 

then ELOG = L09l0 Vz 
Vx 

Rl = 15.9 R2 
R2 "'400n 

R2 must be a thermistor with a tempco of '" 0.33%fC to 
be compensated over temperature. 

FIGURE 14. Log Amp Application 
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AM RFIIF/DETECTOR 

Application 
Package 

Voltage Input Overall Signal to 
Notes 

Portable Home Auto Range Sensitivity AM THO Noise 

LM1866 • • • N20 3V-15V 9p.V 0.3% 50dB AlsoFM 

LM1868 • • N20 '4.5V-15V 12p.V 1.1% 50 dB Also FM, audio 

LM3820 • • • N14 4.5V-16V 35p.V External detector 

AM STEREO DECODER 

Application 
Package 

Voltage 
Separation THO 

Signal to 
Notes 

Portable Home Auto Range Noise 

LM1981 • • N20 8V-18V 30 dB 1.0% 55dB Decodes all systems 

Note: Availability of the LM1981 in production quantities is dependent upon FCC system seiection, 

FM IF/DETECTOR 

Application 
Package 

Voltage Input Signal to 
THO 

Mute AGC 
AFC 

Meter 
Portable Home Auto Range Sensitivity Noise Control Outputs Drive 

LM1865 • • N20 7V-16V 6p.V 84 dB 0.15% • • • • 
LM1866 • • • N20 3V-15V , 12p.V 76 dB ' 0.5% • • • 
LM1868 • • N20 4.5V-15V 15p.V 64 dB 1.1% 

LM3011 • • H10 6V-15V 300p.V 

LM3075 • • • N14 8.5V-12.5V 250p.V 1.5% 

LM3089 • • N16 8V':16V 12p.V 70dB 0.5% • • • • 
LM3189 • • N16 8V-16V 12p.V SO dB 0.5% • • • • 
TBA120 • • • N14 6V-18V. 30p.V 0.5% 

FM STEREO DECODER 

Application Voltage Channel High Lamp Output 
ARI 

Package THO Blend Interface 
Portable Home' Auto Range Separation Cut Driver Buffer 

Rejection 

LM1310 .. N14 10V-18V 0.3% 45dB • 
LM1S00 • N16 10V-1B~ 0.1% 45dB • • 
LM1870 • • • N20 7V-15V 0.25% 45 dB • • • • 
LM4500A • • • N16 BV-16V 0.1% 40dB • • • • 

PREAMPLIFIERS 

Application 
Package 

Voltage Equivalent 
THO PSR 

Input 
Notes 

Portable Home Auto Range Input Noise Coupling 

LM381 • • N14 9V-40V 0.5p.V 0.1% 120 dB AC Stereo 

LM382 • • • N14 9V-40V 0.8p.V 0.1% 120 dB AC Stereo 

LM387 • • • N08 9V-30V 0.65p.V 0.1% 110dB AC Stereo 

LM1303 • N14 10V-30V 0.8p.V AC Stereo 

LM1B18 • • • N20 
, 

3.5V-18V 0.S5p.V 0.05% 85 dB AC Tape system 

LM1837 • • • N18 .iV-18V 0.6p.Vt 0.03% 105dB DC Autoreverse 

LM1897 • • • N16 4V-1SV 0.6p.Vt 0.03% 105 dB DC Few externals 

, tCCIRIARM in DiN circuit relerred to gain at 1 kHz. 

• Note that all values shown are typical. Please refer to data sheets for test conditions. I 
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AUDIO CONTROLS 

Application 
Package 

Voltage Volume Signal to 
THO Separation Notes 

Portable Home Auto Range Control Range Noise 

LM1035 • • • N20 8V-18V 80dB 80dB 0.05% 70dB Dual DC 
tone/volume/balance 

lMl037 • • • N18 5V-30V 100 dB 0.04% 100dB DC audio switch 

lMl038 • • • N18 5V-30V 100 dB 0.04% 100dB BCD input 

LM13600 
lM13700 • • • N16 ±2V-±18V 0.5% 100 dB 

Transconductance 
amplifiers 

NOISE REDUCTION 

Application 
Package 

Voltage NR NR Encoding Singlel Decode 
Notes 

Portable Home Auto Range Type Ellecl Required Dual SIN 
-

lMllll • • • N16 6V-18V Dolby 10 dB Yes Single 83dB Tightened spec 

lMl121 • • • . N16 6V-18V Dolby 10 dB Yes Single 82dB DC switched 

LM1131 • • • N18 6V~18V Dolby 10 dB Yes Dual 87dB DC switched 

lM181l4 • • • i~ 14 4.5V-iov ui~n .2 uD i~0 !JUQI 
..,,.. ..... n "It""',... _ .. _ ............ 
IV U,"" I ...... "" ... , ......... ". 

lM13700 • N16 ±15V C·X 20 dB Yes " Phono 

LF347 • N14 ±15V C·X 20 dB Yes .. Phono 

lF353 • N08 ±15V C·X 20dB ' Yes .. Phono 

.. ·The CoX system requires one LM13700 and 8-10 op amps for stereo phono noise reduction. 

AUDIO POWER AMPLIFIERS 

Application 
Package 

Power @ 
Bridgeable THO 

Input Singlel 
Notes 

Portable Home Auto 80 40 20 Voltage Noise Dual 

lM378 • N14 5W 24V Yes 0.1% 3p.V Dual SeeAN·125 

lM379 • S14 6W 28V Yes 0.2% 3p.V Dual SeeAN·125 

LM380 • N14/N08 2.5W 18V 0.2% Single SeeAN·69 

lM383 • • TO-5 5.5W 8.6W 14AV Yes 0.2% 2p.V Single Protected 

LM384 • N14 5.5W 22V 0.25% Single Fixed gairi 

LM386 • • N08 0.33W 6V 0.2% Single 4V operation 

lM388 • N14 2.2W 12V Yes 0.1',1, Singl,e Minimum 
externals 

lM389 • N18 0.33W 6V 0.2% Single Includes 
Transistor 
array 

lM390 • N14 lW 6V Yes 0.2% Single Battery 
operation 

lM391 • N16 60V-l00V 0.01% 3p.V Single Power driver 

lM1868 • ., N20 0.7W 9V 0.2% Single WithAM/FM 

lM1877 • • • N14 2W 20V 0.05% 25p.V Dual 6V-24V 

lM2877 • • • Pl1 4.5W 20V 0.1% 2.5p.V Dual Single-in-line 
package 

lM1895 • • • N08 1.1W 6V 0.2% 14p.V Single low AM 
radiation 

lM2895 • • • Pll 4.3W 12V 0.15% 1.4p.V Single 3V-15V 

lM1896 • • • N14 1.1W 6V Yes '0.1% 1.4p.V Dual low AM 
radiation 

lM2896 • • • Pl1 2.5W 9V Yes 0.1% 1.4 p.V Dual No pops 

lM2002 • • TO-5 5.2W 8W 14.4V Yes 0.1% 2p.V Single Protected 

LM2878 • Pl1 5.5W 22V 0.15% 2.5p.V Dual 6V-32V 

.. Note that all values shown are typical. Please refer to data sheets for test conditions. 
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~ Semiconductor 

Definition of Terms 
AGC de Output Shift: Tlie shift of the quiescent Ie 
output voltage of the AGe section for a given change in ' 
AGe central voltage. 

AGe Figure of Merit (AGC Range): The widest possible 
range of input signal level required to make the output 
drop by a specified amount from the specified maximum 
output level. 

AGC Input ,Current: The current required to bias the 
central voltage input of the AGe section. ' 

AM Rejection Ratio: The ratio of the recovered audio 
output 'produced by a desired FM signal of specified 
level and deviation to the recovered audio output pro
duced by an unwanted AM signal of specified amplitude 
and modulating index. 

Channel Separation: The level of output signal of an 
undriven amplifier with respect to the output level of 
an adjacent driven amplifier. 

Detection Bandwidth: That frequency range about the 
free running frequency of the tone decoder/phase locked 
loop where a signal above a specified level will cause a 
detected signal condition at the output. 

Detection Bandwidth Skew: The measure of how well 
the detection bandwidth is centered about, the free, 
running frequency. It is equal to the maximum detl!ction 
bandwidth frequency plus the minimum detection band
width frequency minus twice the free running frequency. 

Hold In Range: That range of frequencies ~bout the 
free running frequency for which the phase locked loop 
will stay in lock if initially starting out in lock. 

Input Bias Current: The average of the two input 
currents. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current 'on either input 
with the other grounded. 

Input Sensitivity: The minimum level of input signal 
at a specified frequency required to produce a specified 
signal·to-noise ratio at the recovered audio output. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 
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Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required to 
drive the output from zero to this voltage . 

Limiting Threshold: In FM the, input signal level which 
causes the recovered audio output level to drop 3 dB 
from the output level with a specified large signal input. 

Lock In Range: That range of frequencies about the 
free running frequency for which the phase locked 
loop will come into lock if initially starting out of lock. 

Maximum Sweep Rate: The maximum rate that the 
veo may be made ,to vary its oscillating frequency over 
its Sweep Range. 

Output Resistance: The ratio of the change in output 
voltage to the change in output current with the output 
around zero. 

Output'Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Phase Detector Sensitivity: The change in the output 
voltage of the phase detector for a given change in phase 
between the two input signals to the phase detector. 

Power Bandwidth: That frequency at which the voltage 
gain reduces to 1/V2 with respect to the flat band 
voltage gain specified for a given load and output power. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages produCing it. 

Slew Rate: The internally limited rate of change in 
output' voltage with a .large amplitude step function 
applied to the input. 

Supply Current: The 'current required from the power 
supply to operate the amplifier with no load and the 
output at zero. 

Sweep Range: That ratio of maximum oscillating 
frequency to minimum operating frequency produced 
by varying the central voltage of the veo from its 
maximum value to its minimum value with fixed values 
of timing resistance and capacitance. 

VCO Sensitivity: The change in operating frequency 
for a given change in veo central voltage. 



'~National Audio/Radio Circuits 
~ Semiconductor 
LM377 Dual 2 Watt Audio Amplifier 
General Description 
The LM377 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM377 will deliver 2W/channel into 8 or 16£1. loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown_ For more information, see AN-125. The 
LM377 is not recommended for new designs; see the 
LM1877 data sheet for an improved pin-for-pin reo 
placement to the LM377 in audio applications. 

rt:Cii.un::~ 
• Avo typical 90 dB 

• 2W per channel 

• 70 dB ripple rejection 

• 75 dB channel separation 

• Internal stabilization 

Schematic Diagram 

Connection Diagram 

Dual~ln·line Package 

BIAS 14 v+ 

OUTPUT 1 13 OUTPUT2 

GNO 
12 

GNO 

GNO 4 11 
GNO 

GNO 10 GND 

INPUT 1 INPU12 

FEEDBACK 1 FEEDBACK 2 

TOPVIEW 

Order Number LM377N 
See NS Package N14A 

• Self centered biasing 

• 3 M£1. input impedance 

• 10-26Voperation 

• Internal current limiting 

• I nternal thermal protection 

Applications 
• Multi-channel audio systems 

• Tape recorders and players 

• Movie projectors 

• Automotive systems 

• Stereo phonographs 

• Bridge output stages 

• AM-FM radio receivers 

• Intercoms 
• Servo amplifiers 

• Instrument systems 

" 

Typical Applications 
Simple Stereo Amplifier 

lOOk 

INPUT 1 0--11---.... -0-4 
D.lpF 
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Absolute Maximum Ratings 

Supply Volta'ge 26V 
I n put Voltage OV - VSUPPLY 
Operating Temperature O°C to +70°C 
Storage Temperature .cs5°C to +150°C 
Junction Temperature 150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

" 

Electrical Characteristics 
Vs = 20V, T TAB = 25°C, RL = 8n, Av ='50 (34 d8). unless otherwise specified. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Total Supply Current POUT = OW 15 50 mA , 
POUT = 1.5W/Channel 430 500 mA 

DC Output Level 10 V 

Supply Voltage 10 26 V 

Output Power T.H.D. =<5% 2 2.5 W 

, T.H.D. POUT = 0.05W/Channel, f = 1 kHz 0.25 . % 
POUT = 1W/Channel, f = 1 kHz 0.07 1 % . 
POUT =. 2W/Channel, f = 1 kHz· 0.10 % 

Offset Voltage 15 mV 

Input Bias Current 100 nA 

Input Impedance 3 Mn 

Open Loop Gain Rs= on 66 90 dB 

Output Swing Vs-6 Vp.f' 

Channel Separation CF = 250JIF, f = 1 kHz 50 70 d8 

Ripple Rejection f = 120 Hz, CF = 250JIF 60 70 dB 

Current Limit 1.5 A 

Slew Rate 1.4 V/JIs 

Equivalent Input Noise Voltage Rs = 600n, '100 Hz - 10 kHz 3 JIVrms 

Not., : For operation at ambient temperatures greater than 2SoC the LM377 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 
Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink - 13.4°CIW 
b. P.C. board +V7 sink - '21 ° C/W. P.C. board is 2 112 square inches. Staver V7 sink is 0.02 inch t,hick copper and has a radiating surface 

area of 10 square inches. 
c. P.C, board only - 29°CIW. Davice soldered to 2112 square inch P.C. board. 
d, Fr ••• ir - SSoC/W. 
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Typical Performance Characteristics 
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Typical Performance Characteristics I (Continued) 

Supply Rejection vs 
Frequency Distortion vs Frequency Distortion vs Frequency 

'0 

II 4 4 

~ 70 
Av '" 250, Vs = lay. Rl "J~f~- tttt Av = 250. Vs ::: 24V. RL '" 16n 

200)1F 'rJ Po =O.05W mf Zo-
~" 

60 20>JF 3 3 
o-~ 

~;5rt' ~ g ~~ 50 
~o 

~ Z Po = O.05W 
::!o- 0 

>:ll 40 ~ 2 

~ 
2 

~'" 
1pF 

0 
0.5W 

:::'" 30 

II In lW 
~~ C C 0.5W "'w 20 1 1 lW w'" Js ~120V. Av' 50 

I 
~ 10 2W 

0 
C VAf,~;S "RI 1~1',r.PLE Flh~iR 

0 
10 100 1000 10k tOOk 10 100 lk 10k lOOk 10 100 lk 10k lOOk 

FREOUENCY (Hz) FREQUENCY 1Hz) FREQUENCY\HzJ 

Distortion vs Frequency Distortion vs Frequency Distortion vs Frequency 
4 4 4 

Av " 50. RL =' BH, Vs '" fBV Av '" 100. Vs '" 24V, AL " 1fin Av .:: 50, Vs = 24V. RL '" 16n 

3 
, 

3 3 
g .- l ?3 
~ Z " 0 0 

~ 2 i 2 ~ 2 

~ Po "'O.5W In Po = O.05W In 
C c c Po =O.05W 

1 • ~ol~~ 1 
lillI.iL 0.5W 

1 
lW 

lW ='W IIV 0.5W 
2W 2W m, 

0 0 
10 100 lk 10k tOnk 10 100 lk 10k tOOk 10. 100 lk 10k lOOk 

FREQUENCY 1Hz) FREQUENCV (Hz) FREQUENCY (Hz) 

Distortion vs Frequencv 

4 
Av " 100, Vs ::: 1 B, Rl ::: an 

3 

g 
Z Po =O.D5W 
0 

2 

~ 
'1~] t; 

C O.5W 
1 ·m, 
0 

10 100 lk 10k lOOk 

FREQUENCY IHzJ 

, 

10·12 



Typical Applications (Continued) 

10W Per Channel Audio Amplifier 

Vs =+22V 

O.1~F 

Simple Stereo Amplifier with Bass Boost 

INPUT I o-J I---~~o..:::..t 
D.1/JF 

4W Bridge Amplifier 

O.02"F 

SIGNAL ~ 1------..... ----------., 
INPUT -----, 

R 
1M 

O.41;;F 
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~Nati()nal Audio/Radio Circuits 
~ Semiconductor 
LM378 Dual 4 Watt Audio Amplifier 
General Description 
The LM378 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM378 will deliver 4W channel into 8 or 16n loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu· 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information see AN-125. 

Features 
• Avo typical 90 dB 
.. 4W per channel 

• 70 dB ripple rejection 

• 75 dB channel separation 
• I nternal stabilization 

Schematic Diagram 

Connection Diagram 

BIAS 

OUTPUT 1 

'N' 
GN. 

'N. 
INPUT 1 

FEEDBACK I 

Dual-In-Line Package 

TOP VIEW 

14 v. 

13 OUTPUTZ 

12 GND 

11 GNO 

10 GND 

• .,UIZ 

fEEDIACJl2 

Order Number LM378N 
See NS Package N14A 

• . Self centered biasing 

• 3 Mn input impedance 
• Internal current limiting 
• I nternal thermal protection 

Applications 
• Multi·channel audio systems 
• Tape recorders and players 

• Movie projectors 
• Automotive systems 

• Stereo phonographs 

• Bridge output stages 
• AM-FM radio receivers 

• Intercoms 
• Servo amplifiers 
'. I nstrument systems 

Typical Applications 
Simple StereD Amplifier , ... 

'.PUT' 0-1 t---.--9-''"I 
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Absolute Maximum Ratings 
Supply Voltage 35V 
I nput Voltage OV- VSUPPLY 
Operating Temperature O°C to +70°C 

I 

Storage Temperature -65°C to +150°C 
Junction Temperature 150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 
Vs = 24V, T TAB = 25°C, RL = an, Av = 50 (34 dB), unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Total Supply Current POUT = OW 15 50 mA 

POUT = 1.5W/Channei 430 500 mA 

DC Output Level 12 V 

SIl!,",!"I~1 \lnlt~!:!p 10 V 

Output Power T.H.D. = < 5%, RL = an 4 5 W 
T.H.D. = < 5%, RL = 16n 4 5 W* 

T.H.D. POUT = 0.05W/Channel, f = 1 kHz 0.25 I % 
POUT = lW/Channel, f = 1 kHz 0.07 1 % 

POUT 2W/Channel, f = 1 kHz 0.10 % 

Offset Voltage 15 mV 

Input Bias Current 100 nA 

Input Impedance 3 Mn 

Open Loop Gain Rs = on 66 90 dB 

Channel Separation CF = 250pF, f = 1 kHz 50 70 dB 

Ripple Rejection f = 120 Hz, CF = 25011 F 60 70 dB 

Current Limit 1.5 A 

Slew Rate 1.4 VIlis 

Equivalent Input Noise Voltage Rs = 600n, 100 Hz - 10 kHz 3 IIVrms 

Note 1: For operation at ambient temperatures greater than 25° C the LM378 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink - 13.4°CIW 
b. P.C. board +V7 sink - 21°C/W. P.C. board is 2 1/2 squ~re inches. Staver V7 sink is 0.02 inch thick copper and has a radiating surface 

areB of 10 square inches. 

c. P.C. board only - 29°C/W. Device soldered to 2 1/2 square inch P.C. boar.d. 
d. Free air - 5SoC/W. 

*Tested at Vs = 3OV. 

, 
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Typical Performance Characteristics 
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Typical Applications (Continued) 
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~National Audio/Radio Circuits 
~ Semiconductor 

LM379 Dual 6 Watt Audio Amplifier 
~eneral Description 
The lM379 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc . .' 

The lM379 will deliver 6W/channel to an an load. The 
amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information, see AN-125. 

Features 
• Avo typical 90 dB 
• 6W per channel 
• 70 dB ripple rejection 
• 75 dB channel separation 
• I nternal stabilization 

Schematic Diagram 

lOR ... 
Connection Diagram 

Dual-In-Line Power Package 

0 
v'" • C 14 V+/Z 

He Il Ne 

SIGtlAlGNO 12 SIGNAL GNO 

POWERONO 11 POWER GND 

OUTPUT 1 5 10DUTPUTZ 

• • INPUT 1 INPUTZ 

fEEDBACK 1 C FEEOBACKZ 

0 
TOPYIEW 

Order Number lM379S 
See NS Package S14A 

"n 

• Self centered biasing 
• 3 Mn input impedance 
• Internal current limiting 
• I nternal thermal protection 

Applications 
• Multi-channel audio systems 
• 'Tape recorders and players 

• Movie projectors 
• Automotive systems 
• Stereo phonographs 
• B ridge output stages 
• AM-FM radio receivers 

• Intercoms 
• Servo amplifiers 
• I nstrument systems 

Typical Applications 
Simple Stereo Amplifier 
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Absolute Maximum Ratings 

Supply Voltage 
Input Voltage 

-Operating Temperature 
Storage Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 secondsl 

Electrical Characteristics 

35V 

OV - VSUPPLY 
O°C to +70°C 

-65°C to +150°C 
150°C 
300°C 

Vs = 2SV, T TAB = 25°C, RL = sn, Ay = 50 (34 dB), unless otherwise specified. 

PARAMETER· CONDITIONS 

Total Supply Current POUT = OW 
POUT = 1.5W/Channei 

DC Output Level 

Supply Voltage 

Output Power T.H.D. = 5% 
T.H.D. = 10% 

T.H.D. POUT = lW/Channel, f = 1 kHz 
POUT = 4W/Channel, f = 1 kHz 

Offset Voltage 

Input Bias Current 

Input Impedance 

Open Loop Gain Rs= on 

Channel Separation CF = 250JlF, f = 1 kHz 

Ripple Rejection f = 120 Hz, CF = 250JlF 

Current Limit 

Slew Rate 

Equivalent Input Noise Voltage Rs = 600n, 100 Hz - 10 kHz 

MIN TYP MAX UNITS 

15 65 mA 
430 rnA 

14 V 

10 V 

6 W 
6 7 W 

0.07 1 % 
0.2 % 

15 mV 

100 nA 

3 Mn 

66 90 dB 

50 70 dB 

70 dB 

1.5 A 

1.4 V/Jls 

3 JlVrms 

Note 1: For operation 'at ambient temperatures greater than 2!rC the LM379 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends ~pon device mounting techniques. In most applications it is advisable to heat sink to the chassis. See curves. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Typical Applications (Continued) 
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Typical Applications (Continued) 

Simple Stereo Amplifier with Bass Boost 
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~National 
~ Semiconductor 

Audio/Radio Circuits. 

LM380 Audio Power Amplifier 
General Description 
The LM380 is a power audio amplifier for con
sumer application_ In order to hold system cC)st to 
a minimum, gain is internally fixed at 34 dB. A 
unique input stage allows inputs to be ground 
referenced. The ,output is automatically self 
centering to one half the supply voltage. 

The output is short circuit proof with internal 
thermal limiting. The package outline is standard 
dual-in·line. A copper lead frame is used with the 
center three pins on either side comprising a heat 
sink. This makes the device easy to use in standard 
p-c layout. 

Uses include simple phonograph amplifiers, inter
coms, line drivers, teaching machine outputs, 
alarms, ultrasonic drivers, TV. sound systems, AM
FM rad io, small servo drivers, power converters,etc. 

A selected part for more power on higher supply 
voltages is available as the LM384. For more 
information see AN-69. 

Features 
• Wide supply voltage range 
• Low quiescent power drain 

• Voltage gain fixed at 50 
• High peak current capability 
• Input referenced to GND 
• High input impedance 
• Low distortion 
• Quiescent output voltage is at one-half of the 

supply voltage 
• . Standard dual-in-line package 

Connection Diagrams (Dual-In-Line Packages, Top View) 

BYPASS 1 14 Vs 

NON-INVERTING INPUT Z 13 Nt 

.. NDf: "} 11 GND· 

" 
INVERTING INPUT B 

GND 1 • VOUT 

-HntsilJltPins 

Order Number Liiii360N 
See NS Package N14A 

Block and Schematic Diagrams 

LM3BON 

INPUT 

VOUT 

'IPUT 

GND GND 

Ne I • BYPASS 

NON·INVERTING INPUT 2 I V, 

INVERTING INPUT 3 I Your 

GNo 4 & GND 

Order Number LM38oN-8 
See NS Package N088 
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Absolute Maximum Ratings 
Supply Voltage 
Peak Current 
Package Dissipation 14-Pin DIP (Notes 6 and 7) . 
Input Voltage 

22V 
1.3A 
lOW 

±0.5V 
_65°C to +150°C 

O°Cto +70°C 
+150°C 
+300°C 

Storage Temperature 
Operating Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics (Note 1) 

PARAMETER SYMBOL CONDITIONS 

Output Power POUT(AMS) (Notes 3, 4) RL = Bn, THO = 3% 

GAin A,! 

Output Voltage Swing VOUT RL=Bn 

Input Resistance Z'N 

Total Harmonic Distortion THO (Note 4, 5) 

Power Supply Rejection Ratio PSRR (Note 2) 

Supply Voltage Vs (Note B) 

Bandwidth BW POUT = 2W, RL = Bn 

Ouiescent Supply Current 10 

Ouiescent Output Voltage VOUTQ 

Bias Current IBIAS Inputs Floating 

Short Circu it Current Ise 

Not. 1: Vs = laV and T A = 25·C unless otherwise specified. 
Not. 2: Rejection ratio referred to the output with CSYPASS = 5/lF. 

MIN TYP MAX UNITS 

2.5 W 

40 50 60 V!V 

14 Vp-p 

150k n 

0.2 % 

3B dB 

10 22 V 

lOOk Hz 

7 25 mA 

8 9.0 10 V 

100 nA 

1.3 A 

Note 3: With device Pins 3, 4, 5,10, II, 12 soldered into a1/16" epoxy glass board with 2 ounce copper foil with a minimum 
surface of 6 squar.e inches. 

Nota 4: If oscillation exists under some load conditions, add 2.7,n and 0.1 ~fd series network from Pin 8 to Gnd. 
Note 5: CSYPASS = 0.47 /lfd on Pin 1. 
Not. 6: The maximum junction temperature of the LM380 is l50·C. 
Note 7: The package is to be derated at 12·CIW junction to heat sink pins. 
Nota 8: Can select for av operation. 

Heat Sink Dimensions 
\~ 
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.('1) Typical Performance Characteristics 
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~National 
~ Semiconductor 

Audiol Radio Circuits, 

LM381/LM381A Low Noise Dual Preamplifier 
General Description 
The LM381/LM381 A is a dual preamplifier for 
the amplication of low level signals in applications 
requiring optimum noise performance. Each of the 
two amplifiers is completely independent, with 
individual internal power supply decoupler
regulator, providing 120 dB supply rejection and 
60 dB channel separation. Other outstanding 
features include high gain (112 dB), large output 
voltage swing (Vee -2V) POp, and wide power 
bandwidth (75 kHz, 20Vp_p). The LM381/LM381A 
operates from a single supply across the wide range 
of 9'to 40V. 

Either differential input or single ended input 
configurations may be selected. The amplifier 
is internally compensated with the provision for 
additional external compensation for narrow band 

applications. For additional information see AN-
64, AN-104. 

Features 
• Low Noise - .5 iJ.V total input noise 
• High Gain -·112 dB open loop 

• Single Supply Operation 

• Wide supply range 9-40V 

• Power supply rejection 120 dB 

• Large output voltage swing (Vee -2V)p,p 
• Wide bandwidth 15 MHz unity gain 

• Power bandwidth 75 kHz, 20 V pop 
• . Internally compensated 

• Short circuit protected 

Schematic and 'Connection Diagrams 
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Dual-In-Line Package 
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Order Number LM381N or LM381AN 
See NS Package N14A 
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Absolute Maximum Ratings 
Supply Voltage 

Power Dissipation (Note 1) 
Operating Temperature Range 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

+40V 
715mW 

O°C to 70°C 

-65°C to +150°C 

300°C 

Electrical Characteristics T A = 25°C, V cc = 14V, unless otherwise stated. 

PARAMETER 

Voltage Gain 

Supply Current 

Input Resistance 

(Positive Input) 

(Negative Input) 

Input Current 

(Negative Input) 

Output Resistance 

Output Current 

Output Voltage Swing 

Unity Gain Bandwidth 

CONDITIONS 

Open Loop (Dillerential Input). I = 100 Hz 

Open Loop (Single Ended). I = 100 Hz 

Vee 9to40V, RL == 

Open Loop 

Source 

Sink 

Peak·to·Peak 

Power Bandwidth 20 Vp _p (Vee = 24V) 

Maximum Input Voltage Linear Operation 

Supply Rejection Ratio 1= 1 kHz 

Channel Separation 1= 1 kHz 

Total Harmonic Distortion 60 dB Gain, I = 1 kHz 

Total Equivalent Input 

Noise· 

LM381A 

LM3Bl 

Rs = soon, 10 - 10,000 Hz (Single Ended Input, 

Flat Gain Circuit, Av = 1000) 

MIN TYP 

160,000 

320.000 

10 

100 

200 

0.5 

150 

8 

2 

Vcc - 2 

15 

7r5 

120 

60 

0.1 

0.5 

0.5 

MAX UNITS 

V/V 

V/V 

mA 

kn 

kn 

I1A 

n 

mA 

mA 

V 

MHz 

kHz 

300 mVrms 

dB 

dB 

% 

0.7 I1Vrms 

1.0 I1Vrms 

Note 1: For operation in ambient temperatures above 2SoC, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C!W junction to ambient. 

Typical Applications (Continued) 
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Typical Performance Characteristics 
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LM382 Low Noise Dual Preamplifier 
General Description 
The LM382 is a dual preamplifier for the ampli
cation of low level signals in applications requir
ing optimum noise performance. Each of the two 
amplifiers is completely independent, with indivi· 
dual internal power supply decoupler-regulator, 
providing 120 d8 supply rejection and 60 d8 chan
nel separation. Other outstand ing featu res include 
high gain (100 d8), and wide power bandwidth 
(75 kHz, 20 Vp-p). The LM382 operates from a 
single supply across the wide range of 9 to 40V. 

the user to select a variety of closed loop gain 
options and frequency response characteristics 
such as flat·band, NAB or R IAA equalization. The 

Schematic and Connection Diagrams 

Typical Applications 

,< 

circuit is supplied in the 14 lead dual-in-line 
package. 

Features 
• Low noise - 0.8 IJ.V total equivalent input noise 
• High gain - 100 dB open loop 
• Single supply operation 
• Wide supply range 9 to 40V 
• Power supply rejection - 120 dB 
• Large output voltage swing 
• Wide bandwidth - 15 MHz unity gain 
• Power bandwidth - 75 kHz, 20 Vp •p 

• I nternally compensated 
• Short circuit protected. 

Dual·ln·line Package 

+IN(1) 1 

~INI1I 2 

GAIN tONTRDLll) 3 

GND 4 

GAIN CONTROl(U 5 

GAIN CONTROLl1) & 

OU1PijTI1I 1 

TOP VIEW 

14 +INfZI 

13 -INll) 

12 GAIN tONTROL(21 

'0 GAIN CONTRDL(2) 

9 GAIN CONTROll2} 

8 OUIPUtt21 

Order Number LM382N 
See NS Package N14A 

..IIDISJE 

Tape Preamp (NAB Equalization) Phono Preamp (RIAA Equalization) Flat Response - Fi"ed Gain 
Configuration 
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Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics TA =' 25°C, 

PARAMETER CONDITIONS 

Voltage Gain Open Loop, f = 100 Hz 

Supply Current VCC 9 to 40V, RL = 00 

Output DC Voltage 

I nput Resistance 

(Positive Input) .' , 
(Negative Input) 

.!. 

Input Curre"t 

(Negative Input) 

Output Resistance Open Loop 

Output Current Source 

Sink 

Output Voltage Swing Peak·to·Peak, RL = 10k 

Unity Gain Bandwidth 

Power Bandwjdth 20 Vp·p (VCC = 24V) 

Maximum Input Voltage Linear Operation 

Supply Rejection Ratio f = 1 kHz 

Channel Separation f = 1 kHz 

Total Harmonic Distortion 60 dB Gain, f = 1 kHz 

+40V 
715mW 

O°C to 70°C 
_65°C to +150°C 

300°C 

Vee = 14V, unless otherwise stated. 

MIN TYP 

100,000 

10 

6 

100 

200 

0.5 

150 

8 

2 

12 

15 

75 

120 

40 60 

0.1 

Total Equivalent Input RS = 600f!, 100 - 10,OOQ Hz 0.8 
Noise (Flat Response Circuit) 

MAX UNITS 

V/V 

16 mA 

V 

kf! 

kf! 

p.A 

f! 

mA 

mA 

V 

MHz 

kHz 

300 mVrms 

dB 

dB 

0.3 % 

1.2 p.Vrms 

Note 1: For operation in ambient temperatures above 25·C, the device must be derated based on a 150"C maximum junction 
temperature and a thermal resistance of 17SoC/W junction to ambient. 
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Typical Performance Characteristics 
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~ Semiconductor 
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LM3831LM383A 7 Watt Audio Power Amplifier 
General Description 
The LM383 Is a cost effective, high power amplifier 
suited for automotive applications. High current capabili· 
ty (3.5A) enables the device to drive low Impedance loads 
with low distortion. The LM383 is current limited and 
thermally protected. High voltage protection is available 
(LM383A) which enables the amplifier to withstand 40V 
transients on its supply. The LM383 comes in a 5·pin 
TO·220 package. . 

Equivalent Schematic 

Features 
• High peak current capability (3.5A) 
• Large output voltage swing 
• Externally programmable gain 
• Wide supply voltage range (5V-20V) 
• Few external parts required 

• Low distortion 
• 'High input impedance 
• No turn-on transients 
• High voltage protection available (LM383A) 

• Low noise 
• AC short circuit protected 

5 Vs 

..... -IH-+-..;;4-o VOUT 

L--4~~-4---4 ____ ~~-4 __ ~ __ ~~ ______________ ~~3~GNO 

+INPUT -INPUT 

Connection Diagram Typical Applications 

Plastic Package 

~ ,,"m.wuu. 
: 4 OUTPUT 

3 GROUND 

2 INVERTING INPUT 

I NON·INVERTING INPUT 

Order Number LM383T or LM383AT 
See NS Package TOS8 
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Absolute Maximum Ratings 
Peak Supply Voltage (SO ms) 

LM383A(Note2} 40V 
LM383 25V 

OperatingSupplyVoltage 20V 
\ 

Output Current 
Repetitive 3.5A 
Non·repetltive 4.5A 

Input Voltage :to.5V 
PowerOlsslpation(Note3} 15W 

Operating Tempera~ure 0·Cto+70·C 
Storage Temperature -60·Cto +lSO·C 

LeadTemperature(Solderlng,10seconds) 3OO·C 

Electrical Characteristics V s '" 14.4V, T TAB = 25·C, Av = 100 (40 dB), RL = 40, unless otherwise specilied , 
Parameter Conditions Min Typ Max Units 

DC Output Level 6.4 7.~ <; 'v' 

Quiescent Suppiy Current Excl.udes Current In Feedback Resistors 45 80 mA 

Supply Voltage Range 5 20 V 

Input Resistance 150 kll 

Bandwidth Gain =40 dB 30 kHz 

Output Power Vs" 13.2V, 1= 1 kHz 
RL = 40, THO", 10% 4.7 W 

RL = 20, THO = 10% 7.2 W 

Vs= 13.BV, 1= 1 kHz 
RL = 40, THO = 10% 5.1 W 
RL = 211, THO = 10% 7.8 W 

Vs=14.4V, 1=1 kHz 
RL = 40, THO = 10% 4.8 5.5 W 
RL = 20, THO = 10% 7 8.6 W 
RL= 1.60, THO .. 10% 9.3 W 

Vs= 16V, 1= 1 kHz 
RL=4Il, THO=10% 7 W 
RL=2Il, THO= 10% 10.5 W 
RL= 1.60, THO = 10% 11 W 

THO Po=2W. RL=40, i=l kHz 0.2 
• 

% 

Po = 4W, RL = 20, 1 = 1 kHz 0.2 % 

Ripple Rejection Rs =501l, 1=100 Hz 30 40 dB 
Rs= 5011, 1 = 1 kHz 44 dB 

Input Noise Voltage Rs=O, 15 kHz Bandwidth 2 I'V 

Input Noise Current Rs= 100 kll, 15 kHz Bandwidth 40 pA 

Nole': A 0.2 ~F capacitor should be placed as clos. as possible to pins 3 and 4 for stability. 
Nole 2: The LM383 shuts down above 25V. 
Nole 3: For operating al elevated temperatur ••• the deyice must be der~ted besed on a lSO'C maximum junction iemperatur. and a thermal reslstanc. of 
4'CIW junction to ca.e. 

, 
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Typical Performance Characteristics " 
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Typical Applications (Continued) 
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LM384 5 Watt Audio Power Amplifier 
General Description 
The LM384 is a power audio amplifier for consumer 
application. In order to hold system cost to a minimum, 
gain is internally fixed at 34 dB. A unique input stage 
allows inputs to be ground referenced. The output is auto· 
matically self·centering to one half the supply voltage. 

The output is short·circuit proof with internal thermal 
limiting. The package outline is standard dual·in-line. 

. A copper lead frilme is used with the center three pins on 
either side comprising a heat sink. This makes the device 
easy to use in standard p-c layout. 

Uses include simple phonograph amplifiers, intercoms, 
line drivers, teaching machine outputs, alarms, ultrasonic 
drivers, TV sound systems, AM-FM radio, sound projector 
systems, etc. See AN-69 for circuit details. 

Block and Connection Diagrams 

BYPASS Vs 

.IIPUT 

YOUT 

INPUT 

GND GNO 

Schematic Diagram 

Features 
• Wide supply voltage range 

• Low quiescent power drain 

• Voltage gain fixed at 50 

• High peak current capability 

• I nput referenced to G N D 

• High input impedance 

• Low distortion 

• Quiescent output voltage is at one half of the 
supply voltage 

• Standard dual-in-line package 

8VPASS 1 

NON·INVERTING INPUT Z 13 Ne 

I2J 11 GNO· 

" 
INVERTING INPUT 8 , Nt 

eND ., • VOUT 

-Heatsink Pins TOP VIEW 

Order Number LM384N 
See NS Package N14A 

r-------------1>__---.... -oV.'141 

'" '" OUTPUT 

'" 
BYPASS 

III 

'" 
" 

-,. .,. 
'" '21 

(3;4,5,10.11,121 
171 GND GND 
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Absolute Maximum Ratings 

Supply Voltage 2aV 
Peak Current 1.3A 
Power Dissipation (See Notes 3 and 4) 
Input Voltage ±0.5V 
Storage Temperature -65°C to +150°C 
Operating Temperature O°C to +70°C 
Lead Temperature (Soldering; 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS MIN .TYP MAX . UNITS 

Input Resistance (ZIN) 150 kn 

Bias Current (ISlAS) illlJUl::' ~:uai..;llg Inn nA 

Gain (Av) 40 50 60 V/V 

Output Power (POUT) THO = 10%, RL = an 5 5.5 W 

Quiescent Supply Current (10) a.5 25 mA 

Quiescent Output Voltage (V OUT Q) 11 V 

Bandwidth (BW) POUT = 2W, RL = an 450 kHz , 
--

Supply Voltage (V+) 12 26 V .. 
Short Circuit Current (lscI 1.3 A 

Power Supply Rejection Ratio 31 dB 
(PSRR RTO ) (Note 2) 

Total Harmonic Distortion (THO) POUT = 4W, RL = an 0.25 1.0 % 

Note 1: v+ = 22V and TA = 25°C operating with a Staver V7 heat sink for 30 seconds. 
Note 2: Rejection ratio referred to the output with CBYPASS ~ 51'F, Ireq ~ 120 Hz. 
Note 3: The maximum junction temperature of the LM384 is 150°C. 
Note 4: The package is to be derated at 12"c/W junction to heat sink pins. 
Note 5: Output is fully protected against a shorted speaker condition at all voltages up to 22V. 

Heat Sink Dimensions -

Staver "V7" Heat Sink 

"-,.6 
I ~\\\\\\. ~ 
1.35 IlddP. 
.~.~ ~:J 

~1.5 
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

LM386 Low Voltage Audio Power Amplifier 
General Description 
The LM386 is a power amplifier designed for use in low 
voltage consumer· applications. The gain is internally 
set to 20 to keep external part count .Iow, but the 
addition of an external resistor and capacitor between 
pins 1 and 8 will increase the gain to any value up 

,to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. The 
quiescent power drain is only 24 milliwatts when oper
ating from a 6 volt supply. making the LM386 ideal 
for battery operation. 

Features 
• Battery operation 
• Minimum external parts 
• Wide supply voltage range 4V-12V or 5V-18V 
• Low quiescent current drain 4mA 

• Voltage gains from 20 to 200 
• Ground referenced input 
• Self:centering output quiescent voltage 

• Low distortion 
• Eight pin dual-in-line package 

Applications 
• AM-FM radio amplifiers 
• Portable tape player amplifiers 

• Intercoms 
• TV sound systems 

• Line drivers 
• Ultrasonic drivers 
• Small servo drivers 
• Power converters 

Equivalent Schematic and Connection Diagrams 

r-------------------------~~----~-oV. 

-INPUT 

~-4~~-----------4~~--~------~-----4~GND 

Typical Applications 

VON 

Amplifier with Gain = 20 
Min~mum Parts 

v, 
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Dual·ln·Line Package 

GAIN 4 v ~GAIN 
-INPUT --,2 r-L....r ... 1 BYPASS 

+INPUT v, 

GN. VOUT 

TOP VIEW 

Order Number LM386N·1, 
LM386N·3 or LM386N-(S 
See NS Package N08B 

Amplifier with Gain = 200 



Absolute Maximum Ratings 
Supply Voltage (LM386NI 15V 
Supply Voltage (LM386N·41 22V 
Package Dissipation (Note 11 (LM386N·41 1.25W 
Package Dissipation (Note 21 (LM3861 660 mW 

Storage Temperature 
Operating Temperature 
Junction Temperature 

-65°C to +150°C 
O°C to +70°C 

+150°C 
+300°C Lead Temperature (Soldering, 10 secondsl 

Input Voltage ±O.4V 

Electrical Characteristics T A = 25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Supply Voltage (Vsl 
LM386 4 12 V 
LM386N-4 5 18 V 

Quiescent Current (10 I Vs = 6V, VIN = 0 4 
I 

8 mA 

Output Power (PouTI 
LM386N·l Vs = 6V, RL = an, THO = 10% 250 325 mW 
LM386N·3 Vs = 9V, RL = 8n, THO = 10% 500 700 mW 
LM386N·4 Vs = 16V, RL = 32n, THO = 10% 700 1000 mW 

Voltage Gain (Av I Vs = tiV, T = I kHZ ;lO at! 

- lOJlF from Pin 1 to 8 46 dB 

Bandwidth (BWI Vs = 6V, Pins 1 and 8 Open 300 kHz 

Total Harmonic Distortion (THDI Vs = 6V, RL = an, POUT = 125mW 0:2 % 
f = 1 kHz, Pins 1 and a Open 

Power Supply Rejection Ratio (PSRRI Vs = 6V, f = 1 kHz, CBVPASS = 10JlF 50 dB 
Pins 1 and a Open, Referred to Output 

Input Resistance (R IN I 50 kn 

Input Bias Current (lBIASI VS = 6V, Pins 2 and 3 Open 250 nA 

Note 1: For operation in ambient temperatures above 25"'C, the device must be derated .based on a 1500 C maximum junction temperature and a 
thermal resistance of 100°C/W junction to ambient. 

Note 2: For operation in ambient temperatures above 2SoC, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 187°'C junction to ambient. 

Application Hints 
GAIN CONTROL 

To make the LM3B6 a more versatilll amplifier, two pins 
(1 and al are provided for gain control. With pins 1 and 
8 open the 1.35 kn resistor sets the gain at 20 (26 dBI. 
If a capacitor is put from pin 1 to a, bypassing the 
1.35 kn resistor, the gain will go up to 200 (46 dBI. If 
a resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. Gain control can 
also be done by capacitively coupling a resistor (or FETI 
from pin 1 to ground. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For ex· 
ample, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 5 (paralleling the internal 
15kn resistorl. For 6 dB effective bass boost: R e! 15 kn, 
the lowest value for good stable operation is R = 10 kn 
if pin a is open. If pins 1 and B are bypassed then R as 
low as 2 kn can be used. This restriction is because the 
amplifier is only compensated for closed·loop gains 
greater than 9. 

INPUT BIASIN!> 

The schematic shows that both inputs are biased to 
ground with a 50 kn resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source reo 
sistance driving the LM386 is higher than 250 kn it will 
contribute very little additional offset (about 2.5' mV at 
the input, 50 mV at the outputl. If the dc source 
resistance is less than 10 kn, then shorting the unused 
input to ground will keep the offset low (about 2.5 mV 
at the input, 50 mV at the outputl. For dc source 
resistances between these values we can eliminate excess 
offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course all offset problems are eliminated if the input is 
capacitively coupled. 

When using the LM386 with higher gains (bypassing 
the 1.35 kn resistor between pins 1 and 81 it is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with a O.IJlF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 
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Typical Applications (Continued) 
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Note 1: Twist supply lead and supply ground very tightly. 
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Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 
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Note 4: RICI band limits input signals. 
Note 5: All components must be spaced very close to IC. 
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~National 
~ Semiconductor' 

Audio/Radio Circuits 

LM387/LM387 A Low Noise Dual Preamplifier 
General Description 
The LM387 is a dual preamplifier for the amplification 
of low level signals in applications 'requiring optimum 
noise performance. Each of the two amplifiers is com
pletely independent, with an internal power supply 
decoupler-regulator, providing 110 dB supply rejection 
and 60 dB channel separation. Other outstanding features 
include high gain (104 dB), large output voltage swing 
(Vcc -2V)p-p, and wide power bandwidth (75 kHz, 
20 Vp-p). The LM387A is a selected version of the 
LM387 that has lower noise in a NAB tape circuit, and 
can operate on a larger supply voltage. The LM387 op
erates from a single supply across the wide range of 9V 
to 30V, the LM387 A operates on a supply of 9V to 40V. 

The amplifiers' are internally compensated for gains 
greater than 10. The LM387, LM387 A is available in an 
8-lead dual-in-line package. The LM387, LM387A is 
biased like the LM381. See AN-64 and AN-104_ 

Schematic and Connection Diagrams 

A' 

., 

Z1 

A, 

"" 

Features 
• Low noise 

• High gain 

• Single supply operation 

1.0 jlV total input noise 

104 dB open loop 

• Wide supply range LM387 
LM387A 

9 to 30V 
9 to 40V 

• Power supply rejection 110dB 

• Large output voltage swing (V cc - 2V)p-p 

• Wide bandwidth 15 MHz unity gain 

• Power bandwidth 75 kHz, 20 Vp-p 

., Internally compensated 

• Short circuit protected 

• Performance similar to LM381 

----I 
I 
I 
I 
I 
I 
I 

Dual-ln·Line Package 

~H -18(2) 

GND Vee 

.. , 
'--______ .-+-<>14,51 OUTPUTIU OUTPUTU) 

I 
I 
I 

TOP VIEW 

Order Number LM387N 
orLM387AN 

See NS Package N08B 
_____ .L ____ ~ 

Typical Applications 
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FIGURE 1. Flat Gain Circuit CAv· 1000) FIGURE 2. NAB T_ Circuit 
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Absolute Maximum Ratings 
Supply Voltage 

LM387 
LM387A 

+30V 
+40V 

Power Dissipation (Note 1) 660 mW 

Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics T A = 2SoC, Vee = 14V, unless otherwise stated. 

PARAMETER CONDITIONS MIN TYP MAX 

Voltage Gain I Open Loop, f = 100 Hz 160,000 

Supply Current LM387, Vee 9-30V, RL =00 10 

LM387 A, Vee 9-40V, R L = 00 10 

Input Resistance 

Positive Input I 50 100 

Negative Input 200 

Input Current 

Ne~ative Input 0.5 3.1 

Output Resistance Open Loop 150 

Output Current Source 8 

Sink 2 

Output Voltage Swing Peak·to-Peak Vee-2 

Unity Gain Bandwidth 15 

Large Signal Frequency 20 Vp-p (Vee> 24V), 75 

Response THD~ 1% 

lYIaximum Input Voltage Linear Operation 300 

Supply Rejection Ratio f = 1 kHz 110 

Input Referred 

Channel Separation f = 1 kHz 40 60 

Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0.1 0.5 

Total Equivalent Input 10-10,000 Hz 

Noise (Flat Gain Circuit) LM387 1.0 1.2 

Figure 1 

Output Noise NAB Tape Unweighted 

Playback Circuit LM387A 400 700 

Gain of 37 dB Figure 2 

O'c to+10'c 
--ilS'C to +lS0'C 

300'C 

UNITS 

V!V 

mA 

mA 

kn 

kn 

IlA 

n 

mA 

mA 

V 

MHz 

kHz 

mVrms 

dB 

dB 

% 

IlVrms 

IlVrms 

Note 1: For operatio-n in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 187°C/W junction to ambient. 

Typical Applications (Continued) 
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Typical Performance Characteristics 
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Typical Applications (Continued) 
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~National Audio/Radio Circuits 
~ Semiconductor 

LM3881.5 Watt Audio Power Amplifier 
General Description 
The LM388 is an audio amplifier designed for' use in 
medium power consumer applications. The gain is 
internally set to 20 to keep external part count low, 
but the addition of an external resistor and capacitor 
between pins 2 and 6 will increase the gain to any value 
up to 200. 

The inputs are ground referenced while the output is 
'a,utomatically biased to one half the supply voltage. 

Features 

• Wide supply voltage range 

• Excellent supply rejection 

• Ground referenced input 

• Self-centering output quiescent voltage 

• Variable voltage gain 

• Low distortion 
• Fourteen pin dual·in·line package 

• Low voltage operation, 4V 

Applications 
• AM-FM radio amplifiers 

• Portable tape player amplifiers 

• Intercoms 
• TV souJ1d systems 

• Line drivers 

• Ultrasonic drivers 

• Small servo drivers 

• Power converters 

Equivalent Schematic' and ;Connection Diagram 

l' 

r-------------------------~~----~-ovs Dual·ln·Line Package 

-INPUT 

15k 

13 
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:: I GND 
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GAIN 9 BOOTSTRAP 

-INPUT +INPUT 

TOP VIEW 

Order Number LM388N-1, 
LM388N-2 or LM388N·3 
See NS Package N14A 

Typical Applications 
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(Amplifier with Gain = 201 
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FIGURE 2. Load Returned to Vs 
(Amplifier with Gain = 201 



'Absolute Maximum Ratings 
Supply Voltage 15V 
Supply Voltage (LM388N-3 Only) 22V 
Package Dissipation 14-Pin DIP (Note 1) 8.3W 
Input Voltage' ±O.4V 

Storage Temperature --£5°C to +150°C 
Operating Temperature O°C to +70°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics T A = 25°C, (Figure 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Supply Voltage (Vs ) 

LM388 4 12 V 

LM388N·3 ,5 18 V 

Quiescent Current (1 0 ) V IN = 0 

LM388 Vs = 12V 16 23 mA 

LM388N-3 Vs = 16V 20 35 mA 

Output Power (POUT)' (Note 2) Rl = R2 = 180n, THO = 10% 

LM388N-l Vs = 12V, RL = 8n 1.5 2.2 W 

Vs = 6V, RL = 4n} R,i = R2 = 180n 0.6 0.8 W 

LM388N-2 Vs = 6V, RL = 4n 0.8 0.9 W 

LM388N·3 Vs = 16V, RL = 8n 2.5 3_S W 

Voltage Gain (Av) Vs = 12V, f= 1 kHz 23 26 30 dB 

10IlF From Pin 2 to '6' 46 dB 

Bandwidth (BW) Vs = 12V, 'Pins 2 and 6 Open 300 kHz 

Total Harmonic Distortion (THO) Vs = 12V, RL = sn, POUT = 500 mW, 0.1 1 % 

f = 1 kHz, Pins 2 and 6 Open 

Power Supply Rejection R~tio Vs = 12V, f = 1 kHz, CBYPASS = 10llF, 50 dB 

(PSRR), (Note 3) Pins 2 and 6 Open, Referred to O'-Itput 

Input Resistance (R IN ) . 10 50 kn 

Input Bias Current (lBIAS) Vs = 12V, 'Pins 7 and 8 Open 250 nA 

Note 1:. Pins 3, 4,5, 10, 11,12 at 25°C. Derate at 15°C/W above 25°C case. 
Note 2: The amplifier should be in high gain for full swing on higher supplies due to input voltage limitations. 
Note 3: Ii load and bypass capacitor are returned to Vs (Figure 2), rather tha~ ground (Figure 1), PSRR is typically 30 dB. 

Typical Performance Characteristics 
Power Supply Rejection Ratio 

Maximum Device Dissipation vs Quiescent Supply Current vs (Referred to the Outputl vs 
Ambient Temperature Supply Voltage Frequency 
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Typical Performance Characteristics (Continued) 
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To make the LM3BB a more versatile amplifier, two pins 
(2 and 6) are provided for gain control. With'·pins 2 and 
6 open, the 1.35 kn resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 2 to 6, bypassing the 
1.35 kn resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain can 
be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
lOOn internal resistor. If the capacitor is eliminated and 
a resistor connects pin 2 to 6 then the output dc level 

may shift due to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. 
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Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain 
and frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 6 to 13 (paralleling the internal 
15 kn resistor). For 6 dB effective bass boost: R "'" 



Application Hints (Continued) 

15 kfl., the lowest value for good stable operation is 
R = 10 kfl. if pin 2 is open. If pins 2 and 6 are bypassed 
then R as low as 2 kfl. can be used. This restriction is 
because the ampl ifier is only compensated for closed
loop gains greater than 9 V N. 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 kn resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source resistance 
driving the LM388 is higher than 250 kfl. it will contri· 
bute very little additional offset (about 2.5 mV at the 
input, 50 mV at the output). If the dc source resistance 
is less than 10 kfl., then shorting the unused input to 

, ground will keep the qffset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitive IV 
coupled. 

Wh'en using the LM388 with higher gains (bypassing the 
1.35 kfl. resistor bet",!een pins 2 and ,6) it is necessary to 
bypass the unused input, preventing degradation of' gain 
and possible instabilities. This is done with a O.1/lF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 

Bootstrapping 

The base of the output transistor of the LM388 is 
brought out to pin 9 for Bootstrapping. The output 
stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry. 

Rl + R2 set the amount of base current available to the 
output transistor. The maximum output current divided 
by Beta is the value required for the current in, R 1 and 
R2: 

Typical Applications (Continued) 

,...----.--ov. 
RI 14 

FIGURE 3. 

(Vs /2)-VBE 
(Rl + R2) =lio 

lOMAX 

Good design values are VBE = 0.7V and lio = 100. 

Example:'l wATT into 8n load with Vs = 12V. 

10 MAX 500mA 

(
(1'2/2).,-0.7) , 

(Rl + R2) = 100 = 1060fl. 
0.5 ' 

To keep the current in R2 con;tant during positive 
swing capacitor CB is added. As the output swings 
positive CB lifts R 1 and R2 above the supply, main
taining a constant voltage across R2. To minimize the 
value of CB, Rl = R2. The, pole due to CB and Rl and 
R2 is 'usually set equal to the pole due to 'the output 
coupling capacitor and the load. This gives: 

Example: for 100 Hz pole and RL = 8f1.; Cc = 200/lF 
and CB = 8/lF, if Rl is made a diode and R2 increased 
to give the same current, CB can be decreased by about 
a factor of 4, as in Figure 4. 

For reduced component count the load can replace R 1. 
The value of (Rl + R2) is 'the same, so R2 is increased. 
Now CB is both the coupling and the bootstrapping 
capacitor (see' Figure 2). 

~'Pl-F ____ OV' 

FIGURE 4. Amplifier with Gain = 200 and Minimum CB 
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Typical Applications (Continued) 
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Vs "6V AL =4n PO" 1.0W 
Vs "12V AL =8n Po "4W 

FIGURE 5. Bridge Amp 
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FIGURE 6a. Amplifier with Bass Boost 
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FIGURE 6b. Frequency Response with Bass Boost 

510 

FIGURE 8. AM Radio Power Amplifier 

TALK 

L-____ + __ :> LISTEN 

FIGURE 7. Intercom 

250pF 

8!l +1 
SPEAKER 

O.1$o!F 

T ,.. 
Not. 4: Alel band limits input signals. 

REMOTE 

Note 1: Twist supply lead and supply ground very tightly. 
Note 2: Twist speaker lead and ground very tightly. Note 5: All components must be spaced very close to IC. ' 
Note 3: Ferrite bead is Ferroxcube K5·00l·00l/38 with 3 
turns of wire. 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

LM389 Low Voltage Audio Power Amplifier With NPN 
Transistor Array 
General Description 
The LM389 is an array' of three NPN transistors on the 
same substrate with an audio power amplifier similar to 
the LM386. -

The amplifier inputs are ground referenced while the 
output is automatically biased to one half the supply 
voltage. The gain is internally set at 20 to minimize 
external parts, but the addition of an external resistor 
and capacitor between pins 4 and 12 will increase the 
gain to any value up to 200. 

The three transistors have high gain and excellent 
matching characteristics. They are well suited to a wide 
variety of applications in dc through VHF systems. 

Features 
Amplifier 

• Battery operation 
• Minimum external parts 
• Wide supply voltage range 

• Low quiescent current drain 

• Voltage gains from 20 to 200 
• Grou[ld referenced input 
• Self-centering output quiescent voltage 

• Low distortion 
Transistors 

• Operation from l/-lA to 25 mA 
• Frequency range from dc to 100 MHz 

• Excellent matching 

Applications 
• AM-FM radios 
• Portable tape recorders 

• Intercoms 
• Toys and games 

• Walkie·talkies 
• Portable phonographs 

• Power converters 

Equivalent Schematic and Connection Diagrams 

-I"rUT 

SUB 

• 

,------------.... --p-o., 

Dual·ln·Line Package 

DNO UNO +IN n BJ Cl GAIN C2 82 

-.." BYPASS GAIN -IN CI 81 £1 EZ 

Tor VIEW 

Order Number LM389N 
See NS Package N18A 
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Absolute Maximum Ratings 
Supply Voltage 15V Collector to Emitter Voltage, VCEO 12V 
Package Dissipation (Note 1) 715mW Collector to Base Voltage, VCBO lSV 
Input Voltage ±0.4V Collector to Substrate Voltage, VCID (Note 2)' lSV 
Storage Tt:mperature -6So C to +150°C Collector Current, IC 2SmA 
Operati~g Temperature O°C to +70°C Emitter Current, IE 2SmA 
Junction Temperature 150°C Base Current, IB SmA 
Lead Temperature (Soldering, 10 seconds) 300°C Power Dissipation (Each Transistor) TA.$ +70°C lS0mW 

Electrical Characteristics T A = 25°C 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

AMPLIFIER 

Vs Operating Supply Voltage 4 12 V 

Ie Quiescent Current Vs =6V, V ,N =OV 6 12 rnA 

POUT Output Power (Note 3) 
THD= 10% 

Vs =6V, RL =B!1 250 325 mW 

Vs = 9V, RL = 16!1 500 mW 

Av Voltage Gain Vs = 6V, f = 1 kHz 23 26 30 dB 

lOpF From Pins4 to 12 . 46 dB 

BW Bandwidth Vs =6V,Pins4and 120pen 250 kHz 

THO Total Harmonic Distortion Vs = 6V, RL = B!1. POUT = 125 mW, 0.2 3.0 % 

f = 1 kHz, Pins 4 and 12 Open 

PSRR Power Supply Rejection Ratio Vs =6V, f= 1 kHz, CaYPASS = 10pF, 30 50 dB 

Pins 4 and 12 Open, Referred to Output 

R'N Input Resistance 10 50 k!1 

IBIAS Input Bias Current Vs = 6V, Pins 5 and 16 Open 250 nA 

TRANSISTORS 

VeEO Collector to Emitter Ic = 1 mA, la = 0 12 20 V 

Breakdown Voltage 

Vcao Collector to Base Ic = 10pA, IE = a 15 40 V 

Breakdown Voltage 

Velo Collector to Substrate Ic = 10pA, IE = la = 0 15 40 V 

Breakdown Voltage 

VEao Em itter to Base IE = 10pA, Ic = a 6.4 7.1 7.B V 

Breakdown Voltage 

HF • Static Forward Current Ic = 10pA 100 

Transfer Ratio (Static Beta) Ie = 1 rnA 100 275 

Ic=10mA 275 

h .. Open·Circuit Output Admittance Ie = 1 mA, V CE = 5V, f = 1.0 kHz 20 ,umho 

Va. Base to Emitter Voltage I. = 1 rnA 0.7 0.B5 V 

)Va.,-VaE2 ' Base to Emitter Voltage Offset I. = 1 rnA 1 5 inV' 

VCESAT Collector to Emitter Ie = 10 rnA. la = 1 rnA 0.15 0.5 V 

Saturation Voltage 

CEa Emitter to Base Capacitance VEa = 3V 1.5 pF 

CeB Collector to Base Capacitance VCB = 3V 2 pF 

Cc, Collector to Substrate VCI = 3V 3.5 pF 

Capacitance 

h .. High Frequency Current Gain Ic = 10 rnA, VeE = 5V, f = 100 MHz 1.5. 5.5 

NotS 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1S<fC maximum junction temperature and a 
thermal resistance of 175°CIW junction to ambient. 
Note 2: The collector of each transistor is isolated from the substrate by an integral diode. Therefore, the collector voltage should remain positive 
with respect to pin 17 at all times. 

Note 3: If oscillation exists under some load conditions, add 2.7n and O.05J.r.F series network from pin 1 to ground. 
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Typical Amplifier Performance Characteristics 
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Typical Transistor Performance Characteristics 
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Typical Transistor Performance Characteristics (Continued) 
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. Application Hints 
Gain Control 

To make the LM389 a more versatile amplifier, two pins 
(4 and 12) are provided for gain control. With pins 4 and 
12 open, the 1.35 k!1 resistor sets the gain at 20 (26 dB). 
I f a capacitor is put from pin 4 to 12, bypassing the 
1.35 k!1 resistor, t.he gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
150!1 internal resistor. If the capacitor is eliminated and 
a resistor connects pin 4 to 12, then the output dc level 
may shift due to the additional dc gain. Gain control can 
also be done by capacitively coupling a resistor (or- FET) 
from pin 12 to ground. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
With a series RC from pin 1 to 12 (paralleling the inter
nal 15 k!1 resistor). For 6 dB effective bass boost: 
R == 15 k!1, the lowest value for good stable operation is 
R = 10 k!1 if pin 4 is open. If pins 4 and 12 are bypassed 
then R as low as 2 k!1 can be used. This re'striction is 
because the amplifier is only compensated for closed
loop gains greater than 9V IV. 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 k!1 resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source resis-
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tance driving the LM389 is higher than 250 k!1 it will 
contribute very Irttle additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the dc source resis
tance is less than 10 k!1, then shorting the unused input 
to ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively' 
coupled. 

When using the LM389 with higher gains (bypassing the 
1.35 k!1 resistor between pins 4 and 12) it is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with a O.lJ.lF 
capacitor or a short to ground depending on the dc 
source resistance of the driven input. 

Supplies and Grounds 

The LM389 has excellent supply rejection and does not 
require a well regulated supply. However, to eliminate 
possible high frequency stability problems, the supply 
should be decoupled to ground with a O.lJ.lF capacitor. 
The high current ground of the output transistor, pin 18, 
is brought out separately from small signal ground, 
pin 17. If the two ground leads are returned separately 
to supply then the parasitic resistance' in the power 
ground lead will not cause stability problems. The para
sitic resistance in the signal ground can cause stability 
problems and it should be minimized. Care should also 
be taken to insure that the power dissipation does not 
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Application Hints (Continued) 

exceed the maximum dissipation of the package for a 
given temperature. There are two ways to mute the 
LM389 amplifier. Shorting pin 3 to the supply voltage, 
or shorting pin 12 to ground will turn the arnplifier off 
without affecting the input signal. 

Transistors 

The three transistors on the LM389 are general purpose 
devices th at can be used the same as other small signal 
transistors. As long as the currents and voltages are kept 
within the absolute maximum limitations, and the 
collectors are never at a negative potential with respect 
to pin 17, there is no limit on the way they can be used. 

For 'example, the emitter-base breakdown voltage of 
7.1V can be used as a zener diode at currents from 
11lA to 5 rnA. These transistors make good LE D driver 
devices, VSAT is only 150 mV when sinking 10 rnA. 

I n the linear region, these transistors have been used in 
AM and FM radios, tape recorders, phonographs, and 
many other applications. Using the characteristic curves 
on noise voltage and noise current, the level of the 
collector current can be set to optimize noise perfor· 
mance for a given source impedance. Some of the cir· 
cuits that have been built are shown in Figures 1-7. 
This is by no means a complete list of applications, 
since that is limited only by the designers imagination. 

v, 

~:-{g-[g--Bf * 
LOCAL ase 1ST 2ND DETECTOR 

I!. MIXER IF IF 

OUTPUT AMPLIFIER & SPEAKER 

FIGURE 1. AM Radio 

O.OD1JJF 

t-------~~~------~------._------~~--------~~------~~~--06V 
3Sk Uk 

)) 
MI. 

D 

68k 

6.8k 

O.D2/JF 

All sWIt1:hu In I'!tord mooe 

Headchlrac1enstlc2BOmH/J00!2 

FIGURE 2. Tape Recorder 
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Application Hints (Continued) 
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Application Hints (Continued) 

1201< 

,._,_ 
O.6BR1e1 

+ 
5o.FT 

ON RATE 
11-1H~ 

10k 

11 

v, 

+10Y 

lk 

FREQ 
12511-1500 Hzl 

FIGURE 5. Siren 

+12V 

1k 

5.&k 

2.1k 
*T"m"., .... ,; 2'IR~1DkIC 

FIGURE 6. Voltage.controlled Amplifier or Tremolo Circuit 

NC 

12V 
v, 

r---------~--~~------------~~ •. ,"~ 
tOOk 6.2k 

20o.F 

2.1 +~ 
O.OS.F~ .". 

FIGURE 7. Noise Generator Using Zener Diode 

10-58 



~National - Audio/Radio Circuits 
~ Semiconductor 

LM390 t Watt Battery Operated Audio Power Amplifier 
General Description 
The LM390 Power Audio Amplifier is optimized for 
6V, 7.5V, 9V operation into low impedance loads. The 
gain is internally set at 20 to keep the external part 
count low, but the addition of an external resistor and 
capacitor between pins 2 and 6 will increase the gain to 
any value up to 200. The inputs are ground referenced 
while the output is automatically biased to one half 
the supply voltage. 

Features 
• 6attery operation 
.. lW outout Dower 

• Minimum external parts 

• Excellent supply rejection 

• Ground referenced input 
• Self·centering output quiescent voltage 

• Variable voltage gain 

• Low distortion 
• Fourteen pin dual-in-line package 

Applications 
• AM-FM radio amplifiers 

• Portable tape player amplifiers 

• Intercoms 
I 

• TV sound systems 
). Lamp drivers 

• Line drivers 

• Ultrasonic drivers 

• Small servo dr,ivers 

• Power converters 

Eq'uivalent Schematic and Connection Diagrams 
14 

r-------------------------~~--~------_1~vs 

Dual-In-Line Package 

-INPUT 

13 
t-~~~JV~-t------~~-----+-----r--------t-~VOUT 

3,4,5, 
10.11.12 

~~~-4~----------~~.-__ t-------~------------~~GNO 

BYPASS 

GAIN 

GAIN 

-INPUT 

14 Vs 

r-__ .....,,,,';.J .vo UT 

:: I GNO 
10 

9 BOOT 
STRAP 

+INPUT 

TOP VIEW 

Order Number LM390N 
See NS Package N14A 

Typical Applications 
'6V 

180 

5D~F 

13 +~ 

r~ ~. 
FIGURE 1. Load Returned to Ground 

(Amplifier with Gain = 201 
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FIGURE 2. Load Returned to Supply 
(Amplifier with Gain = 201 



Absoktli:.um Ratings 
Supply VG'I'!li\flt' .. 

Package Dis~ol!l M-Pin DIP 
Input VQlt~·~ , . 
Storage Tempi!1'iIt!.lre 
Operating t~nrtiire' 
Junction "f.e;!\.~r.ature 
Lead Temper8ture.,(Soldering, 10 seconds) 

(Note 1) 

10V 

B.3W 
±0.4V 

-65°e to +150oe 
oOe to +70oe 

1500 e 
3000 e 

ElectriQ8t: 'Characteristics T A = 25°e, (Figure 1J 

·:.~~~TER CONDITIONS 

Vs O~~"VSUPPIV Voltage 

10 QUie .. nt Current. VS=6V.V'N=0 

POUT ,O.tPower Vs = 6V. RL = 411. THO = 10%. (Note 2) 

Av Voltage Gain Vs =6V.f= 1 kHz 

10l'F from Pin 2 to 6 

8W Iilandwidt~ Vs = 6V. Pins 2 and 6 Open 

THO Total Harmonic Distortion Vs = 6V. RL = 411. POUT = 500 mW 

f = 1 kHz. Pins 2 and 6 Open 

PSRR Power Supplv Rejection Ratio Vs = 6V. f = 1 kHz. CSYPASS = 101'F. 

Pins 2 and 6 Open. Referred to Output 

(Note 3) 

R'N Input f!!e,si'stance 

ISlAS: I "~ut, Bias-:Current Vs = 6V. Pins 7 and 8 Open 

Note 1: Pins i, '4; !i,:1'~' 11. 12 at 25'C. Derate at 15'C/W above 25'C case. 

MIN TVP MAX UNITS 

4 9 V 

10 20 mA 

0.8 1.0 W 

23 26 30 d8 

46 dB 

300 kHz 

0.2 % 

50 dB 

10 50 kl1 

250 nA 

Note 2: If osciHatim:' ,exists under some load conditions, add 2.7n and O.05.uF series network from pin 13 to ground. 

Nota 3: If load aAd bypass capacitor are returned to Vs (Figure 2). rather than ground (Figure 7). PSRR is typically 30 dB. 
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Typical Performance Characteristics (Continued) 

Device Dissipation vs Device Dissipation vs 
Output Power an Load . Distortion vs Output Power Output Power 4n Load 
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Application Hints 

Gain Control 

To make the LM390 a more versatile amplifier, two pins 
(2 and 6) are provided for gain control. With pins 2 and 
6 open, the 1.35 kn resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 2 to 6, bypassing the 
1.35 kn resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain can 
be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
150n internal resistor. If the capacitor is eliminated and 
a resistor connects pin 2 to 6 then the output dc level 
may shift d.ue to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. . 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain 
and frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 6 to 13 (paralleling the internal 
15 kn resistor). For 6 dB effective bass boost: R 2!! 

15 kn, the lowest value for good stable operation is 
R = 10 kn if pin 2 is open. If pins 2 and 6 are bypassed 

·then R as low as 2 kn can be used. This restriction is 
because the amplifier is only compensated for closed· 
loop gains greater than 9 VIV. 

Typical Applications (Continued) 

...----.... -oVs 

R1 14 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 kn resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source resistance 
driving the LM390 is higher than 250 kn it will contri· 
bute very little additional offset (about 2.5 mV at the 
input, 50 mV at the output). If the dc source resistance 
is less than 10 kn, then shorting the unused input to 
ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM390 with higher gains (bypassing the 
1.35 kn resistor between pins 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a O.lIlF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 

Bootstrapping 

The base of the output transistor of the LM390 is 
brought out to pin 9 for Bootstrapping. The output 
stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry. 

FIGURE 3. 
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Application Hints (Continued) 

Rl + R2 set'the amount of base current available to the 
output tranSistor. The maximum output current'divided 
by Beta is the value required for the current in Rl and 
R2: 

(V /2) - V 
(Rl+R2)~f30 S BE 

10 MAX 

Good design values are VBE ~ 0.7V and f30 ~ 100, 

Example 0.8WATT into 4Q load with Vs ~ 6V. 

10 MAX ~ /{!-Po 
- ~632mA 
RL 

(
(6/2) - 0.7) 

(Rl + R2) ~ 100 ~ 364Q 
, 0.632 

Typical Applications (ContinU~d) 

To keep the current in R2 constant during positive 
swing capacitor CB is added. As the output swings 
positive Ce lifts R 1 and R2 above the supply, main· 
taining a constant voltage across R2. To minimize the 
value of Ce , Rl ~ R2. The pole due to CBand Rl and 
R2 is usually set equal to the pole due to the output 
coupling capacitor and the load. This gives: 

Example: for 100 Hz pole and RL ~ 4Q; Cc ~ 400pF 
and Cs ~ 16pF, if Rl is made a diode and R2 increased 
to give the same current, Ce can be decreased by about 
a factor of 4, as in Figure 4. 

For reduced component count the load can replace R 1, 
The value of (Rl + R2) is the same, so R2 is increased. 
Now Cs is both the coupling and the bootst;apping 
capacitor (see Figure 2). 

FIGURE 4. Amplifier with Gain = 200 and Minimum CB 

BV 

FIGURE 5. 2.5W Bridge Amplifier 
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Typical Applications (Continued) . 
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FIGURE 6(al. Amplifier with Bass Boost FIGURE 6(bl. Frequency Response with Bass Boost 
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FIGURE 7. Intercom 
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FIGURE 8. AM Radio Power Amplifier 

REMOTE 

!50"1JF 

Bll 
SPEAKER 

0.1 JJF *" ~' 

Nato 1: Twist supply lead and supply ground very tightly. 
Nato 2: Twist speaker lead and ground very tightlY, 

Note 4: RICI band limits input signals. 

Note 3: Ferrite bead is Ferro~cube K5·001·001/3B with. 3 
turns of wire. 
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~National a Semiconductor 

LM391 Audio Power Driver 

General Description 
The LM391 audio power driver is designed to drive 
external power transistors in 10 to 100 watt power 
amplifier designs. High power supply voltage operation 
and true high fidelity performance distinguish this IC. 
The LM391 is internally protected for output faults and 
thermal overloads; circuitry providing output transistor 
protection is user programmable. 

Audio/Radio Circuits 

Features 
~ High Supply Voltage 
• Low Distortion 
.. Low Input Noise 
• High Supply Rejection 

±30,±40,or±50Vmax 
0.01% 

3p.V 
90dB 

• Gain and Bandwidth Selectable 
• Dual Slope SOA Protection 
• Shutdown Pin 

Equivalent Schematic and Connection Diagram 

r---~--'---------~~---------'----------~t---~-ol5 v. 

ik 

14 
SHUTDOWN 

Z5k 

Z5k 

..... --+-0 8 OUTPUT SOURCE 

:I-~----+_o 10 • I LIMIT 

1... .. ,.....-11-0" .SOA 

.... --------... -0 9 OUTPUT SENSE 

~!4!~I-O_ 12 -seA 

"> ... ----+--0 13 -I LIMIT 

.... ----..... ~--------I-o() i OUTPUT SINK 

25k 

25k 

L-----~~----_6------~~--------------~_ol6 v-

.'N 
-IN 

CDMPC 

RIPPLE C 

SINK 

BIAS 

BIAS 

SOURCE 

Dual·ln·Lin. Package 

16 

15 

Top View 

v-
v· 
SHUTDOWN 

-I LIMIT 

-SDA DIODE 

+SOA DIODE 

+1 LIMIT 

OUTPUT SENSE 

Order Number LM391N·60, LM391N·80, 
or LM391N·l00 

See NS Package N16A 
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Absolute Maximum Ratings 

Supply Voltage 
LM391N - 60 
LM391N - 80 
LM391N - 100 

I nput Voltage 

±30Vor+60V 
±40Vor+80V 

±50Vor+l00V 
Supply Voltage less 5 V 

Shutdown Current (Pin 14) 
Package Dissipation (Note 1) 

Storage Temperature 
Operating Temperature 
Lead Temperature (Soldering, 10 seconds), 

lmA 
1.39W 

":~$OC to + 150°C 
itc to +70°C 

+300°C 

Electrical Characteristics T A = 25°C (The following are for V+ = 90% VMAX and V- = 90% VMAX.) 

Parameter Conditions Min Typ Max Iilnits 

Quiescent Current current in pin 15 
LM391N - 60 VIN = 0 3 10 mA 
LM391N - 80 4 8 mA 
LM391N - 100 5 6 mA 

Output Swing positive V+-7 V+-5 V 
negative V-+7 V-+5 V 

Drive Current source (pin 8) 5 mA 
sink (pin 5) 5 rnA 

Noise (20 - 20 kHz) input referred 3 v.V 

Supply Rejection input referred 70 90 dB 

Total Harmonic Distortion f = 1 kHz 0.01 % 
f = 20 kHz 0.10 0.25 % 

Intermodulation Distortion 60 Hz, 7 kHz, 4:1 0.01 % 

Open Loop Gain f = 1 kHz 1000 5500 VIV 
Input Bias Current 0.1 1.0 p.A 

Input Offset Voltage 5 20 mV 

Positive Current Limit VBE pin 10-9 650 mV 

Negative Current Limit VBE pin9-13 650 mV 

Positive Current Limit Bias Current pin 10 10 100 p.A 

Negative Current Limit Bias Current pin 13 10 100 p.A 

Pin 14 Current Comments 
Minimum pin'14 current required for shutdown is 0.5 mA, and must not exceed 1 mAo 
Maximum pin 14 current for amplifier not shut down is 0.05 mAo 
The typical shutdown switch point current is 0.2 mAo 

Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 1500 C maximum junction tempef8-
ture and a thermal resistance of 90° C/W junction to ambient. 

Typical Applications 
v+O--.--9-------~------~~~ 

Rtf 

v-o-_-_---------_--' 
Figure 1. LM391 with External Components - Protection Circuitry Not Shown 
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Typical Performance Characteristics 

Total Harmonic Distortion vs Total Harmonic Distortion vs 
Output Power vs Supply Voltage Frequency ( RL = 8n ) Frequency ( R L = 4n ). 

200 0.20 0.40 

i 180 o.IS 0.36 
160 I 0.16 I 0.3e I .. Av- 200 1 .. 140 0.14 Dis t RL=4n V AV = 2001 

a 120 . 
V 

g 0.12 ~ 0.24 V I- 100 ~ 0.10 c 0.20 .. 
./ V / .. j = I so I- 0.08 I- 0.16 .. V / ~ 60 
/' 

0.06 0.12 
2 RL -Sn 
I- 40 

V- ,., 0.04 O.OS 
" AV=2o AV=2o 
~ 20 0.02 0.04 .. o~~ 

"0 ±20 .30 ±4o 20 50 100200 500 lk 2k 5k lQk ZOk 20 50 100200 500 ,. 2k 5. 10k 20k 
SUPPLY VOLTAGE (VOLTS) FREQUENCY (HERTZ) FREQUENCY (HERTZ) 

Input Referred Power Supply Total Harmonic Distortion vs 
Open Loop Gain vs Frequency Rejection vs Frequency AB Bias Current 

100 100 I I POSITIVE SUPPLY 
0.5 

90 
CC= 5pF in I I 0.4 SO 2~ 90 

NEG1T1vl SUlpPLY ,! ZoJHZ ,,~ 

~ 
70 

" 
i=~ "w 

60 ~e SO 0.3 

~ ~ffi WITH CR g 
50 >IC 

'\ 
c 

~ .. = .. Cc = 5pF WITH ~~ I- o.Z 40 70 ;;: 1 MnRESISTOR 0 ... '\ '\ l\ .. 
3D 

" ~~ '\.'\ WITHOUTCR 
0.1 ..... RL =4n 

20 2!: 60 
I I I \. 10 

" I I RL "'Bn 
0 50 0 

100 lk 10k lOOk 1M 10M ZO 50 100Z00 SOD ,. Zk 5k 10k ZOk 0 5 10 15 ZO 25 3D 35 40 45 50 
FREQUENCY (HERTZ) CR" Cc FREQUENCY (HERTZ) AB BIAS CURRENT (MILLIAMPS) 

Pin Descriptions I 
Pin No. Pin Name Comments 

1 + Input Audio input 

2 - Input Feedback input 

3 Compensation Sets the dominant PC?le 

4 Ripple Filter Improves negative supply rejection 

5 Sink Output Drives output devices and is emitter of AB bias VBE multiplier 

6 BIAS Base of VBE multiplier 

7 BIAS Collector of VBE multiplier 

8 Source Output Drives output devices 

9 Output Sense Biases the IC and is used in protection circuits 

10 ;: Currerit Lfmit 
.. 

Base of positive side protection circuit ·transistor , 
11 +SOA Diode Diode used for dual slope SOA protection 

12 ( -SOA Diode Diode used for dual slope !lOA protectio!'1 

13 - Cu rrent Lim it Base of negative side protection circuit transistor 

14 Shutdown Shuts off amplifier when current is pulled out of pin 

15 V+ Positive supply 

16 V- Negative supply 
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External Components (figure 1) 

Component Typical Value 

CIN l~F 

RIN lOOk 

Rf2 100k 

Rfl 5.1k 

Cf 

Cc 5pF 

RA 3.9k 

RB 10k 

CAB O.l/lF 

CR 5pF 

Reb lOOn 

'RO 2.7n 

Co O.l~F 

RE O.3n 

RTH 39k 

c2,Ci 1000pF 

XL 10n 115~H 

Comments 

Input coupling capacitor sets a low frequency pole with RIN. 

fL = 1 
2rrRINCIN 

Sets input impedance and DC bias to input. 

Feedback resistor; for minimum offset voltage at the output this should be equal 
to RIN. 

Feedback resistor that works with Rf2 to set the voltage gain. 

Rf2 
AV= 1 +-

Rfl 

Feedback capacitor. This reduces the gain to unity at DC for minim!lm offset 
voltage at the output. Also sets a low frequency pole with Rfl' 

1 
fL=---

?1TR.z: .. r..c. _ .. " I -. 

Compensation capacitor. Sets gain bandwidth product and a high frequency pole. 

GBW = 1 fh = GBW 
2rr5000Cc AV 

Max fh for stable design"" 500 kHz. 

AB bias resistor. 

AB bias potentiometer. Adjust to set bias current in the output stage. 

Bypass capacitor for bias. This improves high frequency distortion and transient 
·response. 

Ripple capacitor. This improves negative supply rejection at midband and high 
frequencies. CR, if used, must equal CC. 

Bleed resistor. This removes stored charge in output transistors. 

Output compensation resistor. This resistor and Co compensate the output 
stage. This value will vary slightly for different output devices. 

Output compensation capacitor. This works with RO to form a zero that cancels 
f{3 of the output power transistors. 

Emitter degeneration resistor. This resistor gives thermal stability to the output 
stage quiescent current. I RC PW5 type. ' 

Shutdown resistor. Sets the amount of current pulled out of pin 14 during 
shutdown. 

Compensation capacitors for protection circuitry. 

Used to isolate capacitive loads, usually 20 turns of wire wrapped around a lOn, 
2 W resistor. 
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i Application Hints 

. =s GENERALIZED AUDIO POWER AMP DESIG.N 

Givens: Power Output 
Load Impedance 
Input Sensitivity 
Input Impedance 
Bandwidth 

The power output and load impedance determine the 
power supply requirements. O_uwut signal swing and 
current are found from: 

VOpeak=V2RLPO 

I pO 
IOpeak= -

RL 

(1) 

(2) 

Add 5 volts to the peak output swing (VOp) for transis
tor voltage to get the supplies, i.e., ±(VOp + 5 V) at a 
current of I peak. The regulation of the supply determines 
the unloaded voltage, usually about 15% higher. Supply 
voltage will also rise 10% during high line conditions. 

max supplies'" ±(VOpeak + 5)(1 + regulation)(l.l) (3) 

The input sensitivity and output power specs determine 
the required gain. 

(4) 

Normally the gain is set between 20 and 200; 'for a 25 
watt, 8 ohm amplifier this 'results in a sensitivity of 
710mV and 71 mV, respectively. The higher the gain. 
the higher the THO. as can be seen from the character
istics curves. Higher gain also results in more hum and 
noise at the output. 

The desired input impedance is set by RIN. Very high 
values can cause board layout problems and OC offsets 
at the output. The bandwidth requirements determine 
the size of Cf and Cc as indicated in the external 
component listing. 

The output transistors and drivers must have a breakdown 
voltage greater than the voltage determined by equation 
(3). The current gain of the driver and output device 
must be high enough to supply IOpeak with 5 mA of 
drive from the LM391. The power transistors must be . 
able to dissipate approximately 40% of the maximum 
output power; the drivers must dissipate this amount 
divided by the current gain of the outputs. See the 
output transistor selection guide, table A. 

To prevent thermal runaway of the AB bias current the 
following equation must be valid: . 

where: 

RE(!1MIN + 1) 
(JJA <,--='--'='--

VCEOMAX(K) 
(5) 

/! JA is the thermal resistance of the driver transistor, 
junction to ambient, in ·C!W. 

R E is the emitter degeneration resistance in ohms. 

!1min is that of the output transistor. 

VCEOMAX is the highest possible value of one 
supply from equation (3). 

K is the temperature coefficient of the driver base
emitter voltage, typically 2 mV fc. 

Often the value of R E is to be determined and equation 
(5) is rearranged to be: 

/!JA (VCEQMAX) K 
RE ;;.-------

flMIN+l 

(6) 

The maximum average power dissipation in each output 
transistor is: 

Po MAX = 0.4 POMAX (7) 

The power dissipation in the driver transistor is: . 

- POMAX 
PORIVER(MAX) =--- (8) 

flMIN 

Heat sink requirements are found using the following 
formulas: 

where: 

T JMAX - T AMAX 
8JA <,------

Po 

lISA <, /!JA - (JJC - /!CS 

(9) 

(10) 

TjMAX is maximum transistor junction temperature. 

T AMAX is maximum ambient temperature. 

/! JA is thermal resistance junction to ambient. 

(JSA is thermal resistance sink to ambient. 

/! JC is thermal resistance junction to case. 

6CS is thermal resistance case to sink, typically 
l·C!W for most mountings. 
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Application Hints (Continued) 

PROTECTION CIRCUITRY 

The protection circuits of the LM391 are very flexible 
and should be tailored to the output transistor's safe 
operating area. The protection V·I characteristics, 
circuitry, and resistor formulas are described below. The 
diodes from the output to each supply prevent the 
output voltage from exceeding the supplies and harming 
the output transistors. The output will do this if the 
protection circuitry is activated while driving an 
inductive load. 

TURN·ON DELAY 

It is often desirable to delay the turn·ON of the power 
amplifier so turn·ON pops in the preamplifier do not go 
to the speakers. 

This is easily implemented by putting a resistor in series 
with a capacitor from pin 14 to ground. The value of 

v, , , 

the resistor is set to limit the current to less than 1 mA 
(the absolute maximum). This resistor with the capacitor 
gives a time constant of RC. The turn·ON delay is 
approximately 2 time constants. 

Example: 
Amplifier with maximum supply of 30V, like the 
20 W, an example in the data sheet, requiring a delay 
of 1 second. 

Time delay = 2 RC 
Max V+ 

R=---
1 mA 

So: 

R = 30k. Solving for C gives 16.7 J.LF. Use C = 20 J.LF 
with a 30V rating. 

OUTPUT !:: 
.-----~~>+------------~--~O 

Cz IS FOR STABILITY ~ IDDDpF 

Protection Circuitry with External Components Protection Characteristics 

Protection Circuit Resistor Formulas (VB = V+) 

Type of Protection RE,Ri: R" R; R2,Rl! R3,Ra 

Current Limit RE=-"'-
IL 

Not Required Short Not ,Required 

Single Slope SOA RE=-"'- VM- '" 
Protection Rl=R2(--) lkn Not Required 

IL 
'" 

Dual Slope SOA RE=-"'_I VM-'" R3=R2~~-~ Rl=R2(-",-) lkn Protection IL IL RE-'" 
(Va = v+) 

N'ote: <P is the current limit VSE voltage, 650mV. Assumptions: V+ » <p, VM » <p. V+ is the load supply voltage. VM is the 
maximum rated V CE of the output tranSistors. 
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Application Hints (Continued) 

TRANSIENT INTERMODULATION DISTORTION 

There has been a lot of interest in recent years about 
transient intermodulation distortion. Matti Otala of 
University of Oulu, Oulu, Finland has published several 
papers on the subject. The results of these investigations 
show that the open loop pole of the power amplifier 
should be above 20 kHz. 

To do this with the LM391 is easy. Put a 1 Mn resistor 
from pin 3 to the output and the open loop gain is 
reduced to about 46d8. Now the open loop pole is at 
30 kHz. The current in this resistor causes an offset in 
the input stage that can be cancelled with a resistor from 
pin 4 to ground. The resistor from pin 4 to ground 
should be 910 kn rather than 1 Mn to insure that the 
shutdown circuitry will operate correctly. The slight 
difference in resistors results in about 15 mV of offset. 
The 40W, 8n amplifier schematic shows the hookup,of 
these two resistors. 

8RIDGE AMPLIFIER 

A switch can be added to convert a stereo amplifier to a 
single bridge amplifier. The diagram below shows where 
the switch and one resistor are added. When operating 
in the bridge mode the output load is connected 
between the two outputs, the input is VIN #1, and 
VIN #2 is disconnected. . 

Typical Applications (Continued) 

5.lk lOOk 

VO#I 

lOOk 

OSCILLATIONS & GROUNDING 

Most power amplifiers work the first time they are 
turned on. They also tend to oscillate and have excess 
THO. Most oscillation problems are due. to inadequate 
supply bypassing and/or ground loops. A 10/lF, 50 V 
electrolytic on each power supply will stoP"supply
related oscillations. However, if the signal ground is used 
for these bypass caps the THO is usually excessive. The 
signal ground must return to the power supply alone. as 
must the output load ground. All other grounds -
bypass, output R-C, protection, etc., can tie together 
and then return to supply. This ground is called high 
frequency ground. On the 40W amplifier schematic all 
the grounds are labeled. . 

Capacitive loads can cause instabilities, so they are 
isolated from the amplifier with an inductor and resistor 
in the output lead. 

A8 BIAS CURRENT' 

To reduce distortion in the output stage, all the tran
sistors are biased ON slightly. This results in class A8 
operation and reduces the crossover (notch) distortion 
of the class 8 stage to a low level, (see the curve on page 
10-70). The potentiometer, R8, from pins 6-7 is ad
justed to give about 25 mA of current in the output 
stage. This current is usually monitored at the supply 
or by measuring the voltage across RE. 

lOOk 5.lk 

~'l<fr 
STEREO '::' 

Bridge Circuit Diagram 

Output Transistors Selection Guide 

Table A. 

Driver Transistor Output Transistor 
Output Power 

PNP NPN PNP NPN 

20W@8n 
80344 80345 80346 80347 

30W@4n 

40W@89 
80348 80349 80350 80351 

60W@4n 
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Application Hints (Continued I 

A 20W. Bn;30W. 4n AMPLIFIER 

Givens: 

Power ou~put 20W into an 
30W into 4n 

Input Sensitivity 

I nput Impedance 

Bandwidth 

1 V max 

lOOk 

20Hz - 20 kHz ± 0.25 dEl 

Equations (11 and (21 give: 

20W/Bn 

30W/4n 

VOp;17.9V 

VOP; 15.5V 

Therefore the supply required is: 

±23 V @ 2.24 A. reducing to ... 

±21 V@3.B7A 

lOp; 2.24A 

lOp; 3.B7A 

With 15% regulation and high line we get ±29 V from 
equation (31. 

Sensitivity and equation (41 set minimum gain: 

AV;;;' y20x B; 12.65 
1 . 

We will use a gain of 20 with resulting sensitivity of 
632mV. 

Letting RIN .,qual lOOk gives the required input imped· 
ance. For low DC offsets at the output we let Rf2 ; 
lOOk. Solving for Rfl gives: 

Rf2; lOOk 

lOOk 
Rfl ; 20 _ 1 ; 5.26k; use 5.1 k 

The bandwidth requirement must be stated as a pole. 
i.e .• the 3 dB frequency. Five times away from a pole 
gives 0.17 dB down. which is better than the required 
0.25 dB. Therefore: 

20 fL;-;4Hz 
5 

fh; 20k x 5; 100kHz 
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Solving for Cf: 

Cf;;;' 1 
. 2rrRfl fL 

The recommended value for Cc is 5 pF for gains of 20 
or larger. This gives a gain·ban<;:lwidth product of 6.4 MHz 
and a resulting bandwidth of 320 kHz. better than 
required. 

The breakdown voltage requirement is set by the maxi· 
mum supply; we need a minimum of 5B V and will use 
60 V. We must now select a 60 V power transistor with 
reasonable beta at IOpeak. 3.S7 A. The National S0346. 
B0347 complementary pair are 60V. 60W transistors 
with a minimum beta of 30 at 4 A. The driver transistor 
must supply the base drive given 5 mA drive from the 
LM391. The National 80344. B0345 complementary 
driver transistors are 60 V devices with a minimum beta 
of 40 at 200 mAo The driver transistors should be much 
faster (higher fTI than the output transistors to insure 
!h=! !h~ R.r. nn thp nll,t!'1l1t will ~revent instabilitv. 

To find the heat sink required for each output transistor 
we use equations (7). (91. and (101: 

PO; 0.4 (301; 12W (71 

{)SA';; 7.9 - 2.1 - 1.0; 4.SoCIW (101 

If both transistors are mounted on one heat sink the 
thermal resistance should be halved to 2.4°CIW. 

The maximum average power dissipation in each driver 
is found using equation (SI: 

- 12 
PORIVER(MAXI ;-; 400 mW 

30 

Using eq~ation (91: 

{)JA';; 155 - 55; 237°CIW 
0.4 



Application Hints (Continued) 
Since the free air thermal resistance of the National 
B0344, B0345 is 100°CIW, no heat sink is required. 
Using this information and equation (6) we can find the 
minimum value of RE required to prevent thermal 
runaway. 

R ;;;. 100(30) (0.002) 0.19.11 
E 30+ 1 

(6) 

We must now use the SOA data on the National B0346, 
B0347 transistors to set up the protection circuit. 
Below is the SOA curve with the 4.11 and sn load lines. 
Also shown are the desired protection lines. Note the 
value of VB is equal to the supply voltage, so .we use the _ 
formulas in the table. . 

D.C. SOA of 80346,80347 
Transistors 

Typical Appiicaiions (Continued) 

The data points from the curve are: 

Using the dual slope protection formulas: 

RE = 0.65 = 0.22.11 
3 

R2= 1k 

R1 = 1k (60- 0.65) "" 91k 
0.65 

23 
R3=lk( -1)""24k 

7 (0.22) - 0.65 

Note that an RE of 0.22.11 satisfies equation (6). The 
final schematic of this amplifier is below. If the output is 
shorted the current will be 1.SA and VCE is 23 V. Since. 
the input is AC, the average power is: 

short Po = %(l.S) (23) "" 21 W 

This power is greater than was used in the heat sink 
calculations, so the transistors will overheat for long
duration shorts unless a larger heat .sink is used .. 

v+·--._--------------._--~------._--._, 

-21 V TO -29V 
v---<l_---.. - __ .... __ ............ t-J 

20 W-8 .11, 30W4 .11 Amplifier with 1 Second Turn-ON Delay 
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Application Hints (Continued) 

A 40W/SO, 60W/40 AMPLIFIER 

Given: 

Power Output 40W/SO 
60W/40 

I nput Sensitivity 

I nput Impedance 

Bandwidth 

1 V max 

lOOk 

20 Hz - 20 kHz ± 0.25 dB 

Equations (1) and (2) give: 

40W/80 VOpeak = 25.3 V IOpeak = 3.16 A 

60W/40 VOpeak = 21.9V IOpeak = 5.48 A 

Therefore the supply required is: 

±30.3 V @ 3.16 A. reducing to ... 

With 15% regulation and high line we get ±38.3 V using 
equation (3). 

The minimum gain from equation (4) is: 

AV~18 

We select a gain of 20; resulting sensitivity i~ 900 mV. 

The input impedance and bandwidth are the same as the 
20 watt amplifier so the components are the same. 

Rfl=5.1k RIN=100k CC=5pF 

Rf2=100k Cf=10/lF 

The maximum supplies dictate using 80 V devices. The 
National B0350, B0351 pair are 80V, 160W transistors 
with a minimum beta of 40 at 2A and 20 at 6A. This 
corresponds to a minimum beta of 22.5 at 5.5A (lOpeak). 
The National B0348. B0349 driver pair are 80 V transis· 
tors with a minimum beta,of 50 at 250 mAo This output 
combination guarantees iOpeak with 5 mA from the 
LM391. 

Output transistor heat sink requirements are found using 
equations (7). (9), and (10): 

PO= 0.4(60) ';' 24W (7) 

200 - 55 ° / ° 8JA ,,;;;--- = 6.0 C W for T AMAX = 55 C 
24 . 

(9) 

8SA ,,;;; 6.0 - 1.1 - 1.0 = 3.9°CIW (10) 

For both output transistors on one heat sink the thermal 
resistance should be 1.9°CIW. 

Now using equation (8) we find the power dissipation 
in the driver: 

PORIVER = 24 = 1.2W 
20 

8JA";;; 150 - 55 = 79°CIW 
1.2 

(8) 

(9) 
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Since a heat sink is required on the driver. we should 
investigate the output stage thermal stability at the same 
time to optimize the design. If we find a value of RE 
that is good for the protectiori circuitry. we can then use 
equation (5) to find the heat sink required for the 
drivers. 

The SOA characteristics of the National BD350. B0351 
transistors are shown in the following curve along with a 
desired protection line. 

SOA B0350, B0351 
10 

\ \ 
..-- SOA 

\ 
, 

\ 4nLOAD 

5 
_'i .\': .....- -8nLOAO 

~/ ~'-.. 
'( \ \ \ 

3 ". 

N ~ IiPROTECTION - ~. ..... . ~ ~ 1 
"\ ~ o 

o W H ~ ~ ~ ~ ro ~ 

VCE (VOLTS) 

The desired data points are: 

Since the break voltage is not equal to the supply. we 
will use two resistors to replace R3 and move VB .. 

RE 

Circuit Used 

Thevenin Equivalent 



Application Hints (Continued) 

The formulas for R.E, R 1, and R2 do not change: 

RE = 0.65 = 0.22.11 
3A 

R = 1 k 80 - 0.65 
1 0.65 

120k 

The formula for R3 now gives RTH when the V+ in the 
formula becomes VB. 

RTH = R2L-~-- J 
~LRE-¢ J 

=lkr 47 J=25.55k 
U 1 (0.22) - 0.65 J 

VTH is the additional voltage added to the supply 
voltage to get VB. 

VTH = -(VB - V+) = -(47 - 30) = -17V 

Now we must find R~ and R ~ using the Thevinen 
formulas. Putting VTH, V-, and RTH into the appro· 
priate formulas reduces to: 

R~ =0.76R~ and 25.55k = R~ II R~ 

Typical Applications (Continued) 

5.1k 

SHUTDOWN 

* HIGH FREQUENCY GROUND 
"INPUT GROUND 

... SPEAKER GROUND 

lOOK 

NOTE: ALL GROUNOS5HOULO BE TIED TOGETHER 
orlL Y AT POIVER sum Y GROUND. 

50"CIW HEAT SINK ON B0348 AND B0349 
3.9'CIW HEAT SINK ON B0350 AND ilO351 

The easiest way to solve these eqxations is to iterate 
with standard values. If we guess R3 = 62k, then R~ = 
47.12k; use 47k. The Thevin impedance comes out 
26.7k, which is close enough to 25.55k. 

Now we will use equation (5) to determine the heat 
sinking requirements of the drivers to insure thermal 
stability: 

e .;;; 0.22 (20 + 1) "" 570C/W 
JA 40 (0.002) 

(5) 

This value is lower than we got with equation (9). so we 
will use it in equation (10): 

eSA .;;; 57 - 6 - 1 = 50oC/W (10) 

This is the required heat sink for each driver. For low 
TI M we add the 1 MQ resistor from pin 3 to the output 
and a 910k resistor from pin 4 to ground. The complete 
schematic is on page 11. 

If the output is shorted, the transistor voltage is about 
28 V and the current is 5 A. Therefore the average power 
is: 

short PD = Y, (28) 5 = 70W 

This is much larger than the power used to calculate the 
heat sinks and the output transistors will overheat if the 
output is shorted too long. 

r 21~T039V 

6811 

-21VTO-39V 

40 W-8 .11, 60 W-4 .11 Amplifier 
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~National . 
~ Semiconductor 

Audio/ Radio Circuits 

LM1035 Dual DC Operated Tone/Volume/Balance Circuit 

General Description 
The LM1035 is a DC controlled tone (bass/treble), volume 
and balance circuit for stereo applications in car radio, TV 
and audio systems. An additional control input allows 
loudness compensation to be simply effected. 

Four control inputs provide control of the bass, treble, 
balance and volume functions through application of DC 
voltages from a remote control system or, alternatively, 
from four potentiometers which may be biased from a 
zener requlated supply provided on the circuit. 

Each tone response is defined by a single capacitor 
chosen to give the desired characteristic. 

Block and Connection Diagram 

Features 
• Wide supply voltage range, 8V to 18V 
• Large volume control range, 80 dB typical 
• Tone control, ± 15 dB typical 
• Channel separation, 75 dB typical 
• Low distortion, 0.05% typical for an input level of 1 Vrms 
• High signal to noise, 80 dB typical for an input level 

of1 Vrms 

• Few external components required 

Dual·ln·Line Package 

INTERNAL SUPPLY DECOUPLE .1.1==:::;-':::;'--' 

INPUT 1 

TREBLE CAPACITOR 1 

TREBLE CONTROL INPUT 

AC BYPASS 1 

BASS CAPACITOR 1 

LOUDNESS COMPENSATlDN 
CONTROL INPUT 

OUTPUT 1 

BALANCE CONTROL INPUT 

GND 

TOP VIEW 

10·75 

INPUT 2 

1B TREBLE CAPACITOR 2 

17 ZENER VOLTAGE 

AC BYPASS 2 

BASS CAPACITOR 2 

. BASS CONTROL INPUT 

OUTPUT 2 

VOLUME CONTROL INPUT 

Vee 



, 
Absolute Maximum Ratings 
Supply Voltage 20V 

Control Pin Voltage(Plns4, 7, 9,12,14) Vee 
Operating Temperature Range O·Cto + 70·C 

Storage Temperature Range -65·Cto +150·C 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics Vee = 12V, TA= 25·C (unless otherwise stated) 
I 

Parameter " Conditions Min Typ Max Units 

Supply Voltage Range Pin 11 8 18 V 

Supply Current 35 45 mA 

Zener Regulated Output Pin 17 
Voltage 5.4 V 
Current 5 mA 

Maximum Output Voltage Pins 8, 13; 1 = 1 kHz 

Vee=8V 1.3 Vrms 
Vee = 12V 2 2.5 Vrms 

Vee=18V 3.5 Vrms 

Maximum Input Voltage Pins 2, 19; 1 = 1 kHz 2 2.5 Vrms 
(Note 1) Flat Response 

Input Resistance Pins 2, 19; 1 = 1 kHz 20 30 kO 

Output Re'sistance Pins 8, 13; (= 1 kHz 20 0 

Maximum Gain V(Pin 12)'= V(Pin 17); -2 0 2 dB 
1 = 1 kHz 

Volume Control Range 1 = 1 kHz 70 80 dB 

Gain Tracking. 1=1 kHz 
o dB through - 40 dB 1 3 dB 
- 40 dB through, - 60 dB 2 dB 

Balance Control Range Pins 8, 13; f = 1 kHz +1 dB 
-26 -20 dB 

Bass Control Range 1 =40 Hz, Cb = 0.39/tF 
(Note 2) V(Pin 14) = V(Pin 17) 12 15 18 dB 

V(Pin 14) = OV -12 -15 -18 dB 

Treble Control Range 1 = 16 kHz, Ct = 10 nF 
(Note 2) VWin 4) = V(Pin 17) 12 15 18 dB 

V(Pin 4)=OV -12 -15 -18 dB· 

Total Harmonic Distortion 1=1 kHz, Vi =1 Vrms, 0.05 0.2 .% 
Maximum Gain 

Channel Separation 1 = 1 kHz, Maximum. Gain 75 dB 

Signal/Noise Ratio Unweighted 100 Hz-20 kHz 
Maximum Gain, 0 dB = 1 Vrms 80 dB 
CCIR/ARM (Note 3) 
Gain=OdB 76 80 dB 
Gain= -20dB 64 dB 

Output Noise Voltage at CCIR/ARM (Note 3) 25 35 /tV 
Minimum Gain 

Supply Ripple Rejection 200 mVrms, 1 kHz Ripple 40 dB 

Control Input Currents Pins 4, 7,9,12,14 (V = OV) -0.6 -2.5 ItA 

Frequency Response - 1 dB (Flat Response 250 kHz 
20 HZ-16 kHz) 

Note 1: The maximum permissible input level is dependent on tone and volume settings. See App~ication Notes. 

Nole 2: The lone control range Is defined by capacitors <;b and et. See Application Notes. 
Nole 3: Measured with a CelR filter with a 0 dB level at 2 kHz and an average responding meter. 
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Typical Performance Characteristics 

'" ;:!. 

~ 

-20 

-40 

-60 

-80 

Volume Control 
Characteristic 

% 
il VIN~300 mV 

f~1 kHz 

I 
/ 

./ 
o .6 

V12 - CONTROL VOLTAGE (V) 

Tone Characteristic (Gain 
vs Frequency) 

Cb~0.39 ,.F 
I:-+HttIIH+H"IfIII",o-ttCt~O.OI "F 

-2 

-6 

'" 
-10 

~ 

z -14 
;;: 

'" -IB 

-22 

-26 

-3~ 

10 

.", 
~ 

z 
;;: 

Balance Control 
Characteristic 

CHANNEL:2 7"" 

o 

CHANNEL 1 

\ 

V9 - CONTROL VOLTAGE (V) 

Tone Characteristic (Gain 
vs Frequency) 

;; 
;:!. 

~ 

~ 
:z: 
;;: 
'" 

15 

10 

-5 

-10 

-15 

Tone Control Characteristic 

BOOST / 40 Hz OR 16 kHz 

/ 
/ 

V 
/ 

V CUT 
40 Hz OR 16 kHz 

o 2 . 3 

V4 OR VI4-CONTROL VOLTAGE (V) 

Loudness Compensated 
Volume Characteristic 

o I PI III ".nNi,jTlA'~~ PIN 7 I illilili 
CONNECTED TO PIN 12 

-10 

'" -20 

" -30 
/ 

-5rH*oo~*oo~~~~ 
MAXIMUM 

'" -5 \ 
/ 

-10 _BASS BOOST -10 
AND TRE~~ "\ 

-15 L..JoWIIIIL-_--'~IIIIL:loI.llllW -15 
20 100 lk 10k lOOk 20 

FREQUENCY (Hz) 

0.5 

0.2 

0.1 

§: 0.05 
co 
j: 

0.02 

0.01 

90 

! BO 
z 
51 70 
~ 
m 60 

!il 50 z z 
"'" :c 

40 u 

30 

THO vs Input Voltage 

f~10kHz 

f~lkHz .... k .,,/ 
/~ V 

"'" 
I~ / .... i""" 

fJlj Hi /. 

~ 
FLAT FREQUENCY IREJPOJSE 11;-
BALANCED GAINS 

0.25 0.75 1.25 1.75 2.25 

INPUT VOLTAGE (Vrms) 

Channel Separation vs 
Frequency 

k" -"r--. 
~ ...... ~ 

FLAT FREQUENCY RESPONSE 
BALANCED GAINS 

20 100 500 5k 20k 
FREQUENCY (Hz) 

-40 

\ 
-50 

100 lk 10k lOOk 20 . 100 lk 10k lOOk 

FREQUENCY (Hz) . FREQUENCY (Hz) 

90 

25 

20 

;; 15 
.;:!. 

iii 10 

Ii: . 5 

-5 

10·77 
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Application Notes 
TONE RESPONSE , 
The maximum boost and cut can be optimized for in
dividual applications by selection of the appropriate 
values of Cdtreble) and Cb(bass). 

The tone responses are defined by the relationships: 

1 + 0.00065 (1-ab) 

. i",Cb 
Bass Response = ---'---"'--

0.00065ab 
1+--

i",Cb 

1 + i",5500(1-al)Ct 
Treble Response = -""-.--'_.!'--

1 + J",5500atCI 

Where ab= at = 0 for maximum bass and treble boost 
respectively and ab= al= 1 for maximum cut. 

For the values of Cb and Ct of 0.39",F and 0.01",F as shown 
in the Application Circuit, 15 dB of boost orcut is obtained 
at 40 Hz and 16 kHz. 

ZENER VOLTAGE 

A zener voltage (pin 17 = 5.4V) is provided which may be 
used to bias the control potentiometers. Setting a DC level 
of one half of the zener voltage on the control inputs'; 
pins 4, 9,. and 14, results in the balanced gain and flat 
response condition. Typical spread on the zener voltage is 
± 100 mV and this must be taken into account if control 
signals are used which are not referenced to the zener volt
age. If this is the case, then they will need to be derived 
with similar accuracy. 

Application Circuit 

LOUDN.ESS COMPENSATION 

A simple loudness compensation may.be effected byap
plying a DC control voltage to pin 7. This operates on the 
tone control stages to produce an additional boost limited 
by the maximum boost defined by Cb and Ct. There is no 
loudness compensation when pin 7 is connected to pin 17. 
Pin 7 can be connected to pin 12 to give the loudness com
pensated volume characteristic as illustrated without the 
addition of further external components. (Tone settings 
for flat response. Cband CI'as given in Application Circuit.) 
Modification to the loudness cha'racteristic is possible by 
changing the capacitors Cb and CI for a different basic 
response or, by a resistor network between pins 7 and 12 
for a differe,nt threshold and slope, 

SIGNAL HANDLING 

The volume control function of the LM1035 is carried out in 
two stages, controlled by the DC voltage on pin 12, to im
prove signal handling capability and provide a reduction 
of output noise level at reduced gain. The first stage is 
before the tone control processing and provides an initial 
15 dB of gain reduction so ensuring that the tone sections 
are not overdriven by large input levels when operating 
with a low volume setting. Any combination of tone and 
volume settings may be used provided the output level 
does not exceed 2 Vrms, Vee = 12V (1 Vrms, Vee = 8V). At 
reduced gain « -15 dB) the input stage will overload if 
the input level exceeds 2 Vrms, Vcc=12V (1 Vrms, 
Vee = 8V). As there is volume control on the input stages, 
the inputs may be operated with a lower overload margin 
than would otherwise be acceptable, allowing a possible 
improvement in signal to noise ratio. 

47k 
11 r:L rl ... -J\j""" ... ·C 47k BASS CONTROL 

~~-L ...Ll~:; ...L~~'~F ;J;0.22~F 
INPUT 2 . 

l /-0 OUTPUT 2 
0.47 ~F ~ ____ ... ..,.."'"".< 47k VOLUME CONTROL 

LM1035N 

T 
OUTPUT 1 

LOUDNESS 
COMPENSATION 

BAlANCE CONTROL 

47k 
t-------~~---~---~.<47k ~~~~~L 

;J;0.22~F 
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~National 
~ Semiconductor 

Audio/Radio Circuits 
PRELIMINARY 

LM1037 Dual Four-Channel Analog Switch 

General Description 
The LM1037 is a dual, electronically controlled, four· 
channel analog 'switch with an internal muting facility. 

Its features make it ideal for stereo source selection in 
audio equipment and for use in a wide range of industrial, 
automotive, multiplexing or sampling applications. 

An additional pin is included to allow parallel connection 
of two or more integrated circuits. 

Block Diagram 

I· 
1A 

2A 
4 

18 
6 

28 
8 

AUDIO 
INPUTS 11 

1C 

2C 13 

17 
1D 

" 

2D 15 

1 

Features 
• Wide supply voltage range 

• Low distortion, 0.04% typical 

• Low noise, typically 5 p.V 

• High input impedance 
• Low output impedance 

• TTL compatible 
• Very low control current 
• Maximum control voltage independent of supply 

(up to 50 V) 

T P 
CONTROL 

INPUT 
STAGES 16 

18 

5 v+ 

12 VBIAS 
AND MUTE 

14 v-

2 MUTE 
~ INHIBIT 
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Absolute Maximum Ratings 
Supply Voltage 32V 
Operating Temperature Range - 20·C to + 70·C 
Storage Temperature Range - 65·C to + 150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics Vs= 12V, TA=25·C 

Parameter Conditions Min Typ Max Units 

Supply Voltage Range 5 28 V 

Supply Current VSUPPlY= 12V 6.4 8.5 mAo 

VSUPPly=30V 10 12 mA 

Voltage Gain -0.5 0 0.5 dB 

Signal Handling (Note 1) VSUPPlY= 12V 2.8 2.9 3.0 Vrms 

Distortion THO VSIGNAl = 1 Vrms @ 1 kHz 0.04 0.1 % 

Noise Voltage at Output CCIR/ARM Rs=2k 5 15 p.V 

Channel Separation (Note 2) VSIGNAl = 1 Vrms @ 1 kHz -95 dB 

Relative Output in Muted State I VSIGNAl = 1 Vrms @ 1 kHz .1 -90 dB 

Note 1: The instantaneous maximum voltage difference between any two input pins of one channel is 9.6V. Voltages in excess of this level may cause In- . 
creased distortion and degraded channel separation. 

Typical Performance Characteristics 

Supply Current vs Supply Supply Current vs Signal-la-Noise vs 
Vollage Temperature Temperalure (Note 2) 

11 7.5 -115 

10 
« / « ... ~ 
·5 9 

/ 5 7 ...... ;; -110 ... ... ....... ~ z 8 
~ '" :l! / ...... w - ........1'-. '" 7 6.5 is-l05 :::0 

V 
:::0 ... ... 

~ ~ 6 ~ 8:: V 8:: ~ 
:::0 5 ill 6 ;:2-100 .. 

'" 4 .;l; 

3 5.5 -95 
0 10 20 30 40 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 

SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (·C) AMBIENT TEMPERATURE (OCI 

Signal-to-Noise vs Source Channel Separation vs Attenuation of Unselected 
Impedance (Note 2) Frequency (Note 3) Inputs vs Frequency 

-110 

... ii; I ;;--105 ;- -90 ~ -90 
~ l'... co 

'" S I i!!i w ~ is-l00 
\ 

ih -100 
/ 

~-100 
I ~ .. :::0 

i'fi 
~ ill - S -110 / z 
;:2 -95 ::i! -110 
1il :c V ... 

-90 
0.1 1 10 100 lk 0.1 1 10 100 lk 0.1 1 10 100 lk 

SOURCE IMPEDANCE (kG) FREQUENCY (kHz) FREQUENCY (kHz) 
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Typical Performance Characteristics (Continued) 

0.1 .. 
;;- 0.05 
~ 
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........... J 
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Signal Handling vs 
Frequency (Note 5) 
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Typical Application 

__ f 

~ 

Vs SUPPLY 
INPUTS 

R = 100 k!l1.l~ .watt 
C1 = 10 .F electrolytic 

C2 = 1 .F electrolytic TO PIN 7 
C3 = 100.F electrolytic NEXT DEVICE 

0.1 

~005 .. . 
~ 

Total Harmonic Distortion 
vs Frequency 

SUPPLY VOLTAGE=12V r- - VsIGNAL = 1 Vrms -" ....... 

f-'" 
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Note 2: Signal-la-noise measuren:aent referred to a 1 Vrms input signal bandwidth to CCIRJARM specifica
tions. 

Note 3: The level of output signal of a selecte.d undrlven amplifier with respect to the output Jevel of a selected 
driven amplifier. For test purposes, signal is applied to only one input and all other inputs are decoupled to 
eliminate stray pick-up through external components. Channel separation is then defined as the ratio of signal 
levels of the two output pins. 

Note 4: For test purposes, signals are connected to three unselected input pins of one channel group and all 
other inputs are decoupled to eliminate stray pick-up through external components. 

Note 5: Supply voltage 12V;. signal handling defined at 1 % distortion, 

CONTROL INPUTS 

LM1037 

J-olO 

J-020 

INPUTS 

r-0 2C 

J-olC 

C3 

T T 
CH 2, CH 1 

AUDIO OUTPUTS 
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Truth Tables 

LM1037 

Channel selection is achieved by the application of DC voltages to the control pins. 

liP Channel 1A 2A 
Pin No. 2 4 

1 VL VL 
DC Control 3 VL VL 
'Conditions 
(Pins) 16 VH VH 

18 VL VL 
Output Pin 10 9 

Output O/Pl O/P2 

Low swilchinQ level (VI )<O.8V 

High switching levet (VH»2.0V and up to 50V 

SWITCHING SPEED 
VERTICAL 2V1D1V 

HORiZONTAL 2 ,..s/DlV 

Inputs SWltchea to uutput Pins 
18 28 1C 2C 1D 2D 
6 8 11 13 17 15 

VL VL VH vH VL VL 
VL VL VL VL VH VH 

VL. VL VL VL VL . VL 
VH VH VL VL VL VL 
10 9 10 9 10 9 

O/Pl O/P2 O/Pl O/P2 O/P1 O/P2 

CONTROL PULSE PIN 18 

J l OUTPUT RESPONSE 

2 DEVICES CONNECTED iN PARALLEL 

Mute Control 
12 

VL 
VL 
VL 
VL 

9 and 10 

To Increase the channel switching capacity, two or more devices can be connected together by the direct coupling of 
the mute inhibit pin 7 and the output pins 9 and 10. Only one output capacitor is required for each common output. 

Inputs Switched to Output Pins 
IJPChannel 1A 2A 18 28 1C 2C 1D 2D 1A 2A 18 28 1C 2C 1D 2D Mute 
Pin No. 2 4 6 8 11 13 17 15 2 4 6 8 11 13 17 15 12 12 

1 VL VL VH VL VL VL VL VL VL 
3 VL VL VL VH VL VL VL VL VL 

16 VH VL VL VL VL VL VL VL VL 
DC Control 18 VL VH VL VL VL VL VL 'VL vi. . 
Conditions 
(Pins) 1 VL VL VL Vv VL VL VH VL VL 

3 VL VL VL VL VL VL VL VH VL 
16 VL VL VL VL VH VL VL VL VL 
18 VL VL VL VL VL VH VL VL VL 

Output Pins 10 9 10 9 10 9 10 9 10 9 10 9 10 9 10 9 10 9 
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~National 
~ Semiconductor 

Audio/Radio Circuits 
PRELIMINARY 

. LM1038 Dual Four-Channel Analog Switch 

General Description 
The LM1038 is a dual, electronically controlled, four
channel analog switch with an internal muting facility. 

Its features make it ideal for stereo source selection in 
audio equipment and for use in a wide range of industrial, 
automotive, multiplexing or sampling applications. 

An additional pin is included to allow parallel connection 
of two or more integrated circuits. Channel selection is 
achieved via two logic data pins with clock enabled 
latches. 

Block Diagram 

AUDIO 
INPUTS 

Features 
• Wide supply voltage range 
• Low distortion, 0.04% typical 
• High input impedance 
• Low output impedance 
• TTL compatible 
• Very low control current 
• Maximum control voltage independent of supply 

(up to 50V) 
• 2 control pins accept BCD input pulses 
• Clock enable input may be strobed from a bus 

DATA 
INPUT 

STAGES 

16 

MUTE 

LOGIC 
INPUTS 

..... ----------:-! MUTE INHIBIT 
~SUPPLY 

J;:""GROUNO 

r-----t---I >-+-+---------1 >---------::-10 OUTPUT 

>--+ _________ C_--------=-9 OUTPUT 

BIAS ..;;12'--__ -' 

10-85 

.... 
3: ...... 
o 
~ 



Absolute Maximum Ratings 
Supply Voltage 32V I 

Operating Temperature Range - 20·C to + 70·C 

Storage Tem'perature Range -65·Cto + 150·C 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics Vs= 12V, TA=25·C 

Parameter Conditions Min Typ Max Units 

Supply Voltage Range 5 28 V 

Supply Current VSUPPLY= 12V 14 mA 

VSUPPLY = 30V 20 mA 

Voltage Gain -0.5 0 0.5 dB 

Signal Handling (Note 1) VSUPPLy=12V 2,8 2.9 3.0 Vrms 

~istortion THO VSIGNAL=1 Vrms @ 1 kHz 0.04 0.1 % 

Noise Voltage CCIR Filter, Rs=2k 5 15 p.V 

Channel Separation VSIGNAL = 1 Vrms @ 1 kHz -95 dB 

Relative Output in Muted State VSIGNAL = 1 Vrms ~ 1 kHz -90 dB 

Note 1: The Instantaneous maximum voltage difference between any two input pins of one channel is 9.6V. Voltages In excess of this level may cause in-
creased distortion and degraded channel separation. 

Truth Tables 
LM1038 

Logic Inputs Mute Stereo Channel Selected 
Pin 3 Pin 16 Pin 1 9 (Pin) 10 (Pin) 

Vi.. VL VL 20 (15) 10 (17) 

VL VH VL 2A(4) 1A(2) 

VH VL VL 28(8) 1B (6) 

VH VH VL 2C(13) 1C (11) . X X 1 Mute- DC Output Bias Only 
I . 

Logic IBvel. VL <O.8V 
Logic level, VH :::2.0V and up to 50V 

2 DEVICES CONNECTED IN PARALLEL 

To increase the channel switching capacity, two or'more devices may be connected together by the direct coupling of 
the mute inhibit pin 7 and the output pins 9 and 10. Only cine output capacitor is required for each common output. 

Logic Inputs Mute Channels 
Device 1 Device 2 Device 1 Device 2 Selected 

Pin3 Pin 6. Pin 3 Pin 16 Pin 1 Pin 1 Pin9 I Pin 10 
Device 1 

VL VL X X VL . VH . 20 (15) 10 (17) 

VL VH X X VL ' VH 2A(4) 1A (2) 
-' 

VH VL X X VL VH 2B(8) 1B (6) 

VH VH X X VL VH 2C(13) 1C(11) 
Device 2 

X' X VL VL VH VL 20(15) 10(17) 

X X VL VH VH VL 2A(4) 1A(2) 

X X VH VL VH VL 2B(8) 1B (6) 

X X VH VH VH VL 2C(13) 1C (11) 

X X X X VH VH Mute-DC Output 
Bias Only 
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Typical Application 

~ 

[" 2A 

Vs SUPPLY 
!~!~Iy!~ 

R ~ 100 kll1l4 walt 

Cl ~ 10.F eleclrolytic 

C2 ~ 1 .F electrolytic 

C3 ~ 100 .F electrolytic 

TO PIN 7 
NEXT DEVICE 

T 
CH 2 

CONTROL INPUTS 

/-010 

/-020 

INPUTS 

~Ej 
/-o1C 

C3 

T T 
CH 1 

AUDIO OUTPUTS 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

[][] 
LM1112A/LM1112B/LM1112C 
Dolby B-Type Noise Reduction Processor 

General Description 
The LM1112 is a monolithic integrated circuit specifically 
designed to realize the Dolby B-type noise reduction 
system.' , 

It is a replacement for the LM1111 and the Signetics 
NE-645/648 but with improved performance figures. 

Features 
• Very high signal/noise ratio, 74 dB encode (CCIR/ARM) 
• Wide supply voltage range, 6V to 20V 
• Very close matching to standard Dolby characteristics 
• Audible switch-on transients greatly reduced 
.II Improved temperature performance 
• Reduced number of precision external components' 
• Improved transient stability 
• Input protection diodes 

Available only to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application information must be 
obtained. 

Dolby and the double-O symbol are trademarks of Dolby' Laboratories licensing Corporation. 

Schematic Diagram 
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Absolute Maximum Ratings 
Supply Voltage 24V 

Operating Temperature Range - 20·e to + 70·e 

Storage Temperature Range - 65·e to + 150·e 

. Lead Temperature (Soldering, 10 seconds) 300·e 

Electrical Characteristics Vs = 12V, TA = 25·e. N.B. 0 dB refers to Dolby level which is 580 mVrms at pin 3. 

Parameter Conditions 
LMlll2A LM1112B LM1112C 

Min Typ Max Min Typ Max Min Typ Max 

Supply Voltage Aange 6 20 6 20 6 20 

Supply Current 15 20 15 20 15 20 

Voltage Gain 
(Pin 5-3) 1 kHz Pins 6 and 2 24.5 25.5 26.5 24.5 25.5 26.5 24 25.5 27 

t.:~~r'!~~t~~ 

(Pin 5-6) 1 kHz Pin 6 Open 14.7 14.7 14.7 
(Pin 3-7) 1 kHz (Noise -0.5 0 0.5 -0.5 0 0.5 -1 0 1 

Aeduction Out) 

Distortion 1 kHz, 0 dB 0.03 0.1 0.03 0.1 0.03 0.1 
10 kHz, + 10 dB 0.2 0.3 0.2 0.3 0.2 0.3 

Signal Handling 1 kHz, 0.3% Distortion 
Vs=6V 8.5 8.5 8.5 
Vs= 12V 13 15.5 13 15.5 13 15.5 
Vs= 18V 19 19 19 

Signal/Noise Aatio Pins 6 and 2 
at Pin 7 Connected 

Encode Mode 
(CCIA/p,AM) 

NAln As= 10k 71.5 74 71 74 70 74 
As= lk 77 77 77 

NAOut As = 10k 83 83 83 

Decode Mode As= 10k 83 83 83 
(CCIA/AAM) 

Encode Characteristics Input to Pin 5 
10 kHz, 0 dB 0 0.5 1.0 -0.2 0.5 1.2 -0.5 0.5 1.5 
1.3 kHz, - 20 dB -16.2 -15.7 -15.2 -16.7 -15.7 -14.7 -17.2 -15.7 -14.2 
5 kHz, -20 dB -17.3 -16.8 -16.3 -17.8 -16.8 -15.8 -18.3 -16.8 -15.3 
3 kHz, -30 dB -21.7 . -21.2 -20.7 -22.2 -21.2 -20.2 -22.7 -21.2 -19.7 
5 kHz, -30 dB -22.3 -21.8 -21.3 -22.8 -21.8 -20.8 -23.3 -21.8 -20.3 
10 kHz, -30 dB -24.0 -23.5 -23.0 -24.5 -23.5 -22.5 -25.0 -23.5 -22.0 
10 kHz, - 40 dB -30.1 -29.6 -29.1 -30.3 -29.6 -28.9 -30.6 -29.6 -28.6 

Input Aesistance Pin5 50 65 80 50 65 80 50 65 80 
Pin 2 4.3 5.6 6.9 4.3 5.6 6.9 4.3 5.6 6.9 

Output Aesistance Pin6 1.8 2.4 3.0 1.8 2.4 3.0 1.8 2.4 3.0 
Pin 3 30 45 30 45 30 45 
Pin 7 30 45 30 45 30 45 

PSAA 1=120 Hz 40 40 40 

Load Impedance 
Pin3 5 ·5 5 
Pin 7 5 5 5 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

Supply Current vs Supply Voltage Signal Handling vs Supply Voltage 
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(b) Encoded and Decoded (I = 5 kHz) 

100mS/div 

TRANSIENT RESPONSE TO ABRUPT FREQUENCY CHANGE (Measured at P7) 

(a) Encode ( - 20 dB) (b) Encoded and Decoded (- 20 dB) 
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ELECTRICAL NOISE REDUCTION SWITCH 

In place of the normal mechanical noise reduction on/off 3. When electrical NR switching is used, signal level is 
switch, the circuit below Is often used to permit electrical slightly affected by the minimum value of the internal 
NR control. When using this circuit, the following points variable impedance. (At 10 kHz-10 dB, a residual boost of 
should be noted: approximately 0.4 dB remains.) This Is not the case for 

1. Signal boost is reduced by Increa;ing DC voltage on 
mechanical NR switching. 

Pin 14 (see curve). A voltage of approximately 3V Is ade-
quate to achieve NR OFF. 

2. Supply current may be significantly Increased by high 
pin 14 forced voltages. Values for V and R should thus be 
chosen such that pin 14 voltage is 3V-4V. 

---------- -- - -- - - --, , 
DOLBV B·TYPE INTEGRATED CIRCUIT G --H- , 
NATIONAL LM1112. I 

4 13 ~14 4 15 I -- - -- - - - - - -- - - - ---
R303 
lOOK 

R304 

Noise Reduction 5% 2701< 

Swkch 
R305 

OUT R C306 C3IJ7 

• 
330K r' r33 v 

~ 
5% 

NR Lamp To C306 in 
n 

other DolbV 
ProcessorS 

Note 1: Where not otherwise specified, component tolerances are ± 10%. 

Signal Boost vs Pin 14 Control Voltage Supply Current vs Pin 14 Control Voltage 
(Encode, 10 kHz) (Vs=12V)(Encode, 10 kHz) 

, .... f-- Max Boost 
10 35 

8 _ 31 -1 ./ ~ 
iii V "C i 27 ji6 

~ 0 :I 0 U 

V-III 

!4 
> 
~23 

/ .!!' :I 
en en 

2 
1/ 

Minimum Boost with._ 
Extyrnal, N.~. Cyntryl 

r- 19 
II 

0 15 
0 2 4 6 8 10 0 2 4 6 8 10 12 

Pin 14 Voltage (VI Pin 14 Voltage (VI 

, 
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Test Circuit (Encode) 

r---------------------------~ I Dolby B·Type Integrated Circuit I 
G+B.!! .. !j20~voI!i! .. !!J_----f.~_f National LM1112N I 

Input 

I 
I 

.-----r------------.I 
I 
I L ___ ~ ~~ 

10K 

R. 

4""'Or 

Note 1: 1 nF capacitors from pin 3 and pin 7 to ground may be required on older devices. 

Note 2: Where not otherwise specified, component tolerances are ± 10%. 

Note 3: For LM1112AN use 2% components for C304, R303, R305. (5% components may cause errors up to ± 0.3 dB.) 

Connection Diagram 

Dual-In-Line Package 

VARIABLE 
IMPEDANCE 1 II POSmYE SUPPLY INPUT 

AMPUflER. , IS VARIAILE IMPfDANCE 
INPUT """"'0' 

AMPUFIER B 
OU1l'\JT 

, 
,. RECTIfiER OUTPUT 

Il 
lIAS RECTIFIER BIAS 

AMPUFIERA • 11 McnAI!R INPUT INPUT 

AMPUFIERA • 11 AMPUFIERD 
OUTPIJT OUTPUT 

AMPUFIEREK 7 II AMPUFIERD 
OUTPUT FEEDBACK DECOUPUNO 

DECOUPUNQ • GROUND 

Order Number LM1112AN, LM1112BN 
or LM1112CN 

See NS Package N16E 
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~National .. 
~ Semiconductor 

Audio/Radio Circuits 
PRELIMINARY 

[][] 
LM1121A/LM1121B/LM1121C Dolby B-Type Noise Reduction 
Processor with DC Switching 

General Description 
·The LM1121 is a monolithic integrated circuit designed to 
realize the Dolby B-type noise reduction system. It fea
tures two separate inputs and outputs for encode and 
decode signal paths. Both the mode selection and noise 
reduction switches are internal and controlled by external 
DC voltage levels. 

Features 

• DC switching of both encode/decode and noise reduc-
tion ON/OFF 

• Separate inputs and outputs for encode and decode 

• FUll-wave detector circuit 
• Very close matching to standard Dolby characteristics, 

±0.5 dB 

• Very low signal/noise ratio- 74 dB encode (CCIR/ARM), 
82 dB decode 

• Very high signal handling capability, >20 dB (Vs= 20V) 
for operation with metal tape 

Connection Diagram 
Dual-In-Line Package 

NEGATIVE SUPPLY...!. 

LOWER SHIFT 2 
DECDUPLING -

3 
RECTIFI~R OUTPUT-

VARIABLE IMPEDANCE...i 
CONTROL

AMPLIFIER D 5 
FEEDBACK DECOUPLlNS"';' 

VARIABLE IMPEDANC~..!. 
INPUT 

NOISE REDUCTIO~.2. 
SWITCH 

SIGNAL GROUND.! 

v 

TOP VIEW 

2!POSITIVE SUPPLY 

2!MONITOR OUTPUT 

~RECORD OUTPUT 

~AMPLIFIER EK 
INPUT 

~ AMPLIFIER AB 
OUTPUT 

r!!- DECODE INPUT 

~MODE SWITCH 

~ ENCODE INPUT 

Order Number LM1121AN, LM1121BN, 
or LM1121CN 

See NS Package N16E 

Switching Truth Tables 

Pin 10 Mode· Pin7 Noise Reduction 

High Encode High Off 
Open Decode Open On 
Low Decode Low On 

Switching level = 1.6V (wrt negative supply) 

Available to licensees of Dolby Laboratories Licensing Corporation, San Francisco. CA, from whom licensing and applications Information must 
be obtained. 

Dolby and the double·D symbol are tlademarks of Dolby Laboratories Inc. 
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Absolute Maximum Ratings 
Supply Voltage 24V 

Operating Temperature Range - 20'C to + 70'C 

Storage Temperature Range - 60'C to + 150'C 

Lead Temperature(Soldering, 10 seconds) 300'C 

Electrical Characteristics 
(Vs = 12V, TA = 25'C unless otherwise specified) N.B. 0 dB refers to Dolby level and is 580 mVrms measured at TP1. 

Parameter Conditions 
LM1121A I LM1121B LM1121C 

Min T~!" MAX ! Min Ty~ Max Min Tvp Max 

Supply Voltage 5 20 5 20 5 20 

Range 

Supply Current 14 14 14 

Voltage Gain 1 kHz, Noise 25.2 25.7 26.2 24.7 25.7 26.7 24.2 25.7 27.2 
Pins 9-14 and 11-15 Reduction OFF 

Voltage Gain 1 kHz, Pin 12 Open 19.7 19.7 19.7 
Pin 9 or 11-12 

Signal/Noise Ratio 
Encode Pin 14, Rs = 10k 71.5 74 71 74 69 74 

Rs=1k 77 77 77 

Decode Pin 15, Rs = 10k 83 83 83 
NROFF Pins 14 and 15 

Rs=10k 83 83 83 
Rs=lk 85 85 85 

Encode 10 kHz, 0 dB 0 0.5 1.0 -0.2 0.5 1.2 -0.5 0.5 1.5 
Characteristics 1.3 kHz, - 20 dB -16.2 -15.7 -15.2 -16.7 -15.7 -14.7 -17.2 -15.7 -14.2 

5 kHz, -20 dB -17.3 -16.8 -16.3 -17.8 -16.8 -15.8 -18.3 -16.8 -15.3 
3 kHz, -30 dB -21.7 -21.2 -20.7 -22.2 -21.2 -20.2 -22.7 -21.2 -19.7 
5 kHz, -30 dB -22.3 -21.8 -21.3 -22.8 -21.8 -20.8 -23.3 -21.8 -20.3 

10 kHz, - 30 dB -24.0 -23.5 -23.0 -24.5 -23.5 -22.5 -25.0 -23.5 -22.0 

10 kHz, - 40 dB -30.1 -29.6 -29.1 -30.3 -29.6 -28.9 -30.6 -29.6 -.28.6 

Variation in Encode O'C-70'C <±0.5 <±0.5 <±O.5 
Characteristics with 
Temperature 

Distortion 1 kHz, 0 dB 0.03 0.1 0.03 0.1 0.03 0.2 
10 kHz, 10 dB 0.2 0.3 0.2 0.5 0.2 0.7 

Signal Handling 1 kHz, Dist = 0.3% 
Vs=5V 6.5 6.5 6.5 

Vs=7V 10.5 10.5 10.5 

Vs=12V 14.0 16.0 14.0 16.0 14.0 16.0 
Vs =20V 21.0 21.0 21.0 

Switching Transients 
Measured at 
Pin 14 or 15 

Encode/ 20 20 20 
Decode/Encode 

NR OFF/ON/OFF 20 20 20 

Input Resistance Pins 9 and 11 50 65 80 50 65 80 50 65 80 
Pin 13 4.3 5.6 6.9 4.3 5.6 6.9 4.3 5.6 6.9 

Output Resistance Pin 12 1.8 2.4 3.0 1.8 2.4 3.0 1.8 2.4 3.0 
Pins 14 and 15 30 55 30 55 30 55 
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Schematic Diagram 

RECORD OUTPUT 

MONITOR OUTPUT 

y+ 

16 

C305 
10/15 

v-

15 14 

R304 

+ 270k 

R306 
75k C306 
5% 0.1 

C304 
0.047 

C307 5% 
0.33 

R301 
3k3 
1% 

NR SWITCH 

t--.... --+---....,I----.... -+-:::::::--.... ------... SIGNAL GROUND 

y- 'v-
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~National 
~ Semiconductor 

LM1131A/LM1131B/LM1131C 

Audio/Radio Circuits 
PRELIMINARY 

[][] 
Dual Dolby B-Type Noise Reduction Processor 

General Description 
The LM1131 is a monolithic integrated circuit specifically 
designed to realize the Dolby B-type noise reduction 
system. 

The circuit includes two completely separate noise reduc
tion processors and will operate in both encode and 
decode modes. It is ideal Tor stereo applicalions In com
pact equipment or for mono applications in 3-head equip
ment where two processors with very closely matched 
internal gains are required. 

Features 
• Stereo Dolby noise reduction with one IC 
• Wide supply voltage range, 5V-20V 

• Very high signal/noise ratio, 79 dB encode, 90 dB 
decode (CCIRJARM) 

• Very close gain matching for 3-head recorders 
• Close matching to standard Dolby characteristics 
• Very low temperature drift of Dolby characteristics 
• High signal handling capability, > + 2U dB (Vs=2UV) 
• FUll-wave rectifier in both channels 
• Operates with both single and split supply voltages 
• Excellent transient response characteristics 
• Minimal input switch-on transients 
• Reduced number of external components per channel 
• Improved input protection 

Available to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application information must be 
obtained. 

Dolby and the double-D symbol are trademarks of Dolby Laboratories licensing Corporation. 

Schematic Diagram (1 channel shown only) 

4K 

4K 
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Absolute Maximum Ratings , 
Supply Voltage . 24V 

Operating Temperature Range - 20·C to + 70·C 

Storage Temperature Range -65·Cto +150·C 

Lead Temperature(Soldering, 10 seconds) t0300·C 

Electrical Characteristics Vs = 12V, TA = 25·C unless otherwise specified. N.B. 0 dB refers to Dolby level and is· 
580 mY, measured at TP1 and TP2. 

Parameter Conditions 
LMl131A LMl131B LMl131C 

Units 
Min Typ Max. Min Typ Max Min Typ Max 

Supply Voltage Range 5 20 5 20 5 20 V 

Supply Current ·20 20 20 rnA 

Voltage Gain 
(Pins 7-10 and 14-11) 1 kHz Decode 19.2 19.7 20.2 18.7 19.7 20.7 18.2 19.7 21.2 dB 
(Pins 10-9 and 11-12) 1 kHz Decode -0.5 0 0.5 -0.5 0 0.5 -1.0 0 1.0 dB 

Difference In Voltage 1 kHz Noise -0.2 0 0.2 -0.5 0 0.5 -1.0 0 1.0 dB 

Gain Between Channels Reduction OFF 

Crosstalk Between 1 kHz, 0 dB -60 -90 -60 -90 -60 -90 dB 
Channels 

Signal/Noise Ratio 
at Pins 9 and 12 

Encode Rs=10kll 77 79 75.5 79 74 79 dB 
Rs=lkll 82 82 82 dB 

Decode Rs=10k 90 90 90 dB 
Rs=lk 92 92 92 dB 

Encode Characteristics 10 kHz, 0 dB 0 0.5 1.0 . 0.2 0.5 1.2 -0.5 0.5 1.5 dB 
1.3 kHz, - 20 dB -16.2 -15.7 -15.2 -16.7 -15.7 -14.7 -17.2 -15.7 -14.2 dB 
5 kHz, -20 dB -17.3 -16.8 -16.3 -17.8 -16.8 -15.8 -18.3 -16.8 -15.3 dB 
3 kHz, -30 dB -21.7 -21.2 -20.7 -22.2 -21.2 -20.2 -22.7 -21.2 -19.7 dB 
5 kHz, -30 dB -22.3 -21.8 -23.0 -22.8 -21.8 -20.8 -23.3 -21.8 -20.3 dB 
10 kHz, - 40 dB -30.1 -29.6 -29.1 -30.3 -29.6 -28.9 -30.6 -29.6 -28.6 dB 

Variation in Encode 
Characteristics 

Temperature 0'C-70'C <±0.5 <±0.5 <±0.5 dB 
Voltage 5V-20V < ±0.2 < ±0.2 < ±0.2 dB 
Distortion 1 kHz, 0 dB 0.03 0.1 0.03 0.1 0.03 0.2 % 

10 kHz, 10 dB 0.2 0.3 0.2 0.5 0.2 0.7 % 

Signal Handling 1 kHz, Dist = 0.3% 
Vs=5V 6.5 6.5 6.5 dB 
Vs=7V 10.5 10.5 10.5 dB 
Vs=12V 14.0 16.0 14.0 16.0 14.0 16.0 dB 
Vs=20V 21.0 21.0 21.0 dB 

Input Resistance Pins 7 and 14 50 65 80 50 65 80 50 65 80 kll 

Output. Resistance Pins 9 and 12 30 55 30 55 30 55 Il 
Pins 10 and 11 30 55 30 55 30 55 Il 
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Typical Performance Characteristics 
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Application Notes 

SUPPLY VOLTAGE 

LMl131 may operate with either single or split supply 
voltages. 

Single Supply Voltage 

Pin 1 i,s connected to ground, pin 20 to Vs. 

Pins 8 and 13 are internally generated reference voltages 
set to approximately half-supply. They should be con
nected together externally. 

A 220 fLF capacitor must be connected between pins 8 and 
13 and ground. Device turn-on time is delayed by the rise 
time of pins 8 and 13. 

Split Supply Voltages 

Pin 1 Is connected to the negative supply, pin 20 to the 
positive supply. Pins 8 and 13 are connected to OV and no 
capacitor is required. Device turn-on time is delayed only 
be the rise times of the supply voltages. 

SIGNAL GAIN AND FILTERING 

It should be noted that LMl131 has only one internal pre
amplifier, AB, with no provision for interconnection of a 
low pass filter to remove bias or multiplex tones. In addi
tion, main chain gain has been reduced by6 dB In compari
son with LMll12/LM10ll. 

If a low pass filter is required It shouid be connected at the 
input of the LMl131. Pre-adjustment of Dolby input level 
may then be performed, at the input of LMl131 if required . 

. V3 v+ 

h " I 
20 19 18 

R3 J 
OFF 

1 2 3 

" I 
v 

1 
I INPUT 

10~F+ 15K 
270K 

: 
0.1 

I SIGNAL GROUNO 

NOISE REDUCTION SWITCH 

Noise reduction' OFF is normally effected by means of a 
mechanical switch which open-circuits the sidechain 
input. , 

An aliernative method which permits the control of NR 
OFF by means of a DC voltage is shown In Figure 1. 
The DC control voltage forces the internal impedance to a 
minimum value and heavily attenuates the sidechain in
put. When using this circuit the following points should 
be noted: 

a) Signal boost in encode mode (signal cut in decode) Is 
reduced by increasing DC voltages on pins 3 and 18. A 
voltage of approximately 3V above signal ground is 
adequate to achieve NR OFF. 

b) Supply current may be increased significantly by high 
pin 3/18 forcing voltages. Thus, values for V3 and R3 
should ideally be chosen such that pin 3/18 forced 
voltage Is only 3V-5V greater than signal ground. Max
imum permissible voltage on pin 3/18 is equal to supply 
voltage. 

c) When electrical NR switching is used In this way, NR 
OFF signal level is slightly affected by the restriction 
that the internal variable impedance cannot achieve 
zero impedance. Thus, at 10 kHz-l0 dB, a residual 
boost in encode (or cut in decode) of approximately 
0.4 dB remains. At low frequencies this value reduces 
to Insignificant levels. 

This is not the case for 'mechanioal NR switching. 

17 16 15 14 13 12 11 

LM1131 

4 5 6 7 8 9 10 

~ RECORD 
1 OUTPUT 

10~F 

f-±-!1-1 MONITORO/P I 
lO~F 

f:;:-

47K 1=0.0047 

0.033 
: 0.047 ---i I " SIOECHAIN liP 

0.33 3.3K 

v- v-

FIGURE 1_ LM1131 Decode Processor with Electrical NR Switch (1 Chennel Shown) 
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Test Circuit Encode Mode (components shown for channell only) 

v+ 

20 

r 
I 

lov 
I 
I 
I 
I 
~I 

v-

0.04715- -"~ -C303 ~-
r -+--N\I'-l5% R302 ~1OOpF : 

C304 5% 10/15 1% > R304 

0.1 
C306 

47K ~~~K 
0.33 R301 Signal 
c:JI11 ~~ Ground 

~~=T--;--~CW~,+-~-4--t.zro~/~15~+ 

0.033 C202I 
1% v-

v- v-

Nota 1: Where not otherwise specified 
,.nm;tnnpnt tnlpr~nr.A~ ;!.rA ± 10°/",. 

TPI Nole 2: For LMI131AN use 2% 
components for C304, R303, R305. 
(5% components may cause errors 
up 10 ± 0.3 dB). 

ManitarO/P 

Connection Diagram 

Dual·ln·Line Package 

NEGAnVE SUPPLY 2D POSITIVE SUPPLY 

DECDUPLING II DECOUPLING 

RECTIFIER DUTPUT II REcnFlER DUTPUT 

VARIABLE IMPEDANCE N 
1~ VARIABLE IMPEDANCE 

~ CDNTRDL 
CDNTRDL ....J ....J 

" AMPLIFIER D AMPLIFIER D W W FEEDBACK DECDUPLING FEEDBACK DECDUPLING Z Z 
SIDECHAIN INPUT Z Z 16 SIDECHAIN INPUT 

AMPLIFIER AI 7 « « 14 AMPLIFIERAB 
INPUT J: J: INPUT 

U U 13 SIGNAL GROUND SIGNAL GROUND 

AMPLIFIER EK I 12 AMPLIFIER EK 
OUTPUT DUTPUT 

MONITOR OUTPUT 10 " MONITOR OUTPUT 

Order Number LMl131AN, LMl131BN 
orLMl131CN 

See NS Package N20A 
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~National Audio/Radio Circuits 
~ Semiconductor 

LM1310 Phase-Locked Loop FM Stereo Demodulator 
General Description Features 

• Automatic stereo/monaural switching The LM 131 0 is an integrated FM stereo demodu
lator using phase locked loop techniques to regen
erate the 38 kHz subcarrier. A second version 
also available is the LM1800 (see separate data 
sheet) which adds superb power supply rejection 
and buffered (emitter follower) outputs to the 
basic phase locked decoder circuit. The features 
available in these integrated circuits make possible 
a system delivering high fidelity sound within the 
cost restraints of inexpensive stereo receivers. 

• No coils, all tuning performed with single 
potentiometer 

Connection Diagram. 

Dual-In-Line Package 

veo lOOP 
CONTROL filTER 

LOOP 
FILTER 

POWER COMPOSITE AUDIO 
SUPPLY INPUT AMP 

OUTPUT 

PHASE 
DETEC

TOR 
INPUTS 

lEFT 
OUTPUT 

• DEEM· 
PHASIS 

TOP VIEW 

THRESH 
PILOT OLD 

MONITOR FILTER 

RIGHT 
OUTPUT 

• DEEM· 
PHASIS 

LAMP 
DRIVER 

Order Number LM1310N 
See NS Package N14A 

THRESH· 
OLD 

FILTER 

GNO 

• Wide supply operating voltage range 

• Excellent channel separation 

Typical Application 

16k 

OSCillATOR 
ADJUST 5k 

v'" 

STEREO 
INDICATOR 
LAMP 
(100 mAl 

Typical Performance Characteristics 
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Absolute Maximum Ratings 
Supply Voltage 18V 

715mW 
O°C to +70°C 

Operating Supply Voltage Range 10V to 18V 
Power Dissipation (Note 21 
Operating Temperature Range 

Storage Temperature Range -6SoC to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER 

Supply Current 

Lamp Driver Saturation 

Lamp Driver Leakage 

Pilot Level lor Lamp "ON" 

Pilot Level lor Lamp "OFF" 

Composite Input 

Monaural Input 

Stereo Channel Separation 

Mnni'lural Channel Unbalance 

Recovered Audio 

Total Harmonic Distortion 

Total Harmonic Distortion 

Capture Range 

Ultrasonic Frequency Rejection 

Dynamic Input Resistance 

seA Rejection 

CONDITIONS 

Lamp "OFF" 

100 rnA Lamp Current 

Pin 11 Adjusted to 19.00 kHz 

Pin 11 Adjusted to 19.00 kHz 

Maximum for THO < 0.5% 

Maximum for THO < 1.0% 

2.0Vp-p Composite with 10% Pilot 

Pilot "OFF" 

2.0 Vp-p Composite with 10% Pilot 

50 mVrms of Pilot 

19 kHz 

38 kHz 

1= 67 kHz; Measure 9 kHz Beat Note 

with 1 kHz Modulation "OFF" 

MIN 

3.0 

2.8 

2.8 

30 

20 

TYP 

18 

1.3 

1.0 

15 

7.0 

40 

45 

0.3 

485 

0.3 

0.15 

±3.5 

35 

45 

50 

75 

MAX 

20 

1.5 

UNITS 

rnA 

v 

nA 

mVrms 

mVrms 

Vp-p 

Vp·p 

d8 

dB 

dB 

mVrms 

% 

% 

%of fo 

dB 

dB 

kS2 

dB 

Note 1: Unless otherwise noted: Vee = +12 VDC and TA = +2SoC. The input signal is a 2.8 Vp-p standard multiplex composite 
signal using 10% Pilot and with Lor R-channel only modulated at 1.0 kHz. 
Note 2: For operation in ambient temperatures above 2Soe, the device must be derated based on a 1sd'e maximum junction 
temperature and a themal resistance of 17SoC/W junction to ambient. 

Note 3: The veo can be defeated (sometimes desirable when using an AM·FM receiver in the AM mode) by returning pin 14 to 
ground through a 2.2 kn resistor. 

Typical Performance Characteristics (Continued) 

w 

~ .... 
" 
0: 

Pilot Amplitude vs 
Capture Frequency 

3D H-+*I \+-+-+!--I+-+-/M 
ZD ~+-+-+4~+-~~-+--hrl 
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~National Audio/Radio Circuits 
~ Semiconductor 

LM1391 Phase-Locked Loop Block 

General Description 
The LM1391 integrated circuit has been designed 
primarily for use in the horizontal ,section of TV reo 
ceivers, but may find use .in other low frequency signal 
processing applications. It includes a stable VCO, linear 
pulse phase detector, and variable duty cycle output 
driver. 

• Output transistor with low saturation and high voltage 
swing 

• APC of the oscillator with a synchronizing signal 

Features 
• Internal active regulator for improved supply rejection 

• Uncommitted collector of output transistor 

Schematic and Connection Diagrams 
PRE·ORIVER 

01 
2 .. 

OSCILLATOR 
TIMING 

R2 RJ 
611r. Uk 

R5 
2.4k 

OSCILLATOR 

o. 
'" 

07 .,. 

f*)Pm4 . Base of 016 (LM1391) fot use with (+) flyback pulse 

REGULATOR 
VOLTAGE 

O. 
2.U 

• DC controlled output duty ·cycle 

• ±300 Hz typical pull·in 

• Linear balanced phase detector 

• Low thermal frequency drift 

• Small static phase error 

• Adjustable dc loop gain 

REGULATOR PHASE DETECTOR 

'26 
15k 

0,. 
". 

0' 

0" 240 

SYNC 
INPUT 

02 

0" 865 

Dual-In-Line Package 

DUTY cYCLE 
CONTROL 

OUTPUT 

OSCILLATOR 
TIMING 

ONO 

REGULATOR 
VOLTAGE 

TDPVIEW 

SYNC 
INPUT 
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PfiASE 
DETECTOR 

OUTPUT 

SAWTOOTH 
INPUT 

Order Numb.r LM1391N 
Se. NS Package NOBB 

5 PHASE 
DETECTOR 
OUTPUT 

•• } SAWTOOTH 
INPUT. 



Absolute Maximum Ratings 
Supply Current 40mADC Power Dissipation (Package LimitationJ 

Output Voltage 40 VDC Plastic Package (Note 1) 1250 mW 
Output Current 30 mADC Operating Temperature Range (Ambient) O°C to +75<'>C 

Sync Input Voltage (Pin 3) 5.0 Vp·p Storage Temperature Range -65°C to +150°C 
Flyback Inpu! Voltage (Pin 4) 5.0 Vp-p 

Electrical Characteristics T A = 25°C (see test circuit, all switches in position 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Regulated Voltage (Pin 6) 16 = 22 mADC 8.0 8.6 9.2 VDC 

Supply Current (Pin 6) 20 mADC 

Coliector·Emitter Saturation Voltage IC1=20mA 0.30 0.40 VDC 
of Output Transistor (Pin 1) 

Pin 4 Voltage 2.0 VDC 

Oscillator Pull·in Range Adjust RH ±300 Hz 

Oscillator Hold·in Range Adjust RH ±900 Hz 

Static Phase Error M = 300 Hz 0.5 p.s 

Free·running Frequency Supply Sl in position 2 ±3.0 HzlVDC 

Dependance 

Phase Detector Leakage (Pin 5) All switches in position 2 ±1.0 p.A 

Sync Input Voltage (Pin 3) 2.0 5.0 Vp·p 

Sawtooth Input Voltage (Pin 4) 1.0 3.0 Vp·p 

Maximum Oscillator Frequency 500 kHz 

Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 1500 C maximum junction temperature and a 
thermal resistance of 100°C/W junction to ambient. 

Typical Performance Characteristics 
Frequency Drift VI Warm·Up Output Duty Cycle vs VM 

Time Frequency vs Temperature Voltage 

30 7.0 

i- - REFERENCE FREQUENCY 150 I--H REFERENCE FREQUENCY 
6.5 REFERENCE FREQUENCY 

t-I-20 '0" 15,150 Hz g I--I--- fo = 15,750 Hz '0 = IS, 750 Hz 

g 100 6.0 10 ",. 
] 

i;: ~. 50 5.5 
0 2 

~ z 0 w 5.0 
~ '" t; -10 

\. " V -50 !:; 4.5 

~ -20 ~ ~ V ......... 4.0 
~ t-I-- ~ ,100 

.lflfo x 106 , -200 ppm/-CS '" ", 

if -30 " ts - > 3.5 
~ -150 ~T s:: /' -40 {MAY BE COMPENSATEO_ c- 3.0 

-200 WITH N220 CAPACITORI-;-- -
-50 2.5 

0 15 30 45 60 15 90 105 120 0 10 20 30 40 50 60 10 80 0 10 20 30 .40 50 60 70 80 90 

TIME (,I AMBIENTTEMPERATURE I CI PIN I OUTPUT OUTY CYCLE 1%1 

Application Information 
The following equations may be considered when using DC Loop Gain p.{j ~ 3.2 x 10-5 Aofo Hz/rad 
the LM1391 in a particular application. 

Noise 8andwidth 

R201 = R301 = 
VCC - 8.6 

n RX2 
0.02 1 +2/T-Cc p.{j 

1 fnn~ 
Ry 

Hz 
fo~---- Hz 1.5k $ Ro < 51k 4RXCc 
. 0.6 RoCo 

R204~ 10 Ao Damping Factor 

1 /T RX2 
C203 = C204 ~ F K~- - Ccp.(j 

600 fo(Hz) , 2 Ry .. 
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Test Circuit 

Typical Applications 
Vee 

24VTV' 

RIOI 

'" .w 

-lOY 
NEG 
Sy~C 

V. 

" 

{ 12.uIPULSE} 
+SOV FOR LM1391 --.. 

"M 3k 

Vee 
30V 

1k 

S2 

Vee 
24VTYP 

H2O' RlGa 
11k 

H'" 1.5k 

t---+_-JW"""-.... ___ .... o()~~~::T 

3 Vp·p INPUT 
SYNCHRONIZING SIGNAL 

FIGURE 1. TV Horizontal Processor 
FIGURE 2. Gen.r.1 Purpose Ph ... ·Lock Loop 

(See Applications Information) 

FREDADJ 

Vee 
2eVTY' 

"304 
Uk 

R301 
1.5k 

L..-t--.... o ~8l:t 
1'&301 

PULSE·WIDTH 
MODULATION 

FIGURE 3. Variabl. Duty Cycle Oscillator 
(See J\.pplications Information) 
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~National 
~ Semiconductor 

Audiol Radio Circuits 

LM1596/LM1496 Balanced Modulator-Demodulator 
General Description 

The LM1596/LM1496 are double balanced modu
lator-demodulators which produce an output 
voltage proportional to the product of an input 
(signal) voltage and a switching (carrier) signal. 
Typical applications include suppressed carrier 
modulation, amplitude modulation, synchronous 
detection, FM or PM detection, broadband fre
quency doubling and chopping. 

The LM 1596 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1496 is specified for operation over the O°C 
!~ -'-70or: tpmr'Pf"::Itllrp r;tn!:"::> 

Schematic and Connection Diagrams 

CARRIER 
INPUT 

SIGNAL 

INPUT 0:::'''::.' --....:;1-------11-----.1 
GAIN 

..... _____ t--'=oADJUST 

Number' In parenthCSE'1 show DIP conn~tl""lS. 

Typical Application and Test Circuit 

"ODUL~:~~~ 0·;:.'.-___ -. ___ ---11111 

Features 

• Excellent carrier suppression 

65 dB typical at 0.5 MHz 
50 dB typical at 10 MHz 

• Adjustable gain and signal handling 

• Fully balanced inputs and outputs 

• Low offset and drift 

.. Wide frequency response up to 100 MHz 

UI1596 

Metal Can Package 

TOPVI[W 

Note: Pin 10,sconnectedelectncallytothe 
case through the device substrate. 

Order Number lM1496H or LM1596H 
See NS Package HOSe 

Dual-I "-Line Package 

GALNADJUST 1 " 
GAINADlU$T 1 

BIAS 5 10 -CARRIERINI'UT 

~ OUTPUT • 

B +CARRIERINPUT 

Order Number LM1496N 
See NS Package N 14A 

." 
I---..... --t--o .•. 

111211-----_ ..... -0_ •• 

4141'01141 5151 

'IK 

Numbers In parentheses show DIP connections . . " 
... 

Note:S"sclosedfor"adlusted"measurements. 

Suppressed Carrier Modulator 
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Absolute Maximum Ratings 
Internal Power Dissipation (Note 11 500rnW 
Applied Voltage (Note 2) 30V 
Differential Input Signal (V7 - Va) ±5.0V 
Differential Input Signal (Y4 - V1) ±(5+15Ral V 
Input Signal (V2 - Vl, Y3 - Y4) 5.0V 
Bias Current (Is) 12 rnA 
Operating Temperature Range LM1596 -5SoC to +12SoC 

LM1496 O°C to +70°C 
Storage Temperature Range -6SoC to +150°C 
Lead Temperature (Soldering, 10 sec) 30O'C 

Electrical Characteristics (T A = 25°C, unless otherwise specified, see test circuit) 

LM1596 LM1496 
PARAMETER CONDITIONS 

MIN TYP MAX MIN TVP 

Carner Feedthrough Vc - 60 mVrms sine wave 40 40 
fe'" 1.0 kHz, offset adjusted 

Vc =: 60 mYrms sine wave 140 140 
fe =: 10 MHz, offset adjusted 

Vc =: 300 mVpp square wave 0.04 0.2 0.04 
fC =: 1.0 kHz, offset adjusted 

Vc == 300 mVpp square wave 20 100 20 
fc =: 1.0 kHz, offset not adjusted 

Tarrier SIJPpression fs'" 10 kHz, 300 mVrms 50 65 50 65 
fe::: 500 kHz, 60 mVrms sine wave 
offset adjusted 

fS::: 10 kHz, 300 mVrms 50 50 
fe:: 10 MHz, 60 mVrms sine wave 
offset adjusted 

Transadmittance Bandwidth RL " 50n 300 300 
Carrier Input Port, Ve = 60 mVrms sine wave 
fs = 1.0 kHz, 300 mV rms sine wave 

Signal Input Port, Vs =: 300 mVrms sine wave BO BO 
V7 - VB '" 0.5Vdc 

Voltage Gain. Signal Channel Vs = 100 mVrms, f::: 1.0 kHz 2.5 3.5 2.5 3.5 
V7 ,- Va '" Q,5Vdc 

I nput Resistance, Signal Port f'" 5.0 MHz 200 200 
V7 - VB '" 0.5 Vdc 

Input Capacitance, Signal Port f::: 5.0 MHz 2.0 2.0 
V7 - Va'" 0.5 Vdc 

Single Ended Output Resistance f::: 10 MHz 40 40 

Single Ended Output f'" 10 MHz 5.0 5.0 
Capacitance 

Input Bias Current II, + 14)/2 12 25 12 

Input Bias Current II, + Is)/2 12 25 12 

Input Offset Current II, - 14) 0.7 5.0 0.7 

Input Offset Current II, - lsi 0.7 5.0 5.0 

Average Temperature !-55°C < T A < +125°C} 2.0 
Coefficient of Input IO'C < T A < +70"C 2.0 
Offset Current 

Output Offset Current 116 - 191 14 50 14 

Average Temperature 1-55'C < TA < +125'CI 90 
Coefficient of Output Wc < TA < +70'CI 90 
Offset Current 

Signal Port Common Mode fs'" 1.0 kHz 5.0 5.0 
Input Voltage Range 

Signal Port Common Mode V7 - Va::: 0.5 Vdc -B5 I -B5 
Rejection Ratio 

Common Mode Quiescent B.O B.O 
Output Voltage 

Differential Output Swing B.O B.O 
Capability 

Positive Supply Current (16 + 191 2.0 3.0 2.0 

Negative Supply Current (1101 3.0 4.0 3.0 

Power Dissipation 33 33 

Note 1: LM1596 rating applies to case temperatures to +125°C; derate linearly at 6.5 mW/oC for 
ambient temperature above 75°C. LM1496 rating applies to case temperatures to +70oC. 

Note 2: Val1age applIed between pins 6-7, 8-1, 9·7, 9·8,7-4,7·1,8-4,6-8,2-5,3-5 . 
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UNITS 
MAX 

pVrms 

IJ.Vrms 

0.2 mVrms 

150 mVrms 

dB 

dB 

MHz 

MHz 

V/V 

kn 

pF 

kn 

pF 

30 pA 

30 pA 

5.0 pA 

5.0 pA 

nAte 
nAtC 

60 pA 

nAte 
nAtC 

V"." 

dB 

Vdc 

Vp." 

3.0 mA 

4.0 rnA 

mW 



Typical Performance Characteristics 

Carrier Suppression vs Carrier Suppression vs Carrier Feedthrough vs 
Carrier Input Level Frequency Freque~cy 
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Typical Applications (Continued) 

+8 Vdc 

lK 

3.9K 3.9K 
CARRIER INPUT 2(2) 3(3) 

3DOmVrms 

'"Fi

51* 
7(81 

51 6(6) ....... 
'(10) 

~0.OD5 

lMI596 T"' 
SS8 SIGNAL o-j I - IK 1 !-IF 

1111 J E-o DEMODULATED INPUT \ 9(121 ;::!-- I AF OUTPUT 
[ 4(4) 10(14) . 5(5) 0.005-- 0.005 

"FT "FT 
lK lK 

S.BK 
lK 

Numbers In parenthnes show DIP connectIOn.!. 

.f T ) '::" 

-8 Vdc 

SSB Product Detector 

This figure shows the LM1596 used as a single sideband ISSB) suppressed carrier demodulator Iproduct detector). The 
carrier signal is applied to the carrier input port with sufficient amplitude for switching operation. A carrier input level 
of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port with an amplitude of 5.0 to 
500 mVrms. All output signal components except the desired demodulated audio are filtered out, so that an offset 
adjustment is not required. This circuit may also be used as an AM detector by applying composite and carrier signals 
in the same manner as described for product detector operation. 
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Typical Applications (Continued) 

+12 Vdc 

lK 

lK 
lK 

Jl.51 2(2) 3(3) RL RL 
7(8) 

~I 
51 

c I \ 
cit-! 

8(10)' 6(&~ 

~ LM1596 

Aveo cos 2 wt 

eocoswt 1(1) 9(12) -Aveo c052 wt 

4(4)10(14) 5(5) 

10K 10K 51 51 

Numbers in parentheses show DIP connections. 
SDK 

&.8K 

l 
~ I 
~ 

I -=: 
-B Vdc 

Broadband Frequency Doubler 

I 

The frequency doubler circuit shown will dOUble low-level signals with low distortion. The value of C should be chosen 
for low reactance at the operatjng frequency. 

Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching 
differential amplifier. Levels to 50 mV peak may be used with some distortion of the output waveform. If a larger input 
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input. 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

LM1800 Phase-Locked Loop FM Stereo Demodulator 

General Description 
The LM1800 is a second generation integrated 
FM stereo demodulator using phase locked loop 
techniques to regenerate the 38 kHz subcarrier. 
The numerous features integrated on the die make 
possible a system delivering high fidelity sound 
while still meeting the cost requirements of inex· 
pensive stereo receivers. More information available 
in Af\I·Rl 

Features 
• Automatic stereo/monaural switching 

• 45 dB power supply rejection 

• No coils, all tuning performed with single 
potentiometer 

• Wide operating supply voltage range 

• Excellent channel separation 
Ii . Emitter follower outout buffers 

Connection Diagram' Typical Application 

PHASE 
DElEt THRESH THRESH· 

POWER veo lOOP lOOP TOR PilOT OLD OLD 
SUPPLY CONTROL fll TER FitTER INPUTS MONitOR FilTER FilTER 

COMPOSITE AUDIO LEFT lEFT RIGHT RIGHT LAMP GND 
INPUT AMP LOAD OUTPUT OUTPUT LOAD DRIVER 

OUTPUT & & 
DEEMPHASIS DEEMPHASIS 

TOP view 

Order Number LM1800N 
See NS Package N 16A 

Typical Performance Characteristics 

Supply Ripple Rejection 
60 
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Channel Separation 

II VCO@ 
t9000 i10 Hz 

21 PIN 6 OPEN 
3} 800mVpp 

COMPOSITE 
C1 = 10.uFd 

/rf./ 
A.:i 

V Cl: INPUT COUPLING 
CAPACITOR 

30 
0.3 1.0 3.0 10 

AUOIO FREQUENCY 1Hz X 100) 
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Absolute Maximum Ratings 
Supply Voltage 
Power Dissipation (Note 3) 

Operating Temperature Range 
Operating Supply Voltage Range 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

18V 
715 mW 

O°C to +70°C 
+10V to +18V 

-65"C to +150°C 
300°C 

Electrical Characteristics (Note 1) 

PARAMETER 

Supply ellr rent 

Lamp Driver SatlllJtlon 

Lamp Driver Leakage 

Pilot Level for Lamp "ON" 

Pilot Level for Lamp "OFF" 

Stereo Lamp HysteresIs 

Stereo Channel Separation 

Monaural Channel Unbalance 

Monaural Voltage Gain 

Total Harmonic Distortion 

Total Harmonic Distortion 

Capture Range 

Supply Ripple Rejection 

Dynamic Input Resistance 

Dynamic Output Resistance 

SeA Rejection 

Ultrasonic Freq. Rejection 

CONDITIONS 

lamp "off" 

100 rnA Lamp Current 

p"! 11 Adjusted to 19.00 kHz 

Pin 11 Adjusted to 19.00 kHz 

100 Hz (Note 2) 
1000 Hz (Note 2) 
10000 Hz (Note 2) 

200 mVfms, 1000 Hz Input 

200 mVrms, 400 Hz Input 

500 mVrms, 1000 Hz Input 

500 mVrms, 1000 Hz Input, 1800A Only 

25 mVrms of Pilot 

200 mVrms of 200 Hz Ripple 

(Note 4) 

Combined 19 and 38 kHz, Ref. to Output 

Note 1: TA = 25°C and V+ = 12V unless otherwise specified. 

MIN 

3.0 

3.0 

30 

140 

±2.0 

35 

20 

900 

TYP 

21 

1.3 

1.0 

15 

7.0 

6.0 

40 
45 
45 

0.3 

200 

0.4 

0.1 

45 

45 

1300 

70 

33 

MAX 

30 

1.8 

20 

1.5 

260 

1.0 

0.3 

±6.0 

2000 

UNITS 

mA 

V 

nA 

mVrms 

mVrms 

dB 

dB 
dB 
d8 

dB 

mVrms 

% 

% 

%of fo 

dB 

kr! 

r! 

dB 

dB 

Note 2: The stereo input signal is made by summing 123 mVrms LEFT or RIGHT modulated signal with 25 mVrms of 19 kHz 
pilot tone, measuring all voltages with an average responding meter calibrated in rms. The resulting waveform is about 800 mVp-p. 
Note 3: For operation in ambient temperatures above 2SoC, the device must be derated based on a 1sCfc maximum junction 
temperature and a thermal resistance of 17SoC/W junction to ambient. 

Note 4: Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% SeA as defined in the FCC Rules 
on Broadcasting. 
Note 5: VCO "OFF" curve represents the distortion attainable using good 19 kHz and 38 kHz filters. 

Typical Performance Characteristics (Contjnued) 

Monaural Distortion 
vs Input Amplitude 
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~National Audio/Radio Circuits 
~ Semiconductor 
LM1818 Electronically Switched Audio Tape System 
General Description Features 

• Electronic record/play switching 
• 85 dB power supply rejection 
• Motional peak level meter circuitry 

• Low noise preamplifier circuitry 
• 3.5V to 18V supply operation 

The LM1818 is a linear integrated circuit containing all 
of the active electronics necessary for building a tape 
recorder deck (excluding the bias oscillator). The elec
tronic functions on the chip include: a microphone and 
playback preamplifier, record and playback amplifiers, 
a meter driving circuit, and an automatic input level 
control circuit. The IC features complete internal elec
tronic switching between the record and playback modes 
of operation. The multipole switch used in previous 
systems to switch between record and playback modes 
is replaced by a single pole switch, thereby allowing for 
more flexibility and reliability in the recorder design.* 

• Provision for external low noise input transistor 

*Monalln~1 noeration. Fiaure 9. 

Typical Applications 
Mit Cl 

INPUT II'F 

~:' 

HI 

41pF 

J"82" 
TO RIGHT CHANNEL HEAD 

AND ELECTRONICS 

AUTO LEVEL 

RECORD CLAMP 

., ., 4JDk .5 
2D0 ., 300 

IDO 

41pF 

R8 

" 
":" 

LM1818 

.Ie 

".~": 10k I 
I 

+ C1 : 

l'DO"":" I 

PLAY 

RECORD 

RECORD/PLAY 
lOGIC 

.12 
IODk 

+ tiD 

":" 
I'" 

BIAS AND ERASE 
I OSCILLATOR BLOCK 
I TOKO NO 124BOR·l018N 

J"82'F 
PLAY I 

L-------------.-'C-O-.DcQ~ 

Order Number LM1818N 
See NS Package N20A 

.Il 
15k 

Vs 

FIGURE 1. Stereo Application Circuit (Left Channel Shown), Vs =.1.5V 
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Absolute Maximum Ratings 
Supply Voltage 18V 
Package Dissipation, (Note 1) 715mW 
Storage Temperature -65°C to +150°C 
Operating Temperature O°C to HO°C 
Junction Temperature 150°C 
Minimum Voltage on Any Pin -0.1 VDC 
Maximum Voltage on Pins 2 and 5 0.1 VDC 
Maximum Current Out of Pin 14 5mADC 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics VCC ~ 6V, T A ~ 25°C, See Test Circuits (Figures 2 and 3) 

PARAMETER CONDITIONS MIN .Typ MAX UNITS 

Operating Supply Voltage Range 3.5 18 VDC 

Supply Current Test Circuit (Figure 2) 5 12 mA 

Turn·ON Time Externally Programmable 50 400 ms 

Playback Signal to Noise DIN Eq. (3180 and 120 Ilsl. 20-20 kHz, 74 'dB 

Rs ~ 0, Unweighted, VREF ~ 1 mV at 

400 Hz 

Record Signal to Noise Flat Gain, 20-20 kHz, Rs ~ 0, ALC OFF, 69 dB 

VREF ~ 1 mV at 1 kHz, Unweighted . 

Fast Turn·ON Charging Cur,rent Pins 16 and 17 200 IlA 

Record and Playback Preamplifier f~100Hz 100 dB 

Open Loop Voitage Gain " 
Preamplifiers' Input Impedance 50 kn 

. Preamplifiers~ Input Referred PSRR 1 kHz-Fiat Gain 85 dB 

Bias Voltage on Pin 18 in Play Mode 0.5 V 

or Pin 15 in Record Mode 

Monitor Amplifier Input Bias Pins 11 and 12 0.5 IlA 

Current , 
Monitor Amplifier Open Loop Record or Playback, f ~ 100 Hz . 80· dB 

Voltage Gain , 
Monitor Outputs Current Capability Pins 9 and 10, Source Current Available 400 750 Illi. 

Monitor Amplifier's Output Swing RL ~ 10k, AC Load 1.2 1.65 Vrms 

THD,AII Amplifiers At 1 kHz, 40 dB Closed Loop Gain 0.05 % 

Record-Playback Switching Time As in Test Circuit 50 ms 

Input ALC Range LININ for ~VOUT ~ 8 dB 40 dB 

Input Voltage on ALC Pin for 25 mVrms 

Start of ALC Action 

ALC Input Impedance 2 kn 

ALC Attack Time C13 ~ 10llF 7 ms 

ALC Decay Time R17 ~ 00, Cl~ ~ 10llF .30 sec 

Meter Output Gain 100 mVrms at 1 kHz into Pin 4 800 mVDC 

Meter Output Current Capability 2 mADC 

Note 1: For operation in ambient temperatures above 2SoC. the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 17SoC/W junction to ambient. 

10-114 



Test Circuits 

r--------------------------------~ ..... -o ~~~~~~LlFIER 

SOD 

200 

14 20k ZOk 3.9k 

L------~'~3----~-------.VCC 

11 

lOOk 
PIN 20 +--JI,M,-. 

5.111: .560 
RECORD MONITOR OUTPUT o-+ ..... ------II/I/Ir------... .;""v......, 

5.1k 
PLAY MONITOR OUTPUT o-..... -------II/I/Ir--------I 

FIGURE 2. General Test Circuit 

+ 
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10k 1k 
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I 
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FIGURE 3. Noise Test Circuit 
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Equivalent Schematic Diagram 

Typical Performance Characteristics 
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Application Hints 

Preamplifiers (Figure 5) 

There are 2 identical preamplifiers with 1 common 
output pin on the IC. One amplifies low level inputs 
such as a microphone in the record mode and another 
amplifies the signal from the playback head in the 
playback mode. The amplifiers use a common capacitor, 
C6, to set the low frequency pole of the closed loop 
responses. On the playback amplifier, the collector of 
the input device is made available so that an external low 
noise device can be connected in critical applications. 
When using an external low noise transistor, pins 17 and 
18 of the IC are shorted together to ensure that the 
internal input transistor is turned OFF and the external 
transistor's collector is tied to pin 19. The input and 
feedback connections are now made to the external 
input transistor. The amplifiers are stable for all gains 
above 5 and have a typical open loop gain of 100 dB. 
R8 and R9 enable C6 to be quickly charged and set the 
DC gain. Internal biasing provides a DC voltage indepen· 

DC output will remain relatively constant with tempera
ture. Supply decoupling is provided by an internal 
regulator. Additional decoupling can be added for the 
input stages by increasing the size of the capacitor on 
pin 20 of the IC. A fast charging circuit is connected to 
the pre~mplifiers' input capacitors (pins 16 and 17) to 
decrease the turn-ON time. Larger input capacitors 
decrease the noise by reducing the ~ource impedance at 
lower frequencies where 1 If noise current produces an 
input noise voltage. The input resistance of the pre
amplifiers is typically 50 kn. 

Monitor and Record Amplifiers (Figure 6) 

The monitor and record amplifiers share common input 
and, feedback connections but have separate outputs. 
During playback, the input signal is amplified and 
appears only at the playback monitor output. Because 

20 500 

30k 

" 1.2V 

SDk 

17 + 

18 

D.5YDC 

.z 

+ 

~ .. 1.2V 

SDk 

" 

the outputs are separate, different feedback components 
can be used and, as a result, totally different responses 
can be set. The amplifiers are stable for all closed loop 
gains above 3 and have an open loop gain of typically 
80 dB. The outputs are capable of supplying a minimum 
of 400 /JA into a load and swing within 500 mV of 
either V CC or ground. If more than 400/JA is needed to 
drive a load, an external pull-up resistor on the output of 
these amplifiers can increase the load driving capability. 

Automatic Level Control - ALC (Figure 7) 

The automatic level control provides a constant output 
level for a wide range of record source input levels. 
The ALC works on the varying impedance characteristic 
of a saturated transistor. The impedance of the saturated 
transistor forms a voltage divider with the source imped
ance of a series resistor (Rl in Fiaure 9). The input 
signal is decreased as the ALC transistor is increasingly 
forward biased. The ALC transistor will be forward 
biased when the preamplifier's AC output (pin 14), 
coupled to the combination ALC-meter drive input 
(pin 4) reaches 40 mV peak (25 mVrms). The gain of 
the ALC loop is such that a preamp input signal increase 
of 10 dB will result in a 2 dB increase on the AC output 
of the preamplifier. If greater than 25 mVrms is desired 
at the output of the preamp, a series resistor can be 
added between the, preamp output coupling capacitor 
and the ALC input (pin 4). The input impedance' of the 
ALC circuit is 2 kn; therefore, if a 2 kn series resistor 
is added, ALC action will begin at 50 mVrms. 

The ALC memory capacitor connected to pin 6 has the 
additional function of amplifier anti-pop control; for 
this reason, it is necessary that a capacitor be connected 
to pin 6 even if ALC is not used. 

Quiescent DC Output Voltage 

Voe = (1 + ::) 10.5 - 50 x 10-6R2)V if R2 + R3 > 10 RE 

RSR9 
where RE =, RS + R9 

AC Voltage Gain 

R3 
R4 + "'1 -+-=S"'CC=5-=R-=-3 

AAC = ---:R::-:2::---- + 1 

AV 
1 

Wi4c5 

1+~ 
RZ 

FIGURE 5. Preamplifier 
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Application Hints (Continued) 

Meter Driving-Motional Peak Level Response (Figure 7) 

The meter drive output (pin 8) is capable of supplying 
1-2 mA at a filtered DC voltage that is' typically equal 
to 10 times the RMS value of the 'signal applied to the 
ALC-meter drive input pin (pin 4). The RC network 
connected to pin 7 of the Ie determines the memory 
constant of the meter circuit. It is therefore possible 
to store the peak input signal by giving this RC network 
a long time constant, or read the instantaneous signal 
level by giving this RC network a very short time con
stant (i.e.. no capacitor). This memory capacitor is 
discharged within the integrated circuit at a discharge 
rate related to the DC level on the meter output pin. 
When the meter output pin is between 0 VDC and 
0.7 VDC there is a 50 /lA discharge current; when the 

R15 
Record gain = 1 + R14 

R16 
Playback gain = 1 + R 14 

Rll Vec/2 R12 
,-'W'v-..... -'V'{Vo-+ vee 

R14 

+ 

pin is between 0.7V and 1;1 V there is no internal 
discharge current; and when the voltage on pin 8 is 
greater than 1.1 V there is a discharge equivalent to a 
3.3k resistor acrbss the memory capacitor. These' dif
ferent discharge rates allow the meter circuit to display 
fast, accurate responses on the lower portion of the 
meter display, slow responses in the higher portion of 
the meter display, and rapid discharge when the voltage 
is above the maximum reading the meter can display. 
The resistor in series with the meter can be adjusted 
such that the previously mentioned responses coincide 
with the proper points (0 VU and +3 VU) on the meter 
scale. 

R16 

FIGURE 6. Monitor Amplifier 

FIGURE 7. Auto Level-Meter Circuit 
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Application Hints (Continued) 

Anti-Pop Circuitry (Figure 8) 

The capacitor on pin 3 is used in a time delay system in 
conjunction with C13, the ALC capacitor, to suppress 
pops when switching between record and playback. 
Figure 8 illustrates how this is done. The output ampli
fier, either record or playback, is shut off prior to 
switching and carefully rebiased after switching takes 
place. It is therefore required that a proper ratio is 
selected between th~ ALC capacitor and the logic input 
RC time constant. The ALC capacitor must be discharged 
to 0.7V within the time it takes the logic input capacitor 
to: 1) charge from VCC/2 to 0.7 VCC when switching 
from record to playback, or 2) discharge from V CCI2 
to 0.3 VCC when switching from playback to record. 
These times would normally be similar; however, the 
ALC capacitor can be charged to a different initial value 
depending upon the input to the ALC circuit. The maxi
mum value to which the ALC memory capacitor will 
normally charge is 3.2V, therefore, the maximum time 

(C13 x ~V) (3.2V - 0.7V) 
tl = = C13 

11 350J.lA 

C13 x 7.2 x 104 

IfC13 = lO!lF, tl = 72 ms 

It it now necessary to determine the minimum value for 
,the RIP logic capacitor. This is done by computing the 
time between the 2 voltage switching points using the 
exponential equations for a single RC network. 

[ VCC ] t2= R13Cllin ---
0.3 VCC 

R13Cllln[~]= 0.51 R13Cll 
0.5 Vec 

R13 should be kept to a value less than·50 kn to insure 
that bias current existing from pin 3 does not cause an 
offset voltage above 200 mV. Typically this bias current 
is less than 3!lA. 

Record Playback Switch 

When the voltage on pin 3 of the IC is greater than 
0.5 V CC, the internal record-playback switch switches 
into the playback mode. During playback the record 
preamplifier remains partially biased but the input signal 
to this preamp does not appear at the preamplifier 
output. In addition, during the playback mode, the 
record monitor output (pin 9) is disabled and the ALe 
circuit operates to minimize the signal into the record 
preamp input. The meter circuit is operational in the 
playback as well as the record mode. Similarly, during 
the record mode, the playback preamp input is ignored 
.nri thp !1i"yh"ck monitor output is disabled. In addi
tion, a pin is available to hold one side of the record 
head at ground potential while sinking up to 500!lA 
of AC bias and record current. 

To be sure that C13 is completely discharged, let t2 > tl. 
+ ell 

Ale leAP 
tl (72 ms) 

R13 ell> -- = --- = 141 ms 
0.51 0.15 

Ifell = 10!lF, R13= 15kn 

PING 
ALCCAP 

zv ____ I-{t1r-
D.1V -----,=71' 

FIGURE BA. Anti-Pop Circuit 

~~~~:~ Vccf2 -"""II1II-"'II"""I\\~,.,...-r-v-.....,,..... .... - ..... -\it'----~-~""'~-h-
PIN 14 SWITCHING 

PLAY 

Mg~i~~~ Vcc12 
PINg 

DCCURS
MONITDR 

AMPLIFIER OUTPUTS --
DISABLED ~ _____ -,-___ _ 

FIGURE BB. Wavefor.m for Anti-Pop Circuit 
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External Components 
(Refer to Figure 9, Monaural Application Circuit) 

COMPONENT EXTERNAL COMPONENT FUNCTION 
NORMAL RANGE 

OF VALUE 

Rl Used in conjunction with varying impedance of pin 5, forming a resistor divider 500!1-20 k!1 
network to reduce input level in automatic level control circuit 

C2 Forms a noise reduction system by varying bandwidth as a function of the 0.01I/ F-0.5I/F 
changing impedance on pin 5. With a small input signal, the bandwidth is 
reduced by Rl and C2. As the input level increases, so does the bandwidth. 

Cl,C3 Coupling capacitors. Because these are part of the source impedance, it is 0.5I/F-l0I/F 
important to use the larger values to keep low frequ.ency source impedance 
at a minimum. 

C4 Radio frequency interference roll-off capacitor 100 pF-300 pF 

R2 Playback response equalization. C5 and R3 form a pole in the amplifier response 50 n-200 n 
R3 at 50 Hz. C5 and R4 form a zero in the response at 1.3 kHz for 120 I/S equalization 47 kn-3.3 Mn 
R4 and 2.3 kHz for 70l/s equalization. 2 kn-200 kn 
C5 

R5 Microphone preamplifier gain equalization 50 n-200 n 
RB 5 kn-200 kn 

R7 DC feedback path. Provides a low [mpedance path to the negative input 0-2kn 
R8 in order to sink the 50l/A negative input amplifier current. CB, R9, 200n-5 kn 
R9 R7 and C7 provide isolation from the output so that adequate gain can be 1 kn--30 kn 
CB obtained at 20 Hz. This 2·pole technique also provides fast turn·ON settling time. 2001/F-l0001/F 
C7 0-100I/F' 

C8 Preamplifier output to monitor amplifier input coupling 0.05 I/F-l I/F 

C9 ALC coupling capacitor. Note that ALC input impedance is 2 kn 0.1I/ F-5I/ F 

RIO These components bias,the monitor amplifier output to half supply since the 10 kn-l00 kH 
Rll amplifier is unity gain at DC, This allows for maximum output swing on a varying 10 kn-l00 kH 
R12 supply. '10 kn-l00 kn 
Cl0 1I/ F- 1OOI/F 

Cll Exponentially falling or rising signal on pin 3 determines sequencing, time delay, 0-1 0 1/F 
R13 and operational mode of the record/play anti-pop circuitry. See anti-pop diagram. 0-50 kn 

R14 RIB, R14 and C12 determine monitor amplifier response in the play mode. lk-l00k 
R15 R 15, R 14 and C12 determine monitor amplifier response in the record mode. 30 kn-3 Mn 
RIB 30 kn-3 Mn 
C12 0.1I/F- 2OI/F 

C13 Determines decay response on ALC characteristic and reduces amplifier pop 5 I/F-20 I/F 
R17 100k-~ 

C14 Determines time constant of ~eter driving circuitry 0.II/ F-l0I/F 
RIB 100k-~ 

RIg Meter sensitivity adjust 10 kn-l00 kn 

C15 Record output DC blocking capacitor 1I/ F- 1O I/ F 

CIB Play outPut DC blocking capacitor 0.II/ F-l0I/F 

C17 Changes record output response to approximate a constant current output in 500 pF-O.l I/F 
R21 conjunction with record head impedance resulting in proper recording 5 k!1-100 kn 
R22 equalization 5 kn-l00 kn 

CIB Preamplifier supply decoupli~g capacitor. Note that large value capacitor 
will increase turn-ON time 

0.II/ F- 5OOI/ F 

C19 Supply decoupling capacitor 100 I/F-l000 I/F 

C20 Decouples bias oscillator supply 10 I/F-500 I/F 

R23 Allows bias level adjustment 0-1 kn 

R24 Adjusts DC erase current in DC erase machines (for AC erase, "Stereo 
Application Hook-up") 

L1 Optional bias trap 1 mH-30 mH 
C21 100 pF-2000 pF 

C22 Bias RolI·Off 0.001 I/F-Om I/F 

HI Record/play head' 100 n-500 n; 70 mH-
300mH 

H2 Erase head (DC type, AC optional) 10 H-300 n 
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Typical Applications (Continued) 
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~ ~ National . 
i ~ Semiconductor 

Audio/Radio Circuits 
PRELIMINARY 

~ 

LM1837 Low Noise Preamplifier for Autorevers'ing Tape 
Playback Systems 

General Description 
The LM1837 Is a dual autoreversing high gain tape 
preamplifier for applications requiring optimum noise per
formance.lt has forward (left, right) and reverse (left, right) 
inputs which are selectable through a high impedance 
logic pin. It Is an ideal choice for a tape playback amplifier 
when a combination of low noise, autoreverslng, good 
power supply rejection, and no power-up transients are 
desired. The application also provides transient-free 
muting with a single pole grounding switch. 

Features 
• Programmable turn-on delay 
• Transient-free power-up - no pops 
• Transient-free muting 

Vcc=12Voc R' 
1.2M 

RlDHTFORWMD 
INPUT 

RIGHT REVERSE 
INPUT 

LEFT _RD 
INPUT 

LEFT REVERSE 
INPUT 

LOOIC 
FORWAROsO.5V 
REVERSE" 2,2V 

1.2M 

':' 

• Low noise - 0.6 ",V CCIR/ARM in a DIN circuit refer
enced to gain at 1 kHz 

• Low voltage battery operation - 4V 
• Wide gain bandwidth due to broadband two amplifier 

approach - 76 dB @ 20 kHz . 

• High power supply rejection - 95 dB 

• Low distortion - 0.03% 
• Fast slew rate - 6V/",s 
• Short circul.t protection 
• Internal diodes for diode switching applications 

• Low cost external parts 
III Excellent low frequency response 

• Prevents "click" from being recorded onto the tape dur
'Ing power supply cycling in tape playback applications, 

• High impedance logic pin forforward/reverse switching 

R2 C2 Cl R3 
10kRl 10.F O.0022pF 1,5MO 

3V 5% 5% 
10k 

~ 
RIOHT 

OUTPUT 

R6 
10k 

':' 

10k 

LEFT 
18 OUTPUT 

16 15 

O.OO22,.F RT 
10k 51' 270k 270k 

'~1~ 
+ 3V 

101c ~10pF 56k 1 ,5M 10l'rl0NAL MUTE 
5% 5% 

FIGURE 1_ Autoreverslng Tape Playback Application 
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r-
Absolute Maximum Ratings 3: .... 
Supply Voltage 18V Operating Temperature O·Cto + 70·C CO 
Voltage on Pins 1 and 18 18V Minimum Voltage on Any Pin -0.1 Voc 

c,.) ..... 
Package Dissipation (Note 1) 1390mW Lead Temperature (Soldering, 10 seconds) 300·C 

Storage Temperature -65·Cto + 150·C 

Electrical Characteristics (TA = 25·C, Vcc = 12V, see Test Circuit, Figure 2) 

Parameter Conditions Min Typ Max Units 

Operating Supply Voltage Range R5 Removed Irom Circuit lor Low Voltage Operation 4 18 V 

Supply Current Vcc=12V 9 15 rnA 

Total Harmonic Distortion 1=1 kHz, VIN = 0.3 mY, Pins 2 and 17, Figure 2 0.03 % 

THD + Noise (Note 2) 1=1 kHz, VOUT = W, Pins 2 and 17, Figure 2 0.10 0.25 % 

Power Supply Rejection Input ReI. 1=1 kHz, 1 Vrms 80 95 dB 

Channel Separation (Note 3) 1=1 kHz, Output = 1 Vrms, Output to Output dB 
Left to Right 40 60 dB 
Forward to Reverse 40 60 dB 

Signal·to-Nolse INOte 4) 
•• .•.• ..... •• ... .... _ •• _, ,_ , .. , _.L_ .... , 
unwt::=lylll~u \l~ nL-I'::'.I"'t J\.n, \I'\IV~'=' 'I 58 dB 
CCIR/ARM (Note 5) 62 dB 
A Weighted 64 dB 
CCIR, Peak (Note 6) 52 dB 

Noise Output Voltage CCIR/ARM (Note 5) 120 200 p.V 

Input Ampliliers 
Input Bias Current 0.5 2.0 p.A 
Input Impedance 1= 1 kHz 150 kll 
ACGain 27 28 29 dB 
AC Gain imbalance ±0.15 ±0.5 dB 
DC Output Voltage 2.1 2.5 2.9 V 
DC Output Voltage Mismatch Pins 5 and 14 -200 ±30 200 mV 
Output Source Current Pins 5 and 14 2 10 rnA 
Output'Sink Current Pins 5 and 14 300 600 p.A 

Logic Level 
Forward -0.5 V 
Reverse 2.2 V 

Logic Pin Current 2 6 p.A 

DC Voltage Change at Change Logic State -100 ±20 100 mV 
Pins 5 and 14 

Output Amplifiers 
Closed Loop Gain Stable Operation 5 VIV 
Open Loop Voltage Gain DC 

-' 
100 dB 

Gain Bandwidth'Product 5 MHz 
Slew Rate 6 V/p.s mJII Input Offset Voltage 2 5 mV 
Input Offset Current 20 100 nA 
Input Bias Current 250 500 nA 
Output Source Current Pin20r17 2 10 rnA 
Output Sink Current Pin20r17 400 900 p.A 
Output Voltage Swing Pin 2 or 17 11 Vp·p 

Output Diode Leakage Voltage on Pins 1 and 18 = 1~V 0' 10 p.A 

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance of 90°C/W junction to ambient. 

Note 2: Measured with an average responding Yoltmeterusing the f,ilterclrcuit in.Figure4. This simple filter is approximately equivalent to a "brick wall" filter 
with a passband of 20 Hz to 20 kHz (see Application Hints). For 1 kHz THO the 400 Hz high pass filter on the distortion analyzer is used. 
Note 3: Channel separation can be measured by applying the Input signal through transformers to simulate a floating source (see Application Hints). Care 
must be taken to shield the coils from extraneous signals. Actual production test techniques at National simulate this floating source with a more complex op 
amp circuit. ,-, 

Note 4: The numbers are referred to an output level of 160 mV at pins 2 and 17 using the Circuit of Figure 2. This corresponds to an input level of 0.3 mVrms at 333 Hz. 

Note 5: Measured with an average responding voltmeter using the Dolby lab's standard CCIR filter having a unity gain reference at 2 kHz. 
Note 6: Measured using the Rhode-Schwarz psophometer, model UPGR. 
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i3 Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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External Components (Figure 1) 

Component 

R1,C2 

R2,R3 

R4,C1 

Nonnal ~ange of Value and Function 

2 kll-40 kll, 0.1I'F-10 I'F (low l!lakage) 
Set turn-on delay and second ampli
fier's low frequency pole. Leakage cur
rent in C2 results in DC offset'between 
the amplifier's inputs and therefore 
~his current should be kept low. R1 is 
set equal to R2 such that any Input off
set voltage due to bias current is effec
tively cancelled. An input offset volt
age is generated by the input offset· 
current multiplied by the value of these 
resistors. 

2 kll-40 kll, 500 kll-10 Mil 
Sets the DC and low frequency gain of 
the output amplifier. The total input off
set voltage will also be multiplied by 
the DC gain of this amplifier. It is 
therefore essential to keep the input 
offset voltage specification in mind 
when employing high DC gain in the 
output amplifier; i.e., 5 mV x 400 = 2V 
offset at the output. 

10 kll-200 kll, 0.00047 I'F-0.01I'F 
Set tape playback equalization charac
teristics in conjunction with R3 (cal
culations for the component values 
are included in the Application Hints 
section). 

Simplified Schematic 

lD 

GND 
7,12 5,14 
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Component 

R6 

C3 

R5 

R7 

8,11 

Normal Range of Value and Function 

2 kll-47 kll 
Biases the output diode when it is used 
in DC switching applications. This re
sistor can be excluded if diode switch
ing is not desired. 

100 pF-1000 pF 
Often used to resonate with tape head 
in order to compensate for tape play
back losses including tape head gap 
and eddy current. For a typical cas
sette tape head, the resonant fre
quency selected is usually between 
13 kHz and 17 kHz. 

100 kll-10 Mil 
Increases the output DC bias voltage 
from the nomlnal2.5V value (see Appli
cation Hints). 

Optionally used for tape muting. The 
use of this resistor can also provide 
"no-pop" turn-off if desired (see Appli
cation Hints). 

4,15 3,16 2,17 1,18 



Application Hints 
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Application Hints (Continued) 

DISTORTION MEASUREMENT METHOD 

In order to clearly interpret and compare specifications 
and measurements for low noise preamplifiers, it is 
necessary to understand several basic concepts of noise. 
An obvious example is the measurement of total harmonic 
distortion at very low input signal levels. Distortion 
analyzers provide outputs whiCh allow viewing of the 
distortion products on an oscilloscope. The oscilloscope 
often reveals that the "distortion" being measured con
tains 1) distortion, 2) noise, and 3) 50 or 60 cycle AC line 
hum_ 

Line hum can be detec~ed by using the "line sync" on the 
oscilloscope (horizontal sync selector). The triggering of a 
constant wavef9rm indicates that AC line pick-up is pres
ent. This is usually the result of electro-magnetic coupling 
into the preamplifiers input or improper test equipment 
grounding, which simply must be eliminated before mak· 
ing further measurements! 

Input coupling problems can usually be corrected by any 
one of the following solutions: 1) shielding the source of 
the magnetic field (using mu metal or steel), 2) mag
netically shielding the preamplifier, 3) physically moving 
the preamplifier far enough away from the magnetic field, 
or 4) using a high pass filter (fo = 200 Hz-1 kHz) at the out
put of the preamplifier to prevent any line signal from 
entering the distortion analyzer. Ground loop problems 
can be solved by rearranging ground connections of the 
circuit and test equipment. 

Separating noise from distortion products is necessary 
when it is desired to find the actual distortion and not the 
signal-to-noise ratio of an amplifier. The distortion pro
duced by the LM1837 is predominantly a second har
monic. It is for this reason that the third and higher order 
harmonics can be filtered without resulting in any ap
preciable error in the measurement. The filter also reduces 
the amount of noise in the measured data. Another more 
tedious technique for measuring THO is to use a wave 
analyzer. Each harmonic is measured and then summed in 
an rms calculation_ A typical curve is plotted for distortion 
vs frequency using this method. A typical curve is also in
cluded using a 20 Hz to 20 kHz 4th order filter. 

To specify the distortion of the LM1837 accurately and 
also not require unusual or tedious measurements the fol
lowing method is used. The output level is set to 1 Vrms at 
1 kHz (approximately 5 mV at the input). The output is 
filtered with the circuit of Figure4to limit the bandwidth of 
the noise and measured with a standard distortion 
analyzer. The. analyzer has a fi Iter that is switched in to 
remove line hum and ground loop pick-up as well as unre
lated low frequency noise. The resulting measurement is 
fast and accurate. 
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SIGNAL·TO·NOISE RATIO 

In the measurement of the signal-to·noise ratio, misinter
pretations of the numbers actually measured are com· 
mono One amplifier may sound much quieter than another, 
but due to improper testing techniques, they appear equal 
in measurements. This is often the case when comparing 
integrated circuit to discrete preamplifier designs. Dis· 
crete transistor preamps oft~n "run out of gain" at high 
frequencies and therefore have small bandwidths to noise 
as indicated in Figure 5. 

80 
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;;: 
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--, IC 
\ 
\ 
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\ 
20 2DD 2k 20k 200k 2M 
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FIGURE 5 

Integrated circuits have additional open loop gain allow
ing additional feedback loop gain in order to lower har
monic distortion and improve frequency response. It is 
this additional bandwidth that can lead to erroneous 
signal-to-noise measurements if not considered during 
the measurement process. In the typical example above, 
the difference in bandwidth appears small on a log scale 
but the factor of 10 in bandwidth (200 kHz to 2 MHz) can 
result in a 10 dB theoretical difference in the signal-to
noise ratio (white noise is proportional to the square root 
of the bandwidth in a system). 

In comparing audio amplifiers it is necessary to measure 
tha magnitude of noise in the audible bandwidth by using 
a "weighting" filter.1 A "weighting" filter alters the fre· 
quency response in order to compensate for the average 
human ear's sensitivity to certain undesirable frequency 
spectra. The weighting filters at ttiil same time provide the 
bandwidth limiting as discussed in the previous 
paragraph. 

The 32 Hz to 12740 Hz filter shown in Figure 4 is a simple 
two pole, one zero filter, approximately equivalent to a 
"brick wall" filter of 20 Hz to 20 kHz. This approximation is 
absolutely valid if the noise has a flat energy spectrum 
over the frequencies involved. In other words a measure
ment of a noise source with constant spectral density 



Application Hints (Continued) 

through either of the two filters would result in the same 
reading. The output frequency response of the two filters 
is shown in Figure 6. 

e" 
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CI 
:::> 

o 

~ 0 
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20 32 12740 20k 
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FIGURE 6 

Typical signal-ta-noise figures are listed for several 
weighting filters which are commonly used in the meas
urement of noise. The shape of all weighting filters is 
similar with the peak of the curve usually occwring in the 
3 kHz-7 kHz region as shown in Figure 7. ' 

20 200 2k 6k 20k 

FREQUENCY (Hz) 

FIGURE 7 

In addition to noise filtering, differing meter types give dif· 
ferent noise readings. Meter responses Include: 1) rms 
reading, 2) average responding, 3) peak reading, and 
4) quasi peak reading. Although theoretical noise analysis 
is derived using true rms (root mean square) based calcu
lations, most actual measurement is taken with ARM 
(Average Responding Meter) test equipment. 

Unless otherwise noted an average responding meter Is 
used for all AC measurements in this data sheet. 

- BASIC CIRCUIT APPROACH 
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The LM1837 IC incorporates a two stage broadband 
design which minimizes noise, attains overall DC stability 
and prevents audible transients during turn-on. 

The first stage consists of four direct coupled preampli· 
fiers with internal gain of 25V/v (28 dB). Direct coupling to 
the tape head reduces input source impedance and exter
nal component cost by removing the input coupling ca
pacitor. A typical input coupling capacitor of 1 p.F has a 
reactance of 1.5 kO at 100 Hz. The resulting noise due to 
the amplifier'S input noise current can dominate the noise 
voltage at the output of the playback system. The inputs of 
the amplifiers are biased from a common reference volt
age that is temperature compensated to produce a quies
cent DC voltage of 2.5V at the output of the first stage. The 
input stage bias current that flows through the tape head 
is kept below 2 p.A in order to prevent any erasure of tape 
moving past the head. An added advantage of DC biasing 
is the prevention of large current transients during the 
charging of coupling capacl10rs at rum-on olllU LUIII-';';;. 
The outputs of the forward and reverse preamplifier are 
fed to the common output op amp through a logic con
trolled switch. 

The second stage provides additional gain and proper 
equalization while preventing audible turn-on tran
sients or "pops". The output (pin 2) is kept low until C2 
charges through Rl. When the voltage on C2 gets close to 
the DC voltage on pin 5, the output rises exponentially to 
its final DC value. The result is a transient-free turn-on 
characteristic. 

Internal diodes are provided to facilitate electronic diode 
switching popular in aut,omotive applications. 

The General Test Circuit illustrates the topography of the 
system. The components determining the overall fre
quency response are external due to the extreme sensitiv
ity when matching a DIN equalization curve. 

MUTE CIRCUIT AND LOGIC 

The LM1837 can be muted with the addition of two 
resistors and a grounding switch, as shown in Figure 1. 
When the circuit is not muted the additional resistors have 
no effect on the AC performance. They do have an eifect 
on the DC Q point however_ 

The difference in the DC output voltages of the input am
plifiers is applied across the mute resistors (R7) and the 
positive input resistors (Rl). This results in an additional 
offset at the input of the output amplifiers. To keep this off
set to a minimum R7 should be as large as possible to 
achieve effective muting. Unmute voltage is the peak sig
nal the preamplifier can swing without turning on the out
put amplifier under mute conditions: 

Unmute voltage = 

[ R511R3 
V PIN 5, 14 R2 + R511R3 R7 ] 

Rl +R7 

rs: ..... 
CO 
CA) ...... 



~ Application Hints (Continued) .,... 
:E For example: The circuit in Figure 1 has 2.5V DC at pins 5. 
.... and 14,so: 

Unmute voltage = 

[ 1.2Mlll.5M . 270k J 
2.5V 10k+ 1.2Mlll.5M -10k+270k =52.3 mV 

It may be necessary to slow the transition of the logic pin if 
the mute circuit is not used. The forward and reverse 
preamplifier output DC voltages can differ by ± 100 mV. 
This rapid DC charge is gained up by the output amplifier 
and appears as a pop. The circuit of Figure 8 will slow the 
DC transition. . 

V+=12V 
~ .... 

~ , 

.~ 300k 

lOOk 
. .:.!l.- TO PIN 13 

"J; l/LF 

FIGURE 8. Circuit to Slow Logic 

DESIGN EQUATIONS 

The overall gain of the circuit Is given by: 

- r -R4R3] (s+RkT) 
Av-25 LR2(R3+R4) Is+' '1 ' ) 

\. (R3 + R4)Cl 

(1) 

Standard cassette tapes'require equalization' of 3180 /LS 
(50 Hz) and 120 /LS (1.3 kHz). These time constants result in 
an AC gain at 1 kHz given by: ' 

, '( _ R4R3) {3180!iSOr50 Hz } 
Ay(l kHz) = 25 R2(R3 + R4) 1.663 120 !is ~~~326 Hz (2) 

Using the pole' and zero locations of the transfer function, 
the two. ether equations needed to solve fer the cempo· 
nent values are: ' 

1 
R4= 211'Cl(1326 Hz) 

1 
R3= 211'Cl(50 Hz) 211'Cl(1326 Hz) 

(3) 

1 
211'Cl(51.96) , (4) 

We can new selve for Cl as a function ef R2, or: 

Ay(l kHz) = _ 25( [211'Cl~1326)] ~211'Cl~1.96J l(1.6~3) (5) 

[R2211'Cl(50J ' 

-4.80xl0-3 
Cl = R2[Ay (1 kHZ)] (6) 
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When chromium dio.xide tape is used, the,defined time 
cenlltants are 3180 /LS and 70/Ls. T!1is changes equation (3) 
to.: 

1 
R4= 211'Cl(2274 Hz) (7) 

The value of R3 is normally not changed. This results in an 
error ef less than 0.2 dB in the low frequency response. 

The eutput voltage, of the LM1837 is set by the input 
amplifier DC velt~ge at pin 5 or 14, and by R3 and R5. 

Nominal VouT(pin 2or17):;= 2.5(1 + ~) (8) 

Pins 1 and 18 are biased 0.7V less than VOUT (pin 2 or 17). 
When these diodes are used the output (pin 2 or17) should 
be biased at one half the minimum operating supply 
voltage. Equation (8) can be rewritten to solve for R5. 

R5= 2.5R3 
Vo-2.5 

(9) 

The eutput voltage of the LM1837 will vary frem that given 
in equatien (8) due to. variatiens in the input amplifier DC 
voltage as well as the eutput amplifier input bias current, 
input effset current and input offset voltage. The fellewing 
equatien gives the werst·case variatien in the eutput velt· 
age in either forward er reverse state. 

.1VOUT =±[.1VPIN3 (1+~) 

1~(Rl + R2)+ Vos)] 

R3 ( + R2 .1IBIAS(Rl - R2) + 

(10) 

USing the worst·case, values in the electrical characteris· 
tics reduces this to. 

r. ( R3) R3 .1VOUT = ± LO•4 1 + R5 + R2 (200nA(Rl- R2)+ 

50 nA (Rl + R2)+ 5 mV)] (11) 

Equatien 10 does not incerporate the ,effect of mute 
resistors on the e'utput voltage. The presence of mute 
resistors causes an additlenal offset 

.1V(pins5-14) 
.1VOUT(mute)= ± 2(Rl+R7) xRl 

Fer the circuit in Figure 1 werst·case: 

400mV 
.1Vour (mute) = 2(20k+270k) xl.5M = lV 

(12) 

This means thattheoutput pins 2 and 17 would differ by1V. 
The trade off here is the amount ef unmute voltage versus 
the DC accuracy ef pins 2 and 17. 

The turn·on deiay is set by Rl and C2; delay can be apprexi· 
mated by: 

Delaytimet=R1C2£n (~)(~) 
VoDe, R2 

(13) 



Application Hints (Continued) . 

EXAMPLE 

If we desire a tape preamp with 100 mV output signal from 
a tape head with a nominal output of 0.5 mV at 1 kHz for 
standard ferric cassette tape, the external components 
are determined as follows. The value of R2 is arbitrarily set 
to 10 kO. 

R1=R2=10k 

This minimizes errors due to the output amplifier bias 
currents. 

-4.80 X 10- 3 
C1= r _100mv]=2400 PF-0.0022!'F 

10 kO L 0.5 mV J 
Use 0.0022!'F and determine: 

1 
R4= 2 ... C1(1326) 54.6 kO-54.9 k01% 

1 
R3= ?~r.1(!'i1 !lf3) = 1.39 MO-1.4 M01% 

To bias the output amplifier output voltage at 6V (half 
supply): 

R5 = 2.5(1.4 MO) M 
6-2.5 1 0 

The maximum variation in the output voltage .is found 
using equation (11): 

AVOUT= ±1.9V 

The low frequency response and turn-on delay determine 
the value of C2. For R1 = 10k and C2 = 10 !,F the low 
frequency 3 dB point is 1.6 Hz and the turn-on delay is 
0.4 seconds, from equation (12). 

The complete circuit is shown in Figure 2. A circuit with 
5% components and biased for a minimum supply of 1QV 
is shown in Figure 1.lf additional gain is needed R1 and R2 
can be reduced without changing the frequency response 
of the circuit. 

DIODE SWITCHING 

The LM1837 has a diode in series with each output for 
source switching applications. The outputs of several 
functional blocks can be diode OR-connected as shown in 
Figure 9. 

By removing the power supply from the FM demodulator, 
Its output diode will be cut off by the LM1837 output DC 
voltage. R6 is used to bias ON the diode of the LM1837 
when power Is applied to it. When the output is taken from 
pin 1 or pin 18, the THO will be higher because of the cur
rent modulation in the diode. 

RIGHT 
FORWARD 

FIGURE 9 

CROSSTALK AND CHANNEL SEPARATION 

When two signal sources share a common reference·point 
which is separated from ground by a resistance, there will 
always be some amount of interchannel crosstalk (the re
ciprocal of channel separation) induced. The coupling 
method of Figure 1 is examined to determine whether the 
induced crosstalk is acceptably low. 

Figure 10 is the equivalent AC circuit for the cpnnection 
scheme of Figure 1. RB is the Thevenin resistance of the 
common bias pOint, RIN is the preamplifier input 
resistance, Zs is the impedance of the playback head, and 
VS7, VS8, VS11 , and VS12 are the open-circuit output voltages 
of the sources. If we set VS8, VSll, and VS12 equal to zero, 
we can define crosstalk for this circuit as V121V7, where 
V7 and V12 are the AC signal voltages appearing at the two 
preamplifier inputs, assuming RB< < RIN/3. 

The crosstalk can be shown to be: 

V12 RB 
V1 = RB + Zs + RIN/3 

Since Zs is dependent on the measurement frequency and 
the particular head used, we choose the worst-case condi
tion and set Zs = O. The minimum valueof RIN Is 150 kO, and 
Rs:: 1000. This yields a crosstalk figure of: 

V12 100 
V1= 50100:: -54 dB 

This is 14 dB better than the minimum guaranteed channel 
separation, so the connection method of Figure 1 will pro
vide acceptable crosstalk levels. 

Reference 1: CCIR/ARM: A Practical Noise Measurement 
Method; by Ray' Dolby, David Robinson and Kenneth 
Gundry, AES Preprlnt No. 1353 (F-3). 

LEFT 
FORWARD 

FIGURE 10. AC Equivalent of Figure 1 
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LM1865/LM,1965 Advanced FM IF System 

General Description 
Reduced external component cost, improved perform
ance, and additional functions are key features to the 
LM1B65/LM1965 FM IF system. The LM1B65 is designed for 
use In electronically tuned radio applications. This version 
contains both deviation and signal level stop circuitry in 
addition to an open-collector stop output. The LM1965 is 
designed for use in manually tuned radios and provides a 
deviation and signal level mute function in addition to a 
pin that disables the mute function when grounded. 

Features 
• On-chip buffer to provide gain and terminate two 

ceramic filters 
• Low distortion 0.1% typical with a single tuned quadra

ture coil 
• Broad off frequency distortion characteristic 

Block Diagram 

WIDfBAND~ 
ABC IN 

• Low THO at minimum AFT offset 
• Meter output proportional to signal level 
• Mute function with mute disable and soft deviation 

mute for LM1965 

• Stop detector with open-collector output for LM1B65 
• Adjustable signal level mute/stop threshold, controlled 

either by ultrasonic noise in the recovered audio or by 
the meter output 

• Adjustable deviation mute/stop threshold 
• Separate time constants for signal level and deviation 

muteistop 
• Dual threshold AGC eliminates need for local/distance 

switch and offers improved immunity from third order 
intermodulation products due to tuner overload 

• User control of both AGC thresholds 
• Excelient signal to noise ratio, AM rejection and system 

limiting sensitivity 

V' 

.~ 

I 

AFT OUT AND 
DEVIATION MUTE/STOP 
WINDOW. ADJUST 

I 
I 
I 
I 
I 
L __ AGC METER ~~:':~s~:L MUTE/STOP MUTE DISABLE ILM19651 I 

NARROW 
BAND 

THRESHOLD 
ADJUST 

oUT_ oUT_ THRES~o~U.!!... _ FIIJE.!L ____ STo~~1~8&.!!.. _ ..J 
18 13 12 16 

-I 
FIGURE 1 

10-132 



Absolute Maximum Ratings 
Supply Voltage, Pin 17 

Package Dissipation (Note 1) 
Storage Temperature Range 

Operating Temperature Range 
Max Voltage on Pin 16 (Stop Output) for LM1865 

Lead Temperature (Soldering, 10 seconds) 

16V 
1.7W 

- 55·C to + 150·C 
O·Cto + 70·C 

16V 
300·C 

Electrical Characteristics Test Circuit, TA = 25·C, V + = 12V; S1 in position 2; S2 in position 1; and S3 in position 2 
unless indicated otherwise 

Parameter Conditions I Min I TYP I Max I Units 

STATIC CHARACTERISTICS 

Supply Current . 

Pin 9, Regulator Voltage 

Operating Voltage Range 

Pin 18, Output Leakage Current 

(See Note 2) 

Pin 20 Open, VIF = 0, S3 in Position 1 

Pin 16, Stop Low Output Voltage (LM1865 Only) S1 in Position 1, S2 in Position 3 

Pin 16, Stop High Output Leakage Current 
(LM1865 Only) 

Pin 15, Audio Output Resistance 

Pin 1, Buffer Input Resistance 

Pin 3, Buffer Output Resistance 

Pin 20, Wide Band Input Resistance 

Pin 8, Meter Output Resistance 

S2 in Position 2, V14 = V9 

Measured at DC 

Measured at DC 

Measured at DC 

DYNAMIC CHARACTERISTICS 'MOD = 400 Hz, '0 = 10.7 MHz, DEVIATION = ± 75 kHz 

- 3 dB Limiting Sensitivity IF Only (See Note 3) 

Buffer Voltage Gain 

Recovered Audio 

Signal-to-Noise 

AM Rejection 

Minimum Total Harmonic Distortion 

THO at Frequency where V14 = V9 
(Zero AFT Offset) 

"IN Pin 1 = 10 mVrms at 10.7 MHz 

VIF = 10 mVrms, V14 = V9 

VIF = 10 mVrms, V14 = V9 (See Note 4) 

V14=V9 
VIF = 1 mY, 30% AM Mod 
VIF= 10 mY, 30% AM Mod 

VIF= 10 mV 

VIF = 10 mY, Tune until V14=V9 

THO ± 10 kHz from Frequency where V14 = V9 VIF = 10 mV 

AFT Offset Frequency for Deviation Mute 
(LM1965 Only) 

VIF = 10 mY, Audio = - 3 dB, S2 in Position 4 
Offset = (Frequency for - 3 dB Audio)

(Frequency where V14 = V9) 

AFT Offset Frequency for Low Stop Output at VIF = 10 mY, S2 in Position 3, fMOO=O 
Pin 16 (LM18E?5 Only) Offset = (Frequency for Pin 16 Low)

(Frequency where V14 = V9) 

Ultrasonic Mute/Stop Level Threshold V14 = V9, S1 in Position 3 (See Note 5) 
VIF=10 mV 
fMOO=80 kHz 
S2 in Position 4 (LM1965) 
S2 in Position 3 (LM1865) 
Amount of Deviation where Audio Mutes (LM1965) 
Amount of Deviation where V16-12V (LM1865) 
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1
43 

mA 

5.7 V 

7.3 16 V 

0.1 p.A 

0.3 V 
0.1 p.A 

4.7 kG 

350 0 

350 0 

2 kO 

760 0 

60 p.Vrms 

26 dB 

390 mVrms 

84 dB 

60 dB 
60 dB 

0.1 % 

0.1 % 

0.15 % 

±45 kHz 

±40 kHz 

75 kHz 

r-s: ..... 
co 
0) 

S!! r-s: ..... 
~ 
(J1 

mJI 



Electrical Characteristics (Continued) Test Circuit, TA = 25'C, V + = 12V; 51 in position 2; S2 in position 1; and S3 in 
- position 2 unless indicated otherwise 

Parameter Conditions I Min I Typ I Max I Units 

DYNAMIC CHARACTERISTICS (Continued) 'MOD = 400 Hz, '0 = 10.7 MHz, DEVIATION = ± 75 kHz 

Pin 13 Mute/Stop Threshold Voltage 

Amount of Muting (LM1965 Only) 

Amount of Muting with Pin 13 arid 
Pin 16 Grounded 

Narrow Band AGC Threshold 

Wide Band AGC Threshold 

Pin 18, Low Output Voltage 

Pin 8, Meter Output Voltage 

V14 = V9, Sl in Position 4 
S2 in Position 4 (LM1965) 
S2 in Position 3 (LM1865) 
V13 where Audio Mutes (LM1965) 
V13 where V16-12V (LM1865) 

S2 in Position 4, Sl in Position 1, VIF = 10 mV 

51 in Position 1 
V14 =V9, VIF = 10 mV 

Increase IF Input untilIAGC =O.l mA 
Pin 20 = 30 mVrms 

VIF =l00 mVrms 
Increase Signal to Pin 20 untillAGC= 0.1 mA 

VIN Pin 20= 100 mY, VIF=100 mVrms 

VIF= lO I'V 
VIF=300I'V 
VIF=3mV 

Notal: Above TA = 25"C derate based on TJ(max) = 150'C and 9JA = 75"CIW. 

Note 2: All data sheet specifications are lor V+ = 12V and may change slightly with supply. 

Nole 3: When the IF is preceded by 26 dB gain in the buffer, excellent system sensitivity is achieved. 

Nota 4: Measured with a notch at 60 Hz and 20 Hz 10 100 kHz bandwidth. 

220 mV 

66 dB 

0 0 dB 

200 I'Vrms 

9 mVrms 

0.3 V 

0.1 V 
1.1 V 
2.6 V 

Nole 5: FM modulate RF source with an 80 kHz audio signal and find what modulation level, expressed as kHz deviation, results in audio mute lor the LM1965 
orVl6-12Vlorlhe LM1865. -

Test Circuit 

12V 
12Y 

5.F 

11k p+ O.D1.F 

~2Y 
12Y 

CURRENT 

~rn' T 0.016.F 

~ 50 2 3 

52 

Jh 04 
O.D1.F 

5kl 

18 17 16 15 

AGC Y+ STOP OUT AUDIO 
OUT (LMI865) OUT 

MUTE DISABLE 
t--t-+ .. OauAD=17 

ILM1965) 

IF IF 
IN DECOUPLE 

50 

FIGURE 2 
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Typical Performance .Characteristics (from Test Circuit) 
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FM Limiting Characteristics 
and AM Rejection 
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FM Limiting Characteristics 
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(EITHER/OR) 

Ir- ---l r -TomER'll Application Circuit 

Y+ 

Rll 
50k 

I OUTPUT 
, C11 , I R7 PIN8 , 

TO CONTROLLER R9 0.01 '"' , 5k I 
(LM1865) ,~ I 

OR MUTE DlSA8LE, .L ••• I .--' ....... 1 +--., Cl0 , 
(LM1965).,.. R8 0.1 ,F 

TO TU:~~ +---..... ----t---, 
v+ 

AlO 
10k 

(LM1865 
ONLY) 

5Y' ,lOkI' 

L ___ .J L: _ --=-_J 

Cl 

TO STEREO 
DECODER Al2 

3k9 

~~_~~~~18~~~17~~~16~~~_~_~~~~12~~~~;~----'-~~~ 
AGC V+ STOP OUT MUTE! 
OUT (LM1865) STOP 

R5 
5kl 

TOKO 
KAC-K2138 

TDD1~~~~ +-_0_.01_,",_. 
MUTE DISABLE FILTER 

(LM1965) 

I::ICF1 . 1::1 CF2 

'* ,*' 

IF IF 
IN DECOUPLE 

+ Cl 

~50"F 

FIGURE 3 

IC External Components (see Application Circuit) 

Component 

C1 
C2 
C3,C4 

C5 

C6 
C7 

C8 
C9 
C10 

C11 
C12 

C13 

R1 
R2,R3 

R4 

R5 
R6 

R7 
R8 

R9 

R10 

R11 

R12 

L1 

T1 

CF1, CF2 

Typical Value 

0,01 "F 
0,01 "F 
0,01 "F 

10"F 
0,01 "F 

50"F 
2.2"F 

5"F 
0.1 "F 

0,01 "F 

25"F 
0,01 "F 

Tuner Dependent 

Tuner Dependent 

Meter Dependent 
5k1 

25k 

5k 
10k Pot 

3k6 

10k 

50k 
3k9 

Comments 

AC coupling for wide band AGC input 
Buffer and AGC supply decoupling 

IF decoupling capaCitors 

Meter decoupling capacitor 

AC coupling for IF output 

Regulator decoupling capacitor, affects SIN floor 
Level mute/stop time constant 
AFT decQupling, affects stop time 

Disables noise mute/stop 

AC coupling for noise mute/stop threshold adjust 

Supply decoupling 

AGC output decoupling capacitor 

Wide band AGC threshold adjust 

Gain set and bias for IF; R2 + R3 = 3300 to terminate ceramic filter 

Sets full-scale on meter 
Deviation mute/stop window adjustment 

Mute/stop filter, affects stop time 
Level mute/stop threshold adjustment 

Level mute/stop t~reshold adjustment 

Noise mute/stop threshold adjustment, decrease resistor for lower 
SIN at threshold 

Load for open-collector stop output 

AGC output load resistor for open-collector output 
Sets a of quadrature coil affecting THO, SIN and recovered audio 

18 "H Sets signal swing across quadrature coil O au> 70 @ 10.7 MHz, L to 10.7 MHz quadrature coil; auL> 70 
, 14T resonate w/82 pF @ 10.7 MHz 

82,f TaKa KAC-K2318 or equivalent 

MuRata SFE10_7ML or equivalent 10.7 MHz ceramic resonators provide selectivity; good group delay 
characteristics important for low THO of system 
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Typical Application 

LAYOUT CONSIDERATIONS 

Although the pinout of the LM1865/LM1965 has been 
chosen to minimize layout problems, some care is re
quired to insure stability. The ground terminal on CF1 
should return to both the input signal ground and the 

buffer ground, pin 19; The ground terminal on CF2 should 
return to the ground side of C4. The quadrature coil T1 and 
Inductor L 1 should be separated from the input circuitry as 
far as possible. 

PC Layout (Component Side) 

PERFORMANCE CHARACTERISTICS OF TYPICAL 
APPLICATION WITH TUNER 

The following data was taken using the typical application 
circuit in conjunction with an FM tuner with 43 dB of gain, 
a 5.5 dB noise figure, and 30 dB of AGC range. The tuner 

.1..ClJ .. 
T .. 

was driven from a 500 source. 75 flS of de·emphasis was 
used on the audio output, pin 15. The 0 dB reference is for 
± 75 kHz deviation at 400 Hz modulation. 

Meter Output and 
Signal·ta-Noise 
vs Tuner Input 

Total Harmonic Distortion vs 
Tuner Input 

AM Rejection vs Tuner 
Input 

Ii} 10 
/ iii 0 

AUOIO(dBJ 
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~} b3;' -10 I METER 'iI g-20 ''IOLTS) I-- -

H:;:Ii -30 3V 
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~~ -50 2V ....... ./ ~AROW BAND 

~~ -60 /1"- / 
~THR~HOLO 

:::J:::J -70 1V NDlSEltlB) ;ct 
-80 L /' WIDE BAND 

z ./ / AGe THRESHOLD 
Ii: -90 

0.1 1 10 100 lk 10k lOOk 1000k 
TUNER INPUT (pV) 

- 3 dB limiting = 0.9 .V 
30 dB quieting = 1.4 .V 

Level stop/mute threshold = 1.4 ,V 

Deviation mute window(-3 dB)= ±45 kHz 
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Application Notes 

ADJUSTABLE MUTE/STOP THRESHOLD 

The threshold adjustments for the mute and stop func· 
tions are controlle(j by the same pins.: 'thus, the term 
mute/stop will be used to designate either function. 

The adjustable mute/stop threshold In the LM1865/LM1965 
allows for user programming of the signal level at which 
muting or stop Indication takes place. The adjustment can 
be made in two mutually exclusive ways. The first,way Is to 
take a voltage divider from the meter output (pin 8) to the 
off channel mute input (pin 13). When the voltage at pin 13 
falls below 0.22V, an internal comparator is tripped caus· 
Ing muting or causing the stop output to go low. Adjust. 
ment of the voltage divider ratio changes the signal level 
at which this happens. 

The second method of mute/stop detection as a function 
of signal level is to use the presence of ultrasonic noise in 
the recovered audio to trip the Internal comparator. As the 
signal level at the antenna of the radio drops, the amount 
of noise in the recovered audio, both audible and ultra· 
sonic, increases. 

The recovered audio is internally coupled through a high 
pass filter to pin 13 which is internally biased above the 
comparator trip pOint. Large negative-going noise spikes 
will drive pin 13 below the comparator trip point and cause 
mute/stop action. A simplified circuit Is shown in Figure 4. 

Since the input to the comparator is noise, the output of 
the comparator is noise. Consequently, a mute/stop filter 
on pin 12 is required to convert output noise spikes to an 
average DC value. This filter is not necessary if pin 13 is 
driven from the meter. 

Adjustment of the mute/stop threshold in the noise mode 
Is accomplished by adjusting the pole of the high pass 
filter coupled to the comparator input. This is done with a 
series capacltor/reslstor combination, R9 C11, from pin 13 
to ground. As the pole is moved higher In frequency (i.e., R9 

gets smaller) more ultrasonic noise is required in the re
covered audio in order to initiate mute/stop action. This 
corresponds to a weaker Signal at the antenna of the 
radio. In choosing the correct value for R9 it Is important to 
make sure that recovered audio below 75 kHz is not suffi
cient to cause mute/stop action. This is because stereo 
and SCA information are contained In the audio Signal up 
to 75 kHz. Also note that the ultrasonic mute/stop circuit 
will not operate properly unless a tuner Is connected to the 
IF. This is because, at low signal levels, the noise at the 
tuner output dominates any noise sources in the IC. Con
sequently, driving the IC directly with a 500 generator is 
much less noisy than driving the IC with a tuner and there
fore not realistic. The RC filter on pin 12 not only filters out 
noise from the comparator output but controls the "feel" 
when manually tuning. For example, a very long time con· 
stant will cause the mute to remain active If you rapidly 
tune through valid strong stations and will only release the 
mute if you slowly tune to a valid station. Conversely, a 
short time constant will allow the mute to kick In and out 
as one tunes rapidly through valid stations. 

The advantage in using the noise mute/stop approach ver- . 
sus the meter driven approach is that the point at which 
mute/stop action occurs is directly related to the signal
to-noise ratio in the recovered audio. Furthermore, the 
mute/stop threshold is not subject to production varia
tions in the meter output voltage at low slgnallevel~, and 
thus might be able to be set without a production adjust· 
ment of the radio. However, the nOise mute/stop approach 
can not be used if it. Is desired to set the mute/stop 
threshold for strong signal levels. This is because for 
strong signal levels the SIN level is too large to allow for 
the activation of the noise mute/stop circuit without mov
ing the pole of the high pass filter so low that the noise 
mute/stop circuit becomes sensitive to recovered audio 
below 75 kHz. Thus, for setting the mute/stop threshold 
for strong signal levels, the meter driven approach Is best. 

r-------------------, , f. INTERNAL CIRCUITS , 

I I 
I 27 pF I 

: '" RECOVERED : 
I AUDIO 50k I 

" + 'HIGH FOR MUTE OR , 
I T O.35V STOP OUTPUT lOW , 

I m I 
I I L ____________ _____ ~ 

13 12 

FIGURE 4. Simplified Level Mute/Stop Circuit 
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Application Notes (Continued) 

DEVIATION MUTE/STOP 

As with the LM3189, the resistor connected between V'REG 
(pin 9) and the AFT (pin 14) sets the deviation mute/stop 
window (see Typical Performance Characteristics). The 
LM1965 was designed with a soft deviation mute. This 
means that the audio is gradually muted as you off tune 
from center frequency. Gradually muting avoids the prob
lem of an audio pop which would otherwise occur due to 
the unavoidable OC voltage shift at the audio output that 
accompanies the muting action. Capacitor C9 on the AFT 
pin sets the time constant for the deviation mute/stop in
dependent of the level mute/stop time constant. C9 
should be large enough to remove the audio from the AFT. 
The AFT pulls high at low signal levels if the IF is driven 
directly from a 5011 generator and not a tuner. This is a 
result of a loss of signal across the quad coil and a result
ing phase shift in the quadrature detector. This phase shift 
offsets the AFT. With a tuner and sufficient IF gain, at low 
signal levels there will be enough noise across the quad 
__ .... ____ .. __ .. _ .. _ .... _1."'-=_ Ar"'T_L..:l" ,. ...... ___ ~ __ L., ...... I ........... _ 

'""VII LUtJIOYt;;IILIIIUuIIVI UII.:»,-U I ..;JIIIIL. IIIU.;1, .... U.I ... ~., ............. .., .... 

taken when adjusting the IF gain (which is done by adjust
ing the ratio of A3 to A2) to minimize the AFT shift. Ground
ing pin 16 on the·LM1965 will disable the mute function. 

STOP TIME 

An electronically tuned radio (ETA) pauses at fixed inter
vals across the FM band and awaits the stop indication 
from the LM1865.lf, within a predetermined period of time, 
no stop indication is forthcoming, the controller circuit 
concludes that there is no valid station at that frequency 
and will tune to the next interval. There are several time 
constants that can affect the amount of time it takes the 
LM1865 to output a valid stop indication on pin 16. In this 
section each time constant will be discussed. 

Deviation Stop Time Constant 

An offset voltage is generated by the AFT if the LM1865 is 
tuned to either side of a station. Since deviation stop de
tection in the LM1865 is detected by the voltage at pin 14, it 
is important that this voltage move fast enough to make 
the deviation stop decision within the time allowed by the 
controller. The speed at which the voltage at pin 14 moves 
is governed by the AC time constant, A5 C9. This time con
stant must be chosen long enough to remove recovered 
audio from pin 14 and short enough to allow for reasonable 
stop detection time. 

Signal Level Stop Using Ultrasonic Noise Detection 

As previously mentioned, the A6 C8 time constant on pin 12 
is necessary to filter the noise spikes on the output of the 
internal comparator in the LM1865/LM1965. This time con
stant also determines the level stop time. When the volt
age at pin 12 is above a threshold voltage of about 0.6V, the 
stop output is low. The maximum voltage at pin 12 is about 
0.8V. The level stop time is dominated by the amount of 
time it takes the voltage at pin 12 to fall from 0.8V to 0.6V. 
The voltage at pin 12 follows an exponential decay with AC 
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time constant given by A6 C8. For example if A6 = 25k and 
C8 = 2.21'F the stop time is given by 

t= -(24k)·(2.2I'F)£n (~) 
which yields t = 15 ms. It should be noted that the 0.6V 
threshold at pin 12 has a high temperature dependence 
and can move as much as 100 mV in either direction. 

Signal Level Stop Using the Meter Output, Pin 8 

As mentioned previously, A6 C8 is n9t necessary when the 
meter output is used to drive pin 13. Consequently, this 
time constant is not a factor in determining the stop time. 
However, the speed at which the meter voltage can move 
may become important in this regard. This speed is a func
tion of the resistive load on pin 8 and filter capacitance, C5. 

AGC Time Constant 

In tunina from a strona station to a weaker station above 
the level stop threshold, the AGC voltage will move in 
order to try to maintain a constant tuner output. The AGC 
voltage must move sufficiently fast so that the tuner is 
gain increased to the point that the level stop indicates a 
valid station. This time constant is controlled by A11 
and C13. . 

DISTORTION COMPENSATION CIRCUIT 

The quadrature detector of the LM1865/LM1965 has been 
designed with a special circuit that compensates for dis
tortion generated by the non-linear phase characteristic of 
the quadrature coil. This circuit not only has the effect of 
reducing distortion, but also desensitizes the distortion as 
a function of tuning characteristic. As a result, low distor
tion is achieved with a single tuned quad coil without the 
need for a double tuned coil which is costly and difficult to 
adjust on a production basis. The lower distortion has 
been achieved without any degradation of the noise floor 
of the audio output. Furthermore, the compensation cir
cuit first-order cancels the effect of quadrature coil Q on 
distortion. 

When measuring the total harmonic distortion (THO) of 
the LM1865/LM1965, it is imperative that a low distortion 
AF generator be used. In the past it has been possible to 
cancel out distortion in the generator by adjustment of the 
quadrature coil. This is' because centering the quadrature 
coil at other than the point of inflection on the S-curve in
troduces 2nd harmonic distortion which can cancel 2nd 
harmonic distortion in the generator. Thus low THO 
numbers may have been oblained wrongly. Large AFT off
sets, asymmetrical off tuning characteristic, and less 
than minimum THO will be observed if alignment of the 
quadrature coil is done with a high distortion AF 
generator. 

Care must also betaken in choosing ceramic filters forthe 
LM1865/LM1965. It is important to use filters with good 
group delay characteristics and wide enough bandwidth 
to pass enough FM sidebands to achieve low distortion. 
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Application Notes (Continued) 

The LM1865/LM1965 has been carefully designed to insure 
low AFT offset current at the point of minimum THO. AFT 
offset currrent will cause a non-symmetric deviation 
mute/stop window about the point of minimum THO. No 
external AFT offset adjustment should be necessary with 
the LM1865/LM1965. 

DUAL THRESHOLD AGC 
(AUTOMATIC LOCAL/DISTANCE SWITCH) 

There is a well recognized need in the field for gain reduc
Ing (AGCing) the front end (tuner) of an FM receiver. This 
gain reduction is important in preventing overload of the 
front end which might occur for large signal inputs_ Over
loading the front end with two out-of-band signals, one 
channel spacing apart and one channel spacing from 
center frequency, or, two channel spacings apart and two 
channel spacings from center frequency, will produce a 
third order Intermodulation product (IM3l which falls in
band_ This 1M3 product can completely block out a weaker 
desired station_ The AGC in the LM18651LM1965 has been 
specially designed to deal with the problem of 1M3. 

With the LM1865/LM1965 system, a low AGe threshold is 
achieved whenever there are strong out-of-band signals 
that might generate an inierferlng 1M3 product, and a high 

ANTENNA 

AGC threshold is achieved if there are no strong out-of
band signals. The high AGC threshold allows the receiver 
to obtai n Its best slgnal-to-nolse performance when there 
is no possibility of an 1M3 product. The low AGC threshold 
allows for weaker desired stations to be received without 
gain-reducing the tuner. It should be noted that when the 
AGC threshold is set low, there will be a signal-to-nolse 
compromise, but is assumed that it is more desirable to 
listen to a slightly noisy station than to listen to an 
undesired 1M3 product. The simplified circuit diagram 
(Figure 5) of the AGC system shows how the dual AGC 
thresholds are achieved. 

Vm = 1V corresponds toa fixed in-band signal level (defined 
as VNel at the tuner output. VNB will be referred to as the 
"narrow band threshold". VwBalso corresponds to a fixed 
tuner output which can either be an in-band or out-of-band 
signal. This fixed tuner output will be called the "wide 
band threshold". Always VWB>VNB. R11 and C13 define 
the AGC time constant. A reverse AGC system Is shown. 
This means that V AGC decreases to gain-reduce the tuner. 
The LM1865/LM1965 AGC output is an open-collector cur
rent source capable of sinking at least 1 mAo The AGC 
voltage can move over the full range of the V + supply. 

L:jCERAMIC FllTERS~ 

~...:---'--'~~~ 
y. 

R11 

PIN 18 

PIN 20 

1-----..... PIN 8 METER OUTPUT 
(Vm) 

11 = Gm1 Vm only If Vm> 1V 
otherwise 11 =0 

Gm11 VWB = constants 

IAGC=Gm2 Vo where Gm2= 11/26 mV and 
Vo>VWBolherwlse IAGC=O 

FIGURE 5_ Dual Threshold AGC 
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Applications Information (Continued) 

First examine what happens with a single in-band signal 
as we vary the strength of this signal. Figures 6 and 7 il
lustrate what happens at the tuner and AGC outputs. 

TUNER OUTPUT 

SLOPE IS INVERSELY PROPORTIONAL 
TO LOOP GAIN OF WIDE BAND AGC CIRCUIT 

~----+--:----------VANT 

I 
I 
I 

REVERSE AGC OUTPUT I 

v+l~ --~ 

FIGURE 6 

O~I ! -~~. VANT 
VWB 

FIGURE 7 

TUNER OUTPUT 

------, .... .... 

In Figure 7 there is no AGC output until the tuner output 
equals the wide band threshold. At this point the AGC 
holds the tuner output in Figure 6 relatively constant. 

Another simple case to examine is that of the single out
of-band signal. Here there is no AGC output even if the 
signal exceeds Vws. There is no output because the 
ceramic filters prevent the out-of-band signal from getting 
to the input of the IF. With no signal at the IF input there is 
no meter output and thus 11 = 0, which means IAGC = o. 
Figures 8 and 9 illustrate what happens at the tuner and 
AGC outputs when the strength of an in-band signal is 
varied in the presence of a strong out-of-band signal (I.e., 
greater than VWB) which is held constant at the tuner 
input. For this example, the in-band signal at the tuner out
put will be referred to as VD (desired signal), and the out-of
band signal as VUD (undesired signal). 

In Figure 9, we see that there is no AGC output until the 
tuner output exceeds the narrow band threshold, VNB• At 
this point Vm> 1V and current 11>0. Further Increase of 
the desired signal at the tuner input results in an AGC cur-
___ & J.L. _& .1._= __ .1._ &,,_1..1 .......... ..1 __ =_ ... ..1 ... : __ .... 1 .................... , ............... , .+ ..... .. 
ICI.I. LaIQ .. U 10,", LV IIUIU LII...- 1ooI000J11":' .... "'I~IIU.I Yo .. Lllv , ................. , ....... .. 

constant. This gain reduction of the tuner forces the unde· 
sired signal at the tuner output to fall. At the point that VUD 
reaches the wide band threshold, no further gain reo 
duction can occur as Vo. would fall below VWB (refer to 
Figure 5). At this pOint, control of the AGe shifts from the 
meter output (narrow band loop) to the out·of-band signal 
(wide band loop). Here VUD is held constant along with the 

" Vo REACHES VWB=k2 
.... j 

Vwo 

DESIRED SIGNAL 
REACHES 'lNo 

I 

'------. .*-,:----- IN·BAND SIGNAL 

r" I Vuu DROPS 
: TO LEVEL 
,0FVwo 

" (Vo) 

" 
" 

" 
" "" OUT-OF BAND SIGNAL 

(Vuu) 

~--~---4_--~~------- VQ 
: VNB I VWB (TUNER INPUT) 

I 

REVERSE AGC OUTPUT 

V+t----.... 

FIGURE 8 
I 
I , 

L--------~------~----~~_V6 
(TUNER INPUT) 

Prime indicates referenced to tuner input 
FIGURE 9 
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Applications Information (Continued) 

AGC voltage, while Vo Is allowed to increase. Vo will in· 
crease until It reaches the level ofthewide band threshold 
at the tuner output. When this occurs Vuo Is no longer 
needed to keep Vo> VWB as Vo takes overt he job. Thus Vuo 
will drop as the amount of AGC Increases, while Va is held 
constant by the AGC. 

When compared to the simple case of a single In·band 
signal, we .see that because of the presence of a strong 
out·of·band signal, AGC action has occurred earlier. For 
the simple case, AGC started when Vo2: VWB' For the two 
signal case above, AGC started when Va2: VNB. Thus, the 
LM1865/LM1965 achieves an early AGC when there are 
strong adjacent channels that might cause 1M3, and a later 
AGC when these signals aren't present. 

For the range of signal levels that the tuner was gain· 
reduced and VO<VWB there was loss in slgnal·to·nolse In 
the recovered audio as compared to the case where there 
was no gain reduction in this interval. Note, however; that 
the tuner is not desensitized by the AGe to weak desired 
stations below the narrow band threshold. 

NARROW BAND AGC THRESHOLD ADJUSTMENT 

Both the narrow band and wide band AGC thresholds are 
user adjustable. This allows the user to optimize the AGC 
response to a given tuner. Referring to Figure 5, when the 
meter output exceeds 1V a comparator within the Gm, 
block allows current I, to flow. A simplified circuit diagram 
of this comparator is shown in Figure 10. 

The 760n resistor in series with pin 8 allows for an upward 
adjustment of the narrow band threshold. This is accom· 
pllshed by externally loading pin 8 with a resistor. Figure 11 
illustrates how this adjustment takes place. 

From Figure 111t is apparent that loading the meter output 
not only moves the narrow band threshold, but also de· 
creases the meter output for a given input. 

In general one chooses the narrow band threshold based 
on what signal·to·noise compromise Is considered 
acceptable . 

. 1111.-..1\1..,..,-+----0 ~~~R OUTPUT 

HIGH-Il, CAN CONDUCT 
LOW-ll~D 

FIGURE 10. Narrow Band Threshold Circuit 

4 ---------------------- METERLDAD~33k , , 

'--....... ::......-J=::..::~------'-.vo TUNER 

FIGURE 11. Affect of Meter Load on Narrow Band Threshold 
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Applications Information,(Continued) 

WIDE BAND AGe THRESHOLD ADJUSTMENT 

There are a number of criteria that determine where the 
wide band threshold should be set. If the threshold is set 
too high, protection against 1M3 will be lost. If the 
threshold is set too low, the front end, under certain input 
conditions, may be needlessly gain-reduced, sacrificing 
signal-to-noise performance. Ideally, the wide band 
threshold should be set to a level that will insure AGC 
operation whenever there are out-of-band signals strong 
enough to generate an 1M3 product of sufficient 
magnitude to exceed the narrow band threshold. Ideally, 
this level should be high enough to allow for a single in
band desired station to AGC the tuner, only after the maxi
mum signal-to-noise has been achieved. 

In order to insure that the wide band loop is activated 
whenever the 1M3 exceeds the narrow band threshold, VNB, 
determine the minimum signal levels for two out-of-band 
signals necessary to produce an 1M3 equal to VNB. Then, 
::.:'":-::~g~ fer !he ' .. :!de ~~~d !0Cp ~c be ::!~~h.'et~d '.I'.'he!"'!e"er 

the tuner output exceeds the rms sum of these signals. 
There are many combinations of two out-of-band signals 
that will produce an 1M3 of a given level. However, there is 
only one combination whose rms sum is a minimum at the 
tuner output. 1M3 at the tuner output is given"according to 
the equation: 

1M3 = aVuDf VUD2 (assuming no gain reduction) (1) 

where a = constant dependent on the tuner; 
VUD1 = out-of-band Signal 400 kHz from center fre

quency, applied to tuner input; 
VUD2 = out-of-band signal 800 kHz from center fre

quency and 400 kHz away from VUDlo applied to 
tuner input. " 

TUNER GAIN 

A 

In general, due to tuned circuits within the tuner, the 
tuner gain is not constant with frequency. Thus, If the 
tuner is kept fixed at one frequency while the input fre
quency Is changed, the output level will not remain con
stant. Figure 12 illustrates this. 

It can be shown that for a given 1M3, the combination of 
VUDl and VUD2 that produces the smallest rms sum at the 
tuner output is given by the equations: 

(
A2 IM3\ 1/3 

VUDl = 1.12 Ai a J 

( A12IM3)1/3 
VUD2=0.794 j;i2 a 

(2) 

(3) 

Therefore, in orde"rto guarantee that theAGC will be keyed 
for an 1M3 = VNB we need only satisfy the condition: 

The right hand term of equation (4) defines an upper limit 
for VWB called VWBUL. VWBUL is the rms sum of all the 
signals at the tuner output for two out-of-band signals, 
VUDl and VUD2 [as expressed in equations (2) and (3)], ap
plied to the tuner input. 

I 
I 
I 

A2 
___ ..1 __ _ 

I I 
: I 
I I 

--------------'----I----'--------TUNER INPUT FREQUENCY 

Define A = tuner gain at center frequency 

Al = luner gain atfo+400 kHz 

A2=lunergain alfo+BOO kHz 

fo fo+ fo+ 
400 kHz 800 kHz 

FIGURE 12 
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In order to make the calculation in equation (4), the con
stants a, A1, A2 must first be determined. This is done by 
the following procedure: 

1. Connect together two RF generators and apply them to 
the tuner input. Since the generators will terminate 
each other, remove the 500 termination at the tuner 
input. 

2. Connect a spectrum analyzer to the tuner output. Most 
spectrum analyzers have 500 input impedances. To 
make sure that this impedance does not load the tuner 
output use a FET probe connected to the spectrum 
analyzer. The tuner output should be terminated with a 
ceramic filter. 

3. Disconnect the AGC line to the tuner. Make sure that 
the tuner is not gain-reduced. 

4. Adjust the two RF generators for about 1 mV input and 
to frequencies 400 kHz and 800 kHz away from center 
frequency (Figure 13). 

5. Note the three output levels hvolts. 

6. Knowing the tuner input le~els for VUD1 and VUD2 .and 
the resulting 1M3 just measured, "a" is calculated 
from the formula: 

a = __ IM--=-3_ 

VUD12VUD2 

(5) 

where all levels are in volts rms. A typical value for "a" 
might be 2 x 106. 

7. A1 and A2 are calculated according to the following 
formulas: . 

A1 = V1 
VINI 

10+400 kHz 

(6) 

A2= V2 
VIN I 

10+800 kHz 

(7) 

r 
fo fo + 400 kHz fo +800 kHz 

fo~10.7 MHz 

FIGURE 13_ Spectrum Analyzer Display of Tuner Output 
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If the wide band threshold was set to VWBUL, then when a 
single in-band station reached the level VWBUL at the tuner 
output, AGC action would start to take place. F:or this 
reason it is hoped that VWBUL is above the level that will 
allow for maximum signal-to-noise. If, however, this is not 
the case, consideration might be given to improving the in
termodulation performance of the tuner. 

The lower limit for VWB is the minimum tuner output that 
achieves the best possible signal-to-noise ratio in the re
covered audio. In general, it is desirable to set VWB closer 
to the upper limit ratherthan the lower limit. This is done to 
prevent AGC action within the narrow band loop except 
when there is a possibility of an 1M3 greater than VNB. 

The wide band threshold at the pin 20 input to the LM18651 
LM1965 is fixed at ~ mVrms. Generally speaking, if pin 20 
were driven directly from the tuner output, VWB would be 
too low. Therefore, in general, pin 20 is not connected 
directly to the tuner output. Instead the tuner output is at
tenuated and then applied to pin 20. Increasing attenua
tion increases the wide band threshold, VWB. 

Pin 20 has an input impedance at 10.7 MHz that can be' 
modeled as a 5000 resistor in series with a 19 pF capacitor, 
giving a totai. impedance of 9400 /- 58°. Thus an easy 
way to attenuate the inputto pin 20 is with the arrange-
ment shown in Figure 14. . 

Notice that pin 20 must be AC coupled to the tuner output 
and that C1 is a bypass capaCitor. R1 adjusts the amount 
of attenuation to pin 20. The wide band threshold will 
roughly increase by a factor of (R1 + 9400)/9400. 

AGC CIRCUIT USED AS A CONVENTIONAL AGC 

If for some reason the dual AGC thresholds are not 
desired, it is easy to use the LM1865/LM1965 as a more 
conventional LM3189 type of AGC. This is accomplished 
by AC coupling the pin 20 input after the ceramic filters 
rather than before the filters. Thus, as with the LM3189, 
only in-band signals will be able to activate the AGC. 

TUNER 

330!l OUTPUT' 
IMPEDANCE 

/ . CERAMIC FILTER -h -.:Lo ~ 

~ E:. 
FIGURE 14. Wide Band Threshold Adjustment 
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~National 
~ Semiconductor 

Audio/Radio Circuits 
PRELIMINARY 

LM1866 ~ow Voltage AM/FM Receiver 
General Description 
The LM1866 has been designed for high quality battery 
powered medium wave AM and FM receiver applica
tions requiring operation down to 3V. Jhe AM section con
tains a fully balanced, wide dynamic range, gain con· 
trolled mixer stage buffered from a single pin local 
oscillator. A two pin compound IF amplifier and internal 
detector provide a low distortion high level'audio output. 
An AM/FM signal strength meter voltage is provided to a 
single output pin. The FM section contains'a six stage 
limiting IF amplifier, quadrature detector, AFC output, 
deviation audio muting and noise operated audio muting. 
While designed forthe high ripple, high battery impedance 
conditions found at the end of life for four "C" or "0" cells, 
the LM1866 will operate equally well at supply voltages up 
to 15V. 

Block Diagram and Test Circuit 

2D 

~D 

fm 
~V 

10.7 MHz 

~D,m 

Call Data: 

T2, Taka 159GC-A3785 
CF1, Taka CFU·90D 

Features 
• Operation from 3V to 15V 
• Excellent power supply ripple rejection 
• Fully balanced, wide dynamic range, AM mixer stage 
.• Internal AM detector for minimum tweet interference 
• Sin'gle pole OC AM/FM mode switching 
• Six' stage FM IF limiting amplifier for excellent AM 

rejection 

• "Soft" FM deviation and noise operated audio muting 
• FM quadrature detector 
• Single pin AM/FM meter output 
• Single pin matched level AM/FM audio output 

T1, Taka KAC K2318HM 
T4 = T5, Taka RB06A5105 

'" 
10 "" 
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Absolute Maximum Ratings 
Supply Voltage (Pin 14) 15V 
Package Dissipation (Note 1) 1.7W 
Storage Temperature Range - 55·C to + 150·C 
Operating Temperature Range O·Cto + 70·C 
Lead Temperature(Soldering, 10 seconds) 300·C 

Electrical Characteristics (Test Circuit, TA = 25·C) 

Parameter Conditions Min Typ Max Units 

STATIC DC CHARACTERISTICS: elN = 0, RMUTE = 00, Vcc = 6V 

Operating Supply Range, V14 3 6 15 V 

Supply Current, 114 AM Mode 15 mA 

Supply Current, 114 FM Mode 17 mA 

Regulator Output Voltage, V11 2.9 V 

Meter Output VOltage, Vltl AM Mooe :; ~~ " v.<. 

Meter Output Voltage, V1B FM Mode 0 0.2 V . 
AFC Output Voltage, V17 FM Mode 2.9 V 

AM/FM Audio Output Resistance, Ro 15 3 kO 

AM DYNAMIC CHARACTERISTICS: lAM = 1 MHz, IMOD = 1 kHz, m = 0.3, Vcc = 6V 

Maximum Sensitivity eAM for eo = 6 mV 9 p.V 

20 dB Quieting Sensitivity eAM for eo = 20 dB SIN 25 p.V 

Signal to Noise Ratio eAM=10 mV 40 50 dB 

Total Harmonic Distortion eAM=10 mV 0.3 1 % 

Total Harmonic Distortion eAM = 10 mY, m =O.B 1 2 % 

Audio Output Level eAM=10mV BO 120 160 mV 

Overload Distortion eAM=50 mY, m=O.B 2 10 % 

Meter Output Voltage eAM=1 mV 1.2 V 

Meter Output Voltage eAM=50 mV 2.5 V 

FM DYNAMIC CHARACTERISTICS: IFM = 10.7 MHz, IMOD = 400 Hz, ~I = :!: 75 kHz, Vcc = 6V 

- 3 dB Limiting Sensitivity eFM for - 3 dB Limiting Sensitivity 12 25 p.V 

Signal to Noise Ratio eFM=10 mV 60 76 dB 

AM Rejection eFM = 10 mY, 30% .AM Mod 40 55 dB 

Total Harmonic Distortion eFM=10 mV 0.5 1 % 

Audio Output Level eFM = 10 mY, 30% FM Mod BO 120 160 mV 

Meter Output Level eFM=1 mV O.B V 

Meter Output Level eFM=50 mV 1.B V 

± Deviation Mute (Notes 2, 4) eFM=10 mY, RAFC= 10k 40 kHz 

RMUTE for Noise Mute (Notes 3, 4) Set eFM for - 3 dB limiting Sensitivity 2 5 10 kll 

Max Audio Mute Attenuation 60 75 dB 

Notel: Above TA; 25'C, derate based on TJ(max); 150'C and 8JA; 7S·C/W. 

Note 2: RMUTE; 2 kO, eFM; 10 mY. adlust center frequency for VAFC; VREG, record fFM. adlust ± fFM for> 50 dB audio mute attenuation. 
Note 3: Adlust RMUTE from 2k to 10k for> 50 dB audio mute attenuation. Set eFM ; 10 mV and check for mute off. 
Note 4: When RMUTE; 00, the deviation and noise operated mute functions are disabled, When RMUTE; 2 kO, only the noise mute function is disabled. The 
deviation mute bandwidth Is set by the RAFC resistor. The noise mute threshold Is set by the RMUTE resistor. Test circuit noise bandwidth characteristics pre· 
vent noise mute operation for IF Input levels below the - 3 dB limiting threshold. When the FM IF Is used with a tuner full noise mute capability is accessible 
(See Applications Information). 
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Typical Performance Characteristics (Test Circuit) 

AM Characteristics 
Vcc=6V 

FM IF Characteristics 
Vcc=6V 

FM IF Characteristics 
Vcc=6V 
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-
,.=10.7 MHz, IMOO=400 Hz 
<l.f'= ±22.5 kHz, "N=10 mV 

o 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 

Applications Information 
(See Typical Applications and LM1866 Schematic 
Diagram) 

VOLTAGE REGULATOR SECTION 

Because of the wide supply voltage range and high ripple 
conditions expected In battery or low cost transformer 
supplies, the LM1866 uses a band gap referenced active 
voltage regulator which is externally compensated at 
pin 19. This capacitor, when made large enough, improves 
the supply rejection and decreases the noise bandwidth 'to' 
a level well below the AM reception frequencies. A 0.11'F 
capacitor will co.mpensate the regulator for low noise 
operation while 50 I'F (max) will improve supply rejection 
and the maximum FM audio mute attenuation character· 
istics. During power turn ,on, the pin 19 capacitor is quick· 
charged to Its normal operating voltage so that the AM or 
FM sections are In operation before the audio amplifier 
turn on delay has timed out. See LM1895/LM2895 and 
LM1896/LM2896 data sheets for additional audio amplifier 
information. 

AM SECTION 

The AM section contains a fully balanced mixer stage with 
the RF input applied to a differential, diode degenerated, 
transistor pair at pins 5 and 6. DC feedback is provided by 
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SUPPLY VOLTAGE (V) 

the loopstick secondary winding. The mixer output 1S\IF 
transformer at pin 7 should be returned to Vce at pin 14 to 
allow maximum undistorted output swing when tuning be· 
tween stations. RF and AGC decoupllng at pin 6 removes 
noise and lowers audio distortion. 

The mixer upper pairs are switched differentially by a buf· 
fer amplifier from the pin 8 local oscillator. DC feedback is 
provided by the oscillator coil secondary winding to the 
pin 11 regulator voltage. 

The oscillator frequency is given by: 

fo= 0.159 I 

"fCC 
and the peak swing Is given by: Vp = IZ (I = 700 I'A, Z = tank 
impedance at resonance). Vp should be between 0.3V and 
0.5V to maintain an undistorted output at low supplies. 

The two stage AM IF amplifier at pins 12 and 13 requires 
output to input DC feedback and external decoupling. The 
IF gain is given by: 

ZL 
AV =12 



Applications Information (Continued) 

where ZL equals resonant unloaded tank impedance in 
parallel with REXT' In most applications ZL = 10k and 

ZL 
Q L =Xc=5 

where REXT=an external IF gain setting resistor and 
Xc = impedance of tank tuning capacitor. A rule of thumb 
for setting the IF gain would be to adjust REXT for 20 dB 
audio SIN when the audio has dropped 10 dB below the 
level found at the AGC threshold. (Because of the low QL, a 
non-tuned coil is acceptable.) . 

The output of the IF amplifier drives an internal detec· 
tor which Is operating at low currents. This results in very 
low 2nd and 3,d IF harmonic radiation for minimal tweet 
interference. 

FMSECTION 

The FM section contains a six stage limiting amplifier, 
quadrature detector, AFC output. deviation mute detector 
and a high frequency noise mute detector. (See Figure 1 for 
the Simplified Mute Circuit Schematic.) The output of the 
quadrature detector is split into three current source 
pairs. The ± audio current and internal load resistor RB4 

provide the audio output voltage via'Q56 to pin 15. The 
± AFC current, external load resistor (RAFcl and the 10 p.F 
capacitor provide an audio decoupled AFC voltage to 
pin 17. The ± noise current and internal load resistor R114 
provide a wide band detector output that is limited in fre
quency by CSTRAY' With the addition of internal C4 and 
R120 a band pass filter (fo=1 MHz) is realized at the input 
of the peak to peak detector. The output current, flowing in 
resistor RMUTE and filtered by a capacitor, provides a mute 
voltage at pin 16. When the mute voltage rises to approx· 
imately one VeE, transistor Q139 will start to shunt the ± 
audio current away from RB4, muting the audio output. 
The value of the RMUTE resistor will determine the 
minimum audio signal to noise ratio at which one wishes 
to mute. The deviation mute detector will output a current 
only when the AFC voltage Is offset above or below the 
VREG voltage. Load resistor R121 and transistor Q154 will 
convert this current to a mute voltage at pin 16. This is 
done to prevent interaction between the two detector out
put currents. The external RAFC resistor is used to set the 
deviation mute Oamlwlotn so tnat tne pm 10 mUle voilage 
is one VeE at the desired frequency band edge. When dis
abling the mute functions, pin 16 is shorted to ground, 
preventing Q139 from becoming active. 

PIN 15 
.... .I\II.,..,..~:))AUDIO 

2.9V 
VnEG 

.PIN 11 

+1 
NOISE 

~CSTRAY 

OUT 

PEAK TO PEAK 
DETECTOR 

DC 

PEAK TO PEAK 
DETECTOR 

1 MHz 

* External component 

FIGURE 1. Simplified Mute Circuit Schematic 
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TABLE I. TYPICAL APPLICATION EXTERNAL COIL AND COMPONENT SELECTION GUIDE 

Component Typical Value 

C1A, B,C, D -
R1, C2,C3 3300, 0.01 I'F 

C4 11'F-10 I'F 

R5,C5 27k,11'F 

R6 120k-150k 

C6 0.11'F 

C7,C8 0.11'F, 1O I'F 

R4 (REXTl 15k 

R7, C15, C14 100, 0.11'F, 100 I'F 

R3, C10 3k,O.011'F 

RMUTE, C11 o to 10k, 10 I'F 

RAFC, C12 10k,10 I'F 

C13 1Ol'F 

T1 

r+~-3i;l 
I " I I I 
I I L ________ ...J 

CT=82 pF 
Qu= >70 
f=10.7 MHz 
Part no. KAC K2318HM 
Toko Electronics Ltd. 

T4 and T5 MW Oscillator Coil 

L= 360 I'H 
f=796 MHz 
Qu=160 

f-~---E--l I II I 

: 098T 1\ lilT : 
I II I 
I I L _____ :..J 

Tuning freq. = 985 kHz - 2105 kHz 

Purpose 

AM/FM tuning capacitor 

FM IF decoupling, filter match and DC feedback 

AM RF/AGC decoupling 

Sets AM AGC time constant 

Optional: decreases AM audio output but improves AM meter threshold 

Regulator output decoupling 

AM IF/audio decoupling 

Sets AM IF gain 

Supply decoupling 

Sets FM de-e'mphasis/AM smoothing 

AudiO post filter pole Is given by: f= 0.159, when RT= R3+ Ro15= R3+3 kO 
RTC10 ' 

Sets noise mute threshold, filter. 00 will turn off mute function. 

Sets deviation mute bandWidth, audio decoupling 

Regulator decoupling and supply rejection filter 

T2 

rf~,--~~1 
I 242T " : 

I, I l ________ J 

CT= 180 pF 
Qu=14 
f= 455 kHz 
Part no. 159GC·A3785 
Toko Electronics Ltd. 

T3 

ri~--~~(-:-! 
I "I 
I I L __________ J 

CF1 

CT=50 pF 
Qu=80 
f=10.7MHz 
Part no. NS·107C 
Apollo Electronics Corp. 

i1---,----I-t;------\3------g'------1 I II "I 
80T 14T 

II T·cT1 8 II 9T ~ lOT II CT2 I 
76T II " 13T I 

I I 
I I 
I I 
I I 
~------------------------~ 

Part no. RB06A5105 Toko Electronics Ltd. 
Toko CFU·090D or equivalent 
f = 455 kHz, BW > 4.8 kHz 

MW Antenna Coil 

L=650 I'H 
1=796 MHz 
Qu=200 

JIIE2T jll 
Tuning Ireq. =530 kHz-1650 kHz 

L7 SWG #20, N = 3 1/2T, ID = 5mm 
L5 SWG #20, N = 3 1/2T, ID = 5mm 
L6 L=0.44I'H, N =41/2T, Qu = 70 
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Dummy Antenna for FM 

FM 

~=. 

Variable Tuning Capacitor 
Type: QT·22124 Toko Electronics Ltd. 
Capacitance: AM C1A 4-142 pF, C1B 4-60 pF 

FM 2.5 pF-20 pF C1C, C1D 
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See Table I for coil and numbered component data 

See LMI895/LM2895 data sheet fer audio amp info 
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FM Performance (88 MHz-I08 MHz) 

.30 dB quieting sensitivity: 3.5 p.V 

• - 3dB limiting sensitivity: 7/lV 

AM Performance (525 kHz-1650 kllz) 

• Maximum sensitivity: 100 flV/m 

·20 dB quieting sensitivity: 2501'\'/m 

• Tweet· worst case: 5% 
100 mVlm: 1.5% 

* Tweet is an audio tone produced by the 2nd and 3rd harmonic of the IF boat
ing against the received signal. It Is measured as an equivalent modulation Ie lei: 
i.e., a 30% tweet has the same amplitude at the detector as a desired signal vlith 
30% modulation. 

FIGURE 2. Typical AM/FMRadlo Application 

r---f---~1----~ 
, @ ~J l I!·::l£ ~ _________ _ 

998~1I\I' 



(0 

i Equivalent Schematic Diagram ,... 
:E 
...J 

10-152 



~National 
~ Semiconductor 

LM1868 AM/FM Radio System 

General Description 
The combination of the LM1868 and an FM tuner will pro
vide all the necessary functions for a 0.5 watt AM/FM 
radio. Included In the LM1868 are the audio power 
amplifier, FM IF and detector, and the AM converter,lF, and 
detector. The device is suitable for both line operated and 
9V battery applications. 

Rln~k niSlnrSlm _R _______ ""' _____ _ 

51 
O.OI.F 

FM IF --.I t-~~-t 
INPUT, VREG I ..... __ ... 

Audio/Radio Circuits 

Features 
• DC selection of AM/FM mode 
• Regulated supply 
• Audio amplifier bandwidth decreased in AM mode, 

reducing amplifier noise In the AM band 

• AM converter AGC for excellent overload characteristics 
• Low current internal AM detector for low tweet radiation 

12k 

OFM t I 

~1 ~;r=~---r====*=====;-~11 
I 

I L_ 

i ~~f., 
L_...IJ!I 

li~ I 
Vs -+-_ ........ __ ~ __ .J 

Note: See table for coli data 
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Order Number LM1868N 
See NS Package N20A 



Absolute Maximum Ratings 
SupplyVoltage(Pln 19) 15V Storage Temperature Range - 55°C to ~ 150°C 
Package Dissipation 1.6W Operating Temperature Range O°Cto +70°C 

Above TA = 25°C, Derate Based on TJ(MAX) = 150°C LeadTemperature(Soldering, 10 seconds) 300°C 
and 8JA = 75°CIW 

Electrical Characteristics Test Circuit, TA = 25°C, Vs = 9V, RL = 80 unless otherwise noted 

Parameter I Conditions I Min I Typ I Max I 'Units 

STATIC CHARACTERISTICS: eAM:= 0, eFM = 0 

Supply Current AM Mode, Sl In Position 1 .22 30 mA 

Regulator Output Voltage (Pin 16) 3.5 3.9 4.5 V 

Operating Voltage Range 4.5 15 

DYNAMIC CHARACTERISTICS-AM MODE: (.\M = 1 MHz, fmod = 1 kHz, 30% Modulation, Sl in Position 1, Po= 
50 mW unless noted 

Maximum Sensitivity Measure eAM for Po = 50 mW, 8 16 p.V 
Maximum Volume 

Signal·to·Noise eAM=10 mV 40 50 dB 

Detector Output eAM=l mV 
Measure at Top of Volume Control 

40 60 85 mV 

Overload Distortion eAM = 50 mY, 80% Modulation 2 10 % 

Total Harmonic Distortion (THO) eAM= 10 mV 1.1 2 % 

DYNAMIC CHARACTERISTICS- FM MODE: fFM = 10.7 MHz, fmod == 400 Hz, af = ± 75 kHz, Po = 50 mW, Sl In Position 1 

- 3 dB limiting Sensitivity 15 45 p.V 
\ 

Signal·to-Noise Ratio eFM=10mV 50 64 dB 

Detector Output eFM = 10 mY, af = ±'22.5 kHz 40 60 85 mV 
Measure at Top of Volume Control 

AM Rejection eFM = 10 mY, 30% AM Modulation 40 50 dB 

Total Harmonic Distortion (THO) eFM=10 mV 1.1 2 .% 

DYNAMIC CHARACTERISTICS "";'AUDIO AMPLIFIER ONLY: f = 1 kHz, eAM = 0, eFM = 0, Sl in Position 2 

Power Output THD=10%, RL=80 
Vs=6V 250 325 

mW 
Vs=9V 500 700 

Bandwidth AM Mode, Po = 50 mW 11 kHz 
FM Mode, Po =50 mW 22 kHz 

Total Harmonic Distortion (THO) Po = 50 mW, FM Mode 0.2 % 

Voltage Gain 41 dB 

Typical Performance Characteristics (Test Circuit) All curves a;e measured at audio output 

Quiescent Supply Current 
vs Voltage FM Limiting Characteristics FM IF AM Rejection 

3D Sl 10 
'. Sl 10 

I j I . I S+N " S+N 

• A~M~D~ IU it 0 ~ 0 

I-:Y .115 kHz 
a: 

24 
-!"'1:J-I..- ~ -10 ---t ~ -10 

I roo FMMDDE 
c fm"'4DOHz 

~ -20 ': -20 10.0 18 
!ll / .. I : -30 -c -30 

"" 
3l -- " ;;i r--... THD+N ;;i 

12 ~-411 1.0 ~-4D 
I- r\ I-

" AMR+N '" '" e: -50 

\ 
0.32 e: -50 M- .15 kHz 6 '" i5 'm = 400 Hz = -60 N- - 0.1 = = -60 301\~MOD~LATlO' c; c; 

0 '" -10 ~ .-10 < 
4 6 B 10 12 14 16 1 10 100 lk 10k lDDk 1 10 100 1k 10k lOOk 

SUPPLY VOLTAGE (VI IF INPUT VOLTAGE ",VI IF INPUT VOLTAGE "'VI 
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Typical Performance Characteristics (Continued) (Test Circuit) All curves are measured at audio output 
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AM Characteristics 
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FM Parformance(88 MHz·l0a MHz) 

• 30 dB quieting sensitivity: 3.5 "V 
.'- 3 dB limiting sensitivity: 7 p,V 

AM Parformance(525kHz·1650 kHz) 

• Maximum sensitivity: "100 "Vim 
• 20 dB quieting sensitivity: 250 p.V/m 
• Tweet* worst case: 5% 

100 mV/m: 1.5% 

'* Tweet is an audio tone produced by the 2nd and 3rd harmonic of the IF beating against the 
received signal. It Is measured as an equivalent modulation level: i.e., a 30% tweet has the 
same amplitude at the detector as a desired signal with 30% modulation. 
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PC Board Layout 
',' . 

COMPONENT SIDE 

Typical Performance Characteristics Typical Application 
All curves are measured at audio output 

10 

~ 0 
S+N 

Ii! -10 I , 
I .. 

~ 
-20 Q 

r< iii FMMODE 
:s -30 

\ !; 

~ -40 
\ .. -50 co 

g fO=98MHZZ'~ 
-60 .t.f= ±75 kHz ~N .. 

fm=400 Hz 

1 10 100 lk 10k lOOk 

RF INPUT VOLTAGE f!<VI 

IC Extern~1 Components (Application Circuit) 

Componenl T~::~:' Comments 

Cl 100 pF Removes tuner LO from IF Input 

C2 O.1"F Antenna coupling capacilor 

C4, C5 0.01 pF FM IF decoupllng capacitors 

C6, C9 0.005 pFI AM smoothing/FM de·emphasis network, de· 
RS 1 k emphasis pole Is given by: 

Cl0 

Cll 

C12 

C13 

C14 

C15 

R7 
C16 

10pF 

0.1 pF 

10pF 

O.lpF 

50pF 

fl .. 

( R4 R6) 211'(C6+C9) R4+R6 

Regulator decoupling capacitor 

Regulator decoupling capacitor 

AC coupling to volume control 

Power supply decoupllng 

Power supply decoupllng 

0.1 pF Audio amplifier input coupling 

3k } R911 off signals from detector In the AM band 
0.001 pF to prevent radialion . 

C17 100 pF Power amplifier feedback decoupllng, sets low 
frequency supply rejection 
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5l 10 , 
S+N .. 0 

;i V e -10 Ii! V . .. -20 ~ 

L Q AM MODE 
-' .. -30 
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'" -40 
~ "-Q -50 

fm=lkHz N .. '0=1 MHz 
Q 30% MODULATION r--
'" .. 

0.1 1 10 100 lk 

RF FIELD STRENGTH (mV/m) 

Component ~:~:t Comments 

RS 16k' AM detector bias resistor 

R9 240k } Set AGC time constant 
C19 lpF 

, C7 10pF IF decoupling 

CS O.lpF IF decoupling 

C20 0.1 pF I High frequency load for audio amplifier, 
RIO 50 required to stabilize audio amplifier 

C21 250pF Output coupling capacitor 

Rl 6k2 Sets Q of quadrature coil, determining FM THO 
and recovered audio 

R2 12k IF amplifier bias R 

R3 5k6 Sets gain of AM tF and Q of AM IF output tank 

R4 10k Detector load resistor 

R6 50k Volume control 

CIS 0.02pF Power supply d~coupllng 

R",RI2 1500 Terminates the ceramic filter, biases FM IF 
Input stage 

01 lN4148 Optional. Quickens the AGe response during 
turn on 

rs: ..... 
00 
0) 
00 
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Coil and Tuning Capacitor Specifications 
Cl AM ANT 140 pF max 5.0 pF min FM 20 pF max 4.5 pF min 

AM OSC 82 pF max 5.0 pF min TOKO CY2·22124PT 
Trimmers 5 pF 

Ll 640 ~H, au = 200 AM antenna 
Rp =3k5 @ F=796 kHz 1 mVimeter induces 
(At secondary) approximately 100 ~v 

open circuit at the secondary 

LO, L2 

L4 

L5 

360 pH, a u>80 @ F = 796 kHz 

31E 
SWG #20, N = 3.1/2T, inner 
diameter = 5mm 

SWG #20, N = 3 1/2T, inner 
diameter = 5mm 

L6 L=0.44 pH, N =41/2T, au = 70 

L7 

CF2 

SWG #20, N = 2 1/2T, Inner 
diameter = 5mm 

10.7 MHz ceramic filter 
MURATA SFE 10.7 mA or 
equivalent 

Layout Considerations. 

Alii! Section 

TOKO RW0-6A5105 or 
equivalent 

Most problems in an AM radio design are.assoclated with 
radiation of undesired signals to the loopstlck. Depending 
on the source, this radiation can cause a variety of prob
lems Including tweet, poor signal-to-noise, and low fre
quency oscillation (motor boating). Although the level of 
radiation from the LM1868 Is low, the overall radio per
formance can be degraded by improper PCB layout. Listed 
below are layout considerations associated with common 
problems. . 

1. Tweet: Locate the loopstlck as far as possible frqm 
detector components CS, C9, R4, and R5. Orient CS, 
C9, R4, and R5 parallel to the axis of the loopstick. 
Return R8, CS, C9, and C19 to a separate ground run 
(see Typical Application PCB) . 

. 2. Poor Signal-to-Noise/l.ow Frequency Oscillation: 
Twist speaker leads. Orient R10 and C20 parallel tothe 
axis of the 100Pstick. Locate C11 away from the 
loopstlck. 

4)' \ 1- 1 
\ , 
\ 0 I 
~I 

LOOPSTICK / % 
I \ 

I \ 
I I \ I' / \ ~ 

I ~ I 1 
~ I 

~/ 
/ 
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Tl lOU" 
T2 II$'~" 

au> 70 @ 10.7 MHz, L to resonate 
w182 pF @ 10.7 MHz 
TOKO KAC·K2318 or equivalent 

au> 14 @ 455 kHz, L to resonate 
w/180 pF @ 455 kHz 
TOKO 159GC·A3785 or equivalent 

TOKO CFU'()90D or equivalent 
BW> 4.8 kHz @ 455 kHz 

T3 51 ~tcrrT Apollo Electronics NS·l07C JJ ~ or equivalent 

In general, radiation results from currenfflowlng I~ a 
loop. In case 1 this current loop results from decoupling 
detector harmonics at pin 17; while in case 2, the current 
loop results from decoupling noise at the output of the 
audio amplifier and the output of the regulator. The level 
of radiation picked up by the loopstlck is approximately 
proportional to: 1) 1/r3; where r is the distance from the 
center of the loopstlck to the center of the current loop; 
2) SIN 8, where 8 is the angle between the plane of the 
current loop and the axis of the loopstick; 3) I, the cur
rent floWing in the loop; and 4) A, the cross-sectional 
area of the current loop. 

Pickup Is kept low by short leads (low A), proper orienta
tion (8=OsoSIN 8=0), maximizing distance from sources 
to loopstlck, and keeping current leveJs low. 

FM Section 

The pinout of the LM18S8 has been chosen to minimize 
layout problems, however some care in layout Is required 
to insure stability. The Input source ground should return 
to C4 ground.Capacltors C13 and C18 form the return path 
for signal currents flowing in the quadrature coil. They 
should connect directly to the proper pins with short PC 
traces (see Typical Application PCB). The quadrature coil 
and input circuitry should be separated from each other as 
far as possible. 

Audio Ampliller . 

The standard layout considerations for audio amplifiers 
apply to the LM1868, that is: positive and negative inputs 
should be returned to the same ground point, and lea"s to 
the high frequency load should be kept short. In the case 
of the LM1868 this means returning the volume control 
ground (RS) to the same ground point as C17, and keeping 
the leads to C20 and R10 short. 



Equivalent Schematic 
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Circuit Description (See Equlvaient Schem-aticj 

AM Section 

The AM section consists of a mixer stage, a separate local 
oscillator, an IF gain block, an envelope detector, AGC 
circuits for controlling the IF and mixer' gains, and a 
switching circuit which disables the AM section, in the FM 
mode. 

Signals from the antenna are AC-coupled Into pin 7, the 
mixer Input. This stage consists of a common-emitter 
amplifier driving a differential amp which is switched by 
the local oscillator. With no mixer AGC, the current in the 
mixer is 330 p,A; as the AGC is applied, the mixer current 
drops, decreasing the gain, and also the input 
impedance drops, reducing the signal at the input. The 
differential amp connected to pin 8 forms the local 
oscillator. Bias resistors are arranged to present a 
negative impedance at pin 8. The frequency of oscillation' 
is determined by the tank circuit, the peak-to-peak 
amplitude is approximately 300 p,A times the impedance 
at pin 8 in parallel with 8k2. 

After passing through the ceramic filter, the IF signals 
are applied to the IF input. Signals at pin 11 are amplified 
by two AGC controlled common-emitter stages and then 
applied to the PNP output stage connected to pin 13. 
Biasing is arranged so that the current in the first two 
stages i!> set by the difference between a 250 p,A current 
source and the Darlington device connected to pin 12, 

When the AGC threshold is exceeded, the Darlington 
device turns ON, steering current away from the IF into 
ground, reducing the IF gain. Current in the iF is moni
tored by the mixer AGC circuit. When the current In the IF 
has dropped to 30 p,A, corresponding to 30 dB gain reduc-

tion in the IF, the mixer AGC line begins to draw current. 
This causes the mixer current and input impedance to 
drop, as previously described. 

The IF output is level shifted and then peak detected at 
detector cap C1. By loading C1 with only the base current 
of the following device, detector currents are kept low. 
Drive from the AGC is taken at pin 14, while the AM de
tector output is summed with the FM detector output at 
pin 17. 

FM Section 

The FM section is composed of a 6-stage limiting IF driv
ing a quadrature detector. The IF stages are identical with 
the exceptions of the input stage, which Is run at higher 
current to reduce noise, and the last stage, which is 
switched OFF in the AM mode. The quadrature detector 
collectors drive a level shift arrangement which allows the 
detector output load to be connected t6 the regulated 
supply. 

Audio Amplifier 

The audio amplifier has an internally set voltage gain of 
120. The bandwidth of the audio amplifier is reduced in the 
AM mode so as to reduce the output noise falling In the 
AM band. The bandwidth reduction is accomplished by 
reducing the current in the' input stage. 

Regulator 

A series pass regulator provides biasing for the AM and 
FM sections. Use of a PNP pass device allows the supply 
to drop to within a few hundred millivolts of the regulator 
output and stili be in regulation_ 
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LM1870 Stereo Demodulator with Blend 
General Description Features 
The LM1870 is a phase locked loop FM stereo demodulator 
with a DC control pin for reducing noise by decreasing 
separation during weak signal conditions. 

• Blend control 
• Large input overload 
• Low beat note distortion 

Applications • Low THO diode switching outputs 

• VCO stop function 
• Wide supply range, 7V to 15V 
• Mono override pin 

• Automobile radios 
• Hi Fi receivers and tuners 
• High performance portable radios 

Typical Application and Test Circuit 

+ 

ZC~jg 

COMPOSITE 
INPUT 

CZ 
2"F + 

RIg 
15k 

lZV ..... 
19kH •. 

TESTPDlNT 

Rl 
lOOk 

~~~~o----4~~Ar-t 

Pin Functions 
1 Quick Mono 

2 PLL Input 
3 V+ 

4 Lamp Filter and veo Stop 

5 Lamp Filter 

v, 

6 Loop Filter 

7 Loop Filter 

8 veo Tuning 

9 veo Tuning 

10 Ground 

VCO 
STOP 

l-
FIGURE 1 

11 lamp Driver 

12 RighI Output 

13 Left Output 

14 Right Gain and Deemphasls 

15 Left Gain and Deemphasi. 
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Order Number LM1870N - _.- - . - ......... 
~trtl ''Ii:J rdt;ft.dya •• "'UI't. 

VLAMP 

Rll 
ISO 
zw 

I1ILEO 

r----if,--o ~~~T 

r--II-,,-O ~~GTHT 

R9 
SkZ 

RIO 

"~l 
16 Blend Re.islor and 19 kHz Te.t Point 

. 17 Blend Filter 

18 Blend Filter 

19 AudiO Input 

20 Blend Control Voltage 



Absolute Maximum Ratings 
Supply Voltage, Pin 3 15V 

Lamp Driver Voltage, Pin 11 18V 

Output Voltage, Pin 12, 13, Supply Off 7V 

. Quick Mono Input (Pin 1) V+(Pln3) 

Blend Input (Pin 20) 15V 

Operating Temperature Range o "C to + 70:'C 

Power Dissipation (Note 1) 1W 

Storage Temperature - 65 "C to + 125 "C 

Lead Temperature (Soldering, 10 seconds) 300"C 

Electrical Characteristics TA=25"C, v+ =8V, Figure 1 

Parameter I Conditions I Min I Typ I Max I Units 

DC 

Operating Supply Voltage 7 8 15 V 

Supply Current 26 45 rnA 

Input DC Voltage Pin 19 4 V 

Input DC Voltage Pin 2 1.8 V 

Supply Aejection 15 30 dB 

Lamp Leakage Current Lamp Off, Pin 11 = 16V 0.1 100 I'A 

Lamp Saturation Voltage Lamp On, Pin 11@75 rnA 1.4 2.0 V 

VCO Stop Voltage Voltage at Pin 4 to Stop VCO 0.2 0.4 V 

VCO Stop Current Pin 4=0.2V -30 -100 I'A 

Blend Input Bias Current Pin 20=OV -2 -20 I'A 

Quick Mono Switch Vol'tage 
.' 

4 V 

Quick Mono Bias Current Pin 1 =8V 2 I'A 

Output Leakage Pin 12 or 13 = 6.5V, Pin 3 = OV 0.1 20 I'A 

Audio 

Mono Gain 1 kHz -4 -1 +2 dB 

MonoTHD 1 kHz@200 mVrms 0.05 0.25 % 

Channel Bal~nce ±0.4 ± 1.5 dB 

Gain Shift Mono to Stei60 ::to.1 ±1.0 dB 

Channel Separation Pin 20>:1.1V 30 45 dB 

Output DC Shift Mono to Stereo ±15 ± 100 mV 

Input Aesistance Pin 19 20 40 kG 

Output Aeslstance Pin 12, 13 65 200 G 

Ultrasonic Aejection 19 kHz +'38 kHz 30 dB 

SCA Aejection (Note 2) . 70 dB 

Signal To Noise 1 kHz@200 mVrms Mono 68 dB 

PLL 

Lamp On Voltage 19 kHz on Pin 2 15 20 mV 

Lamp Off Voltage 19 kHz On Pin 2 2.5 5 mV 

Lamp Hysteresis 10 dB 

Capture Aange 25 mVrms on Pin 2 ±2 ±4 ·±6 % 

Hold In Range 25 mVrms on Pin 2 ±12 % 

Input Aesl~tance Pin 2 8 14 kG 

Blend Pin 20 from 1.1V to 0.2V 

Stereo Gain Change 1 kHz L = - A Input -25 -35 dB 

Mono Gain Change 1 kHz L= A Input -1.5 -0.5 0.5 dB 
10 kHz L = A Input -8 -14 -20 dB 

Output DC Shill ±40 ±100 mV 

Note t: For operation In ambient temperatures above 25"C, the device must be derated based on a 150"C maximum Junction temperature and a th.ermal 
resistance 01 125'O/W junction to ambient. 
Note 2: Input Is 10% ~CA (74.5 kHz), 9% pilot and 1 kHz left or right. Rejection Is ratio 011 kHz output to 1.5 kHz output. 
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Extemal Components 

Part 1# 
Recommended 

Purpose 
Affect 

Remarks 
Value Smaller Larger 

R1 lOOk Pull Up for OK Errors Due to Pin 1 Can Be 
Quick Mono Pin 1 Bias Shorted to Supply 

Current If Quick Mono is 
Not Used 

C2 21lF PLL Input Loading 'of For Source of Less 
Coupling Source varies Than 100n, Can 

with Frequency Use O.lIlF 

C3 O.lIlF Supply Bypass 

C4 0.221lF Lamp Filter Shorter Time to Longer Time to High Dielectric 
Switch Mono to Switch Mono to Resistance 
Stereo Stereo 

R6 3k 
High Stereo Narrower 

C6 0.047 IlF Loop Filter 
C7 0.331lF 

Distortion Capture Range 

RB 33k High Stereo Loop not Lock 

Loop Filter 
Distortion 

CB 0.0047 IlF Narrower Capture 
Range 

C9 1000 pF Set VCO High VCO Jitter Narrower NPO 5% 
R9 B.2k Free Running Capture Range 
Rl0 5k Frequency VCO Not Adjustable with C9 Metalfilm 

Rl1 1 BOn Sets Lamp Excess IC Dim Lamp 
Current Dissipation 

R14 7.5k 
Load Resistors 

Low Output Output Clip 
R15 7.5k Voltage Ea.rlier 

C14 0.Q1 IlF 
Deemphasis 

C15 O.Q1IlF 

R16 3k Seis Blend Characteristic I See Curves 

C17 0.0047 IlF Filter for Insufficient Reduced Blend 
C1B 0.0047 IlF Blend Blend Bandwidth 

C19 21lF Audio Input Poor Low Fre- Turn On Delay 
Coupling quency Response 

and Separation 

R19 15k Allows veo Excess IC Reduces 19 kHz Only Need During 
Monitoring Dissipation Output Voltage Set Up 

Typical Performance Characteristics Blend off unless otherwise stated 
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Gain vs RL (Pin 14, 15) 
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Typical Performance Characteristics Blend off unless otherwise stated 
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Typical Performance Characteristics Blend off unless otherwise stated 

L·R Gain vs Blend Control 
L + R Frequency Response 
with Blend Control 

L·R Frequency Response 
with Blend Control 
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Application Hints 
Blend-What & Why? 

The signal to noise of a weak FM stereo signal is worse than 
that of an equally weak FM mono signal. Forthis reason FM 
mono radios often pertorm Delter man i=ivi siereu 'Q<iiu::., 
unless the lalter is forced into mono. 

The typical quieting curves of an FM stereo radio look like 
this: 

~ 
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-40 

Typical Radio QUieting 
Characteristic 
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RF INPUT (.VI 

If an acceptable signal to noise is 40 dB, then 20 dB more 
signal is required in stereo compared to mono, 30,Nvs3I'V, 
-The degradation in noise is due to the L·R or difference 
channel. If the gain of the L·R is reduced, then the nOise 
associated with it will be reduced. However, there will also 
be a reduction in separation. 

To maintain a 40 dB signal to noise in the al;lOve example, 
the gain of the L·R signal should be reduced from 0 dB 
gain@30 I'V downward to - 20 dB at 31'V, If this is done 
properly the dashed line will result. Below is a plot of L·R 
gain and resulting separation. 

'0 

~ -10 

w 
~ 

" '" 
-20 

1:i 
a: 730 

-40 

-50 

L·R Gain and Separation vs 
RF Input Level with Blend 

I I 
>< L-R 

GAIN 

l\ 
SEPARATION 

lilll 
IIIII 

1 2 3 5 10 20 30 50 100 

RF INPUT (.VI 

The LM1870 reduces the gain of the L·R channel before it is 
demodulated. This is done by a voltage controlled shelving 
filter. The Bode plot of this filter is shown below: 

Blend Filter Response 
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The full blend response is a two pole roll·off with each pole 
set by an internal 6.8k resistor and the capacitance from 
pins 17 and 18 to ground. The standard value for both 
capacitors is 4.7 of resulting in two 5 kHz poles. The blend 
input (pin 20) is derived from the meter drive output of the' 
FM IF chip (LM3089 or LM3189 pin 13). To adjust for var· 

. iations in RF gain and other IC parameters, il is recom· 
mended that an adjustment be made on each radio. 

Mono-Stereo Switching 

The LM1870 automatically switches from mono to stereo 
when the level of pilot at pin 2 is about 1'5 mV or more. This 
value can be increased by putting a resistor between pins 4 
and 5, as shown graphically in the Typical Performance 
curves. 

If it is desired to switch to mono without turning off the 
lamp driver, pin 1 should betaken below4V. This isahigh im· 
pedance input that can be electronically switched by a 
transistor with a pull up resistor to the IC supply. 

Outputs 

The LM1870 has emilter·followeroutputs resulting in a low 
output impedance. The output wll sink or source one mA, 
therefore it will drive AC coupled loads greater than 2 kG. 

InAM·FM radios the switching can be cumbersome at best. 
To ease the problem the outputs of the LM1870 (pins 12 and 
13) are open circuit when the supply (pin 3) is open or 
grounded. This reduces the numbered switch poles reo 
quired since the outputs can remain connected at all times. 
This technique is commonly called diode switching but the 
method used in the LM1870 results in substantially lower 
distortion than obtained with discrete diodes. 
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Application Hints (Continued) 

veo 
The stereo performance of the LM1870 is very constant for 
small «2%) changes in the free running frequency of the 
veo. To insure that the frequency stays within 2%, low 
temperature coefflcieht components should be used for 
the tuning capacitor (1000 pF) and resistor (8.2k). The inter
nal oscillator has a temperature coefficient of about 50 
ppml "C (see curve). With an NPO capacitor and a metalfllm 
resistor the total variation In the free running frequency will 
be less t!lan 1 % over the full temperature range. Tuning the 
veo is done by adjusting the 5 kG potentiometer to get 19 
kHz ± 50 Hz with no input on pin 2. 

The veo frequency is monitored at pin 16 when current is 
supplied to the pin. During normal operation the 19 kHz 
square wave Is not available and the resistor from pin 16 to 
ground programs the blend characteristics (see curves). 

The veo of the LM1870 can be stopped by taking pin 4 low. 
In addition to being useful for turning off the stereo in
dicator and forcing mono FM reception, this also allows 
other mono sources, such as AM, to be fed Into the decoder 
and come out both channels. The signal will not be in
advertently decoded with the veo off and it will have the 
same gain and balance characteristics as the FM. The de
emphasis capacitors may need to be removed for proper 
frequency response. The voltage on pin 20 will also affect 
the frequency response. 

It should be noted that a stopped veo cannot radiate into 
the rest of the radio and cause Interference. Pin 4 can be 
taken low with a mechanical switch or an NPN transistor. If 
a transistOr Is used it must have low leakage, less than 
100 nA at 3 volts VCe and low saturation, less than 
200 mV at 100 "A collector current. 

PLL 

To properly demodulate the L-R Signal the decoder must 
generate a 38 kHz signal that is locked in phase with the 19 
kHz pilot signal at the input. This is done with a phase 
locked loop consisting of a phase detector, a loop filter 
(pins 6 and 7) and a veo (pins 8 and 9). 

The loop filter is similar to other standard decoders 
however the veo incorporates an additional low pass filter 
(4.7 nF and 33 kG) to reduce beat note distortion an addi
tional20dB. 

Input Interfac~ 

There are two inputs to the LM1870, one for the PLL (pin 2) 
and the normal audio input (pin 19). The input impedance of 
the audio input is about40 kG. The input coupling capacitor 
works with this input resistance and sets the low frequency 
response and separation. 

The PLL input (pin 2) locks onto the 19 kHz pilot and rejects 
the rest of the composite signal. For this reason it is only 
necessary to use a coupling capacitor large enough to 

. insure there isno phase shift at19 kHz. The input resistance 
of the PLL is 14 kG so a capacitor between 0.01 "F and 0.1 "F 
would be fine. However, the source driving this input must 
not be affected by this load. This is true only when the 
source is low impedance (less than 100G). 

Typical FM IF circuits have detector output impedance of5 
kG or more. This will cause very poor low frequency 
response and separation unless the loading Is made con
stant over frequency. For this reason the typical input cou
.pling capacitor is 2 "F. 

I F Correction 

The separation In most radios is limited by the response of 
the IF. The input lead network below can often be used to 
improve radio separation. 

IF Correction Lead Network 

IF DETECTOR 
OUTPUT 

Power Supply 

The LM1870 is designed to work on supplies from 7V to 15V. 
For automotive applications a regulator is recommended 
to protect against transients; the LM2930·8V is the ideal 
choice. 
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LM1877 Dual Power Audio Amplifier 
General Description 
The LM1877 is a monolithic dual power amplifier 
designed to deliver 2W/channel continuous into 8n 
loads. The LM1877 is designed to operate with a low 
number of external components, and still provide 
flexibility for use in stereo phonographs, tape recorders 
and AM-FM stereo receivers, etc. Each power amplifier 
is biased from a common internal regulator to provide 
high power supply rejection, and output Q point cen
tering. The LM 1877 is internally compensated for all 
gains greater than 10. 

Features 
• 2W /channel 
• -65 dB ripple rejection, output referred 
• -65 dB channel separation, output referred 

• Wide supply range, 6-24V 

• Very low cross·over distortion 

• Low audio band noise 
• AC short circuit protected 

.' Internal thermal shutdown 

Applications 
• Multi·channel audio systems 
• Stereo phonographs 
" Taoe recorders and plavers 

.' AM-FM radio receivers 

• Servo amplifiers 

• I ntercom systems 
• Automotive products 

Connection Diagram Dual·ln·Line Package 

BIAS 

OUTPUT 1 

GND 

TOP VIEW 

14 v+ 

1J OUTPUT 2 

12 GND 

11 
GND 

10 GNU 

INPUT 2 

FEEDBACK 2 

Order Number LM1877N 
See NS Package N14A 

Equivalent Schematic Diagram 

7 
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6 
tiN PUT 1 

5k 

JOk 

5k 
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Absolute Maximum Ratings 

Supply Voltage 
" 

26V 
Input Voltage '. ±0.7V 
Operating Temperature O°C to +70°C 
Storage Temperature -65°C to +150°C 
Junction Temperature 150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics Vs = 20V, T A = 25°C, RL = 8.11, AV = 50 (34.dB) unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Total Supply Current PO=OW 25 50 mA 

Output Power THO = 10% 
LM1877N VS=20V, RL=8n 2.0 W 

Total Harmonic Distortion 

LM1877 f= 1 kHz, VS= 14V 
-Po = 50 mW/Channei 0.075 % 

Po = 500 mW/Channel 0.045 % 

Po = lW/Channel 0.055 % 

Output Swing RL = 8n VS-6 Vp·p 

Channel Separation CF = 50 I1F, CIN = O.lI1F, f = 1 kHz, 

Output Referred 

Vs = 20V, Vo = 4 Vrm, -50 -70 dB 

Vs = 7V, Vo = 0.5 Vrm, -60 dB 

PSR R Power Supply CF = 50l1F, CIN = O.lI1F, f= 120 Hz, 

Rejection Ratio Output Referred 

Vs = 20V, VRIPPLE = 1 Vrms -50 '...65 dB 

Vs = 7V, VRIPPLE = 0.5Vrms -40 d8 

Noise Equivalent Input Noise 

RS = 0, CIN = O.lI1F, BW = 20 Hz-20 kHz 2.5 I1V 

Output Noise Wideband 

RS = 0, CI N = 0.1 I1F, AV = 200 0.80 mV 

Open Loop Gain RS = 0, f = 100kHz, R L = 8n 70 dB 

Input Off,et Voltage 15 .. mV 

Input Bias Current 50 nA 

Input Impedance Open Loop 4 Mn 

DC Output Level Vs = 20V 9 10 11 V 

Slew Rate 2.0 V/IlS 

Power Bandwidth 65 kHz 

Current Limit 1.0 A 

, 
Note 1: For operation at ambient temperature greater than 2SoC. the LM1877 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

10-168 



Typical Performance Characteristics 
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Typical Applications 

STEREO 
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Typical Applications (Continued) 

Stereo Amplifier with AV = 200 
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i ~National 
:i ~ Semiconductor 

Audio/Radio Circuits 
PRELIMINARY 

...J 

LM1894 Dynamic Noise Reduction System ON R ™ 

General Description Features 
The LM1894 is a stereo noise reduction circuit for use with 
audio playback systems. The DNRTM system Is non· 
complementary, meaning it does not require encoded. 
source material. The system is compatible with virtually 
all prerecorded tapes and FM broadcasts. Psychoacous· 
tic masking, and an adaptive bandwidth scheme allow the 
DNRTM to achieve 10 dB of noise reduction. DNRTM can 
save circuit board space and cost because of the few addi· 
tional components required. 

• Non-complementary noise reduction, "single ended" 

Typical Application 

FROM TAPE 
PREAMP DR FM 

LEFT 
INPUT 

RIGHT 
INPUT 

·Rl + R2= lkll total. 
See Application Hints. 

+ 

C12 
;um:;;!I-lF 

13 

C3 
O.0039"F 

12 

• Low cost external components, no critical matching 
• Compatible with all prerecorded tapes and FM 
• 10 dB effective tape noise reduction CCIRIARM weighted 
• Wide supply range, 4.5V to 18V 
• 1 Vrms input overload 
• No license requirements 

Applications 
\ 

• Automotive radloltape players 
• Compact portable tape players 
• Quality HI-FI tape systems 
• VCR playback noise reduction 
• Video disc playback noise reduction 

Cll 
1 pF 

~~I-:F..-_+_~ 
~ O.015pF 

. ":' ..LC10 

11 

LM1894 

'"r~~: 
'R2 

C4 
1 "F 

+ 

C8 
O. lPFT 

LEFT 
OUTPUT 

RIGHT 
OUTPUT 

TO VOLUME 
CONTROL AND 
POWER AMPLIFIERS 

FIGURE 1. Component Hook·Up for Stereo DNRTM System 

ONR™ Is a trademark of National Semiconductor Corp. 

The DNR ™ system is licensed to National Semiconductor Corp. under U.S. patent 3,67B.416 and 3,753.159. 

Contact National Semiconductor for use of DNA ™ logo. 
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Absolute Maximum Ratings 
Supply Voltage 20V Storage Temperature -55·Cto +150·C 

Input Voltage Range, V pk Vs/2 Lead Temperature(Soldering, 10 seconds) 300·C 

Operating Temperature (Note 1) 0·Cto70·C 

Electrical Characteristics 
Vs = BV, TA = 25·C, VIN = 300 mV at 1 kHz, circuit shown in Figure 1 unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Operating Supply Range 4.5 6 16' V 

Supply Current Vs=6V 17 25 mA 

MAIN SIGNAL PATH 

Voltage Gain DC GroUnd Pin 9, Note 2 -0.9 -1 -1.1 V/V 

DC Out::>ut Voltage 3.7 4.0 4.3 V 

Channel Balance DC Ground Pin 9 -1.0 1.0 dB 

Minimum Bandwidth AC Ground Pin 9 with 0.1"F 675 965 1400 HZ 
Capacitor, Note 2 

Maximum Bandwidth DC Ground Pin 9, Note 2 27 34 46 kHz 

Effective Noise Reduction CCIR/ARM Weighted, Note 3 -10 -14 dB 

Total Harmonic Distortion DC Ground Pin 9 0.05 0.1 % 

Input Headroom Maximum VIN for 3% THO 1.0 Vrms 
AC Ground Pin 9 

Output Headroom Maximum Your for 3% THO Vs-1.5 Vp·p 
DC Ground Pin 9 

Signal to Noise BW = 20 Hz-20 kHz, re 300 mV 
AC Ground Pin 9 79 dB 
DC Ground Pin 9 77 dB 

CCIR/ARM Weighted re 300 mY, 
Note 4 

AC Ground Pin 9 62 66 dB 
DC Ground Pin 9 70 76 dB 

CCIR Peak, re 300 mY, Note 5 
AC Ground Pin 9 77 dB 
DC Ground Pin 9 64 dB 

Input Impedance Pin 2 and Pin 13 14 20 26 kll 

Channel Separation DC Ground Pin 9 -50 -70 dB 

Power Supply Rejection C14 = 100 I'F, VRIPPLE = 500 
mVrms, -40 -56 dB 
f= 1 kHz 

Output DC Shift Reference DVM to Pin 14 and 4.0 20 mV 
Measure Output DC Shift from 
Minimum to Maximum Band· 
width, Note 6. 

CONTROL SIGNAL PATH 

Summing Amplifier Voltage Gain Both Channels Driven 0.9 1 1.1 V/V 

Gain Amplifier Input Impedance Pin6 24 30 39 kll 

Voltage Gain Pin 6 to Pin 6 21.5 24 26.5 V/V 

Peak Detector Input Impedance Pin 9 560 700 640 Il 
, 

Voltage Gain Pin 9 to Pin 10 30 33 36 V/V 
I 

Attack Time Measured to 90% of Final Value 300 500 700 "s 
with 10 kHz Tone Burst 

Decay Time Measured to 90% of Final Value' 45 60 75 ms 
with 10 kHz Tone Burst 

DC Voltage Range Minimum Bandwidth to Maximum 1.1 3.8 V 
Bandwidth 
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Notes 
Nole 1: For operation In amblenl temperature above 25·C, the device must be derated based on a 150·C maximum junction temperature and a thermal 
resistance of ao·clW Junction to ambient. 

Nola 2: To force the DNRTM system Into maximum bandwidth, DC ground the Input to the peak detector, pin 9. A negative temperature coefficient of 
- 0.5%/·C on the bandwidth, reduces the maximum bandwidth at increased ambient temperature or higher package dissipation. AC ground pin 9 or pin 6 to 
select minimum bandwidth. To change minimum and maximum bandwidth, see Application Hints. 

Nole 3: The maximum noise reduction CCIR/ARM weighted Is about 14 dB. This Is accomplished by changing the bandwidth from maximum to minimum. In 
actual operation, minimum bandwidth Is not selected, a nominal minimum bandwidth of about2 kHz gives -10 dB of noise reduction. See Application Hints. 

Nol.4: The CCIR/ARM weighted noise Is measured with a 40 dB gain amplifier between the DNRTM system and the CCIR weighting filter; it Is then input 
referred. . 

Nol.5: Measured using the Rhode-Schwartz psophometer. 

Nol.6: Pin 10 is DC forced half way between the maximum bandwidth DC level and minimum bandwidth DC level. An AC 1 kHz signal Is then applied to pin 10. 
lis peak·to·peak amplitude Is VDC (max. BWl - VDC (min BWl. 

Typical Performance Characteristics 
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External Component Guide (Figure 1) 

Component Value 
C1 0.1 JtF-100 JtF 

C2, C13 1 JtF 

Purpose 
May be part of power supply, 
or may be added to suppress 
power supply oscillation. 
Blocks DC, pin 2 and pin 13 
are at DC potential of Vs/2. C2, 
C13 form a low frequency pole 
with 20k RIN. 

1 
fL=---

271"C2 RIN 
C14 25JtF-100JtF Improves power supply 

C3, C12 0.0039 JtF 

C4, C11 1,.F 

C6 

CB 

C9 

C10 

R1, R2 

RB 

4.7mH, 
0.015JtF 

0.047,.F 

1 kO 

1000 

rejection. 
Forms integrator with internal 
gm block and op amp. Sets 
bandwidth conversion gain of 
27 HZ/JtA of gm current. 
Output coupling capacitor. 
Output is at DC potential of 
Vs/2. ' 

Works with R1 and R2 to at
ienuaitt iuw ilt~:4Ut::lIlI..iY Lld.lI-

sients which could disturb 
control path operation. 

f = 1 =1.6kHz 
5 271"C5 (R1 + R2) 

Works with input resistance 
of pin 6 to form part of control 
path frequency weighting. 

1 
fe= =5.3kHz 

271"C6 RplNe 
Combined with L8 and CL 
forms 19 kHz filter for FM 
pilot. This is only required in 
FM applications (Note 1). 
Forms 19 kHz filter for FM 
pilot. LB is Toko coil 
CAN-1A1B5HM* (Note 1). 
Works with input resistance 
of pin 9 to form part of control 
path frequency weighting. 

1 
fg = 4.BkHz 

271"C9 RpIN9 
Sets attack and decay time of 
peak detector. 
Sensitivity resistors set the 
noise threshold. Reducing at-
tenuation causes larger 
Signals to be peak detected 
and larger bandwidth in main 
signal path. Total value of 
R1 + R2 should equal 1 kO. 
Forms RC roll·off with CB. 
This is only required in FM 
applications. 

• Tok~ America Inc .. 5520 W. Touhy Avenue, Skokie, Illinois e0077 

Note1: When FM applications are not required. pin 8 and pin 9 hook-up 
as follows: 

C9 

~
'04"F 

__ 9 8 

, LM1S94 

I 
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Circuit Operation 
The LM1B94 has two Signal paths, a main signal path and a 
bandwidth control path. The main path is an audio low 
pass filter comprised of a gm block with a variable current, 
and an op amp configured as an integrator. As seen in 
Figure 2, DC feedback constrains the low frequency gain 
to Av= -1. Above the cutoff frequency of the'filter, the 
output decreases at - 6 dBfoct due to the action of the 
0.0039 ,.F capacitor. 

The purpose of the control path is to generate a bandwJdth 
control signal which replicates the ear's sensitivity to 
noise in the presence of a tone. A Single control path is 
used for both channels to keep the stereo image from 
wandering. This is done by adding the right and left chan
nels together in the summing amplifier of Figure 2. The R1, 
R2 resistor divider adjusts the incoming nOise level to 
open slightly the bandwidth of the low pass filter. Control 
path gain is about 60 dB and is set by the gain amplifier 
and peak detector gain. This large gain is needed to en
sure the low pass filter bandwidth can be opened by very 
low noise floors. The capacitors between the summing 
c:ulI~iiiit:1 uUltJui tiln:: lin, ~~a:, C:Cit~\:;t':;i iiit,i'-it j;::'!~:-:7::~: 

the frequency weighting as shown in the typical perform
ance curves. The 1 ,.F capacitor at pin 10, in conjunction 
with internal resistors, sets the attack and decay times. 
The voltage is converted into a proportional current which 
is fed into the gm blocks. The bandwidth sensitivity to gm 
current is 27 HzI,.A. In FM stereo applications a 19 kHz 
pilot filter is inserted between pin B and pin 9 as shown in 
Figure 1. 

Figure 3 is an interesting curve and deserves some discus
sion. Although the output of the DNRTM system is a linear 
function of input Signal, the - 3 dB bandwidth is not. This 
is due to the non·linear nature of the control path. The 
DNRTM system has a uniform frequency response, but 
looking at the - 3 dB bandwidth on a steady state basis 
with a single frequency input can be misleading. It must be 
remembered that a single input frequency can only give a 
single - 3 dB bandwidth and the roll·off from this point 
must be a smooth - 6 dB/oct. 

A more accurate evaluation of the frequency response can 
be seen in Figure 4. In this case the main signal path is 
frequency swept, while the control path has a constant 
frequency applied. It can be se!,!n that different control 
path frequencies each give a distinctive gain roll-off. 

Psychoacoustic Basics 

The dynamic noise reduction system is a low pass filter 
that has a variable bandwidth of 1 kHz to 30 kHz, depend
ent on music spectrum. The DNRTM system operates on 
three principles of psychoacoustics. 

1. White noise can mask pure tones. The total noise 
. energy required to mask a pure tone must equal the energy 

of the tone itself. Within certain limits, the wider the band 
of maskl ng noise about the tone, the lower the noise amp· 
litude need be. As long as the total energy of the noise is 
equal to or greater than the energy olthe tone, the tone will 
be inaudible. This principle may be turned around; when 
music is present, it ·is capable of masking noise in the 
same bandwidth. 



i ,.... 
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2. The ear cannot detect distortion for less than 1 ms. On 
a transient basis, if distortion occurs in less than 1 ms, the 
ear acts as an integrator and is unable to detect it. 
Because of this, signals of sllffiCient energy to mask noise 
open the bandwidth to 90% of the maximum value in le,ss 

Block Diagram 

than 1 ms. Reducing the bandwidth to within 10% of its 
minimum value is done in about 60 ms: long enough to 
allow the ambience of the music to pass through, but not 
so long as to allow the noise floor to become audiqle. 
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3. Reducing the audio bandwidth reduces the audibility of 
noise. Audibility of noise is dependent on noise spectrum, 
or how the noise energy is distributed with frequency. 
Depending on the tape and the recorder equalization, tape 
noise spectrum may be slightly rolled off with frequency 
on a per octave basis. The ear sensitivity on the other hand 
greatly increases between 2 kHz and 10 kHz. Noise in this 
region Is extremely audible. The DNRTM system low pass 
filters this noise. Low frequency music will not apprecia· 
bly open the DNRTM bandwidth, thus 2 kHz to 20 kHz noise 
is not heard. 

Application Hints 
The DNRTM system should always be placed before tone 
and volume controls as shown in Figure 1. This is because 
any adjustment of these controls would alter the noise 
floor seen by the DNRTM control path. The sensitivity 
resistors R1 and R2 may need to be switched with the in· 
put selector, depending on the noise floors of different 
sources, i.e., tape, FM, phono. To determine the value of R1 
and R2 in a tape system for instance; apply tape noise (no 
program material) and adjust the ratio of R1 and R2 to 
open slIgntly tile oanawiolrl OT iflt::: IIlaili :.:.iYIlc:li tJd.i.'-•. Tl".io 
can easily be done by viewing the capacitor voltage of pin 
10 with an oscilloscope, or by using the circuit of Figure 5. 
This circuit gives an LED display of the voltage on the peak 
detector capacitor. Adjust the values of R1 and R2 (their 
sum is always 1 kll) to light the LEDs of pin 1 and pin 18. 
The LED bar graph does not indicate signal level, but 
rather instantaneous bandwidth of the two filters; it 
should not be used as a signal·level indicator. For greater 
flexibility in setting the bandwidth sensitivity, R1 and R2 
could be replaced by a 1 kll potentiometer. 

To change the minimum and maximum value of band: 
width, the integrating capacitors, C3 and C12, can be 
scaled up or down. Since the bandwidth is inversely 
proportional to the capacitance, changing this 0.0039 ,..F 
capacitor to 0.0033 ,..F will change the typical bandwidth 
from 965 Hz-34 kHz to 1.1 kHz-40 kHz. With C3 and C12 
set at 0.0039 ,..F, the maximum bandwidth is typically 
34 kHz. A double pole double throw switch can be used to 
completely bypass DNA. 

The capacitor on pin 10 in conjunction with internal 
resistors sets the attack and decay times. The attack time 
can be altered by changing the size of C10. Decay times 
can be decreased by paralleling a resistor with C10, and 
increased by increasing the value of C10. 

When measuring the amount of noise reduction of the 
DNRTM system, the frequency response of the cassette 
should be flat to 10 kHz. The CCIR weighting network has 
substantial gain to 8 kHz and any additional roll·off in the 
cassette player will reduce the benefits of DNRTM noise 
reduction. A typical signal·te-noise measurement circuit 
Is shown in Figure 6. The DNRTM system should be 
switched from maximum bandwidth to nominal band· 
width with tape noise as a signal source. The reduction in 
measured noise is the signal·te-noise ratio improvement. 

FOR FURTHER READING 

Tape Noise Levels 

1. "A Wide Range Dynamic Noise Reduction System", 
Blackmer, 'dB' Magazine, August-September 1972, 

2. "Dolby B·Type Noise Reduction System", Berkowitz 
and Gundry, Sert Journal, May-June 1974, Volume 8. 
3. "Cassette vs Elcaset vs Open Reel", Toole, Audioscene 
Canada, April 1978. 
4. "CCIR/ARM: A Practical Noise Measurement Method", 
Dolby, Robinson, Gundry, JAES, 1978. 

Noise Masking 

1. "Masking and Discrimination", Bos and De Boer, JAES, 
Volume 39, #4, 1966. 
2. "The Masking of Pure Tones and Speech by White 
Noise", Hawkins and Stevens, JAES, Volume 22, #1, 1950. 
3. "Sound System Engineering", Davis, Howard W. Sams 
and Co. 
4. "High Quality Sound Reproduction", Moir, Chapman 
Hall,1960. 
5. "Speech and Hearing in Communication", Fletcher, 
Van Nostrand, 1953. 
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CASSETTE DNRTM 

AVERAGE 
RESPONDING 

METER 

FIGURE 6. Technique for Measuring SIN Improvement 
of the DNRTM System 

Printed Circuit Layout 

DNRTM Component Diagram 
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LM1895/LM2895 Audio Power Amplifier 

General Description 
The LM1895 Is a 6V audio power amplifier designed to 
deliver 1W into 40. Utilizing a unique patented compensa
tion scheme, the LM1895 is ideal for sensitive AM radio ap
plications. This new circuit technique exhibits lower 
noise, lower· distortion, and less AM radiation than con
ventional designs. The amplifier's supply range (3V-9V) is 
ideal for battery operation. The LM1895 is packaged in an 
8-pin miniDIP for minimum PC board space. For higher 
supplies (Vs>9V) the LM2895 is available in an 11-lead 
sinale-in-line package. The 11-lead package has been 
redesigned, resulting in a slightly degraded thermal 
characteristic shown in the figure Device Dissipation vs 
Ambient Temperature. 

Features 
• Guaranteed low crossover distortion 
• Low AM radiation 

Typical Applications 
Cs 

• Low noise 
• 3V, 40, Po =250 mW 
• Wide supply operation 3V-15V (LM2895) 

• Low distortion 
• No turn on "pop" 
• Smooth waveform clipping 
• 8-pin miniDIP (LM1895) 

• 12V, 40" Po = 4W (LM2895) 
~ Te2!~d f0!" !o'-'.' 0r0~~nvpr rliRtortion 

Applications 
• Compact AM-FM radios 
• Battery operated tape player amplifiers 

• Line driver 

~_ 470~",~~_~~ __ .... o Vs = 6V 

R2 
51 

> .... --... -oVOUT 

Pin 7 no connection 

FIGURE 1. LM1895 with Av = 500, BW = 5 kHz, AM Radio 
Application (V IN = 4.2 mV for Full Power Output) 

Order Number LM1895N 
See NS Package N08A 

Order Number LM2895P 
See NS Package P11A 
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Absolute Maximum Ratings 
Supply Voltage 

LM1895 Vs=12V 
LM2895 Vs;= 18V 

Operating Temperature(Note 1) O·Cto +70·C 
Storage Temperature -65·Cto + 150·C 
Junction Temperature 150·C 
Lead Temperature(Soldering, 10 seconds) 300·C 

Electrical Characteristics Unless otherwise specified, TA=25·C, Av=200(46 dB). For the LM1895, Vs=6V and 
RL=41l. For the LM2895, TTAB~25·C, Vs=12V and RL=41l. Test circuit shown in, Figure 2. 

Parameter Conditions LM1895 LM2895 Units 
Min Typ Max Min Typ Max 

Supply Current Po=OW, 8 14 12 20 mA 

Operating Supply Voltage 3 10 3 15 V 

. Output Power THD=10%, f=1 kHz 
LM1895N Vs =6V, RL=41l}T =25.C 0.9 1.1 W 

Vs =9V, RL=811 A 1.1 W 
LM2895P Vs=12V, RL=41l} • 3.6 4.3 W 

Vs='12V, RL=811 TTAB"j25 C 2.5 W 

Distortion f= 1 kHz 
Po =50 mW 0.27 0.27 % 
Po = 0.5W 0.20 0.20 % 
Po =1.0W 0.15 % 
f=20 kHz, Po =100 mW, Vs =3.6V 3.0 3.0 % 

Crossover Distortion f=20 kHz, RL=41l, Po=100 inw, 3 3 % 
Vcc =3.6V 

Power Supply Rejection CBy =100!'F, f=1 kHz, CIN =0.1!,F 40 52 40 52 dB 
Ratio (PSRR) Output Referred, VRIPPLE=250 mV . 

NOise Equivalent Input Noise Rs = 0, 
CIN =0.1!,F, BW=20-20 kHz 1.4 1.4 ltV 
CCIR/ARM 1.4 1.4 ltV 
Wideband 2.0 2.0 ltV 

DC Output Level 2.8 3.0 3.2 5.6 6.0 6.4 V 

Input Impedance 50 150 350 50 150 350 kll 

Input Offset Voltage 5 5 mV 

Input Bias Current 120 120 nA 

Note 1: For operation at ambient temperature greater than 25 '"C. the LM1895/LM2895 must be derated based on a maximum Junction temperature using a 
thermal resistance which depends upon mounting techniques. 

Typical Performance Characteristics 

LM2895 Device Dissipation 
vs Ambient Temperature 
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Typical Performance Characteristics (Continued) 

AM Recovered Audio and Noise 
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~ Equivalent Schematic Typical Applications (Continued) 

BOOTSTRAP 

~ 
...I 
in 
i 

2131 

~----------~~--------~--+---~~v+ 

Cs if .. :=---..... --.... R02 Vs 

51 

,.... 10k 

~ 
...I 

lOOk ...... -+-0 OUTPUT 
1121 

~~--""OVOUT 

+ Cc 

10k 

L-----+-~~----~--~~4-------~~GND 
Cl 

50pF 

;~~,~: 
6161 3151 

BVPASS +INPUT -INPUT 

Pin 7 no connecllon on LM1695 

Pins 4, 7, 10, 11 no connection on LM2895 

( ) indicates pin number for LM2695 

FIGURE 2_ Amplifier with Av = 200, BW = 30 kHz 

External Components (Figure 2) 

Components 

1. R1, R5 

2. R2 

3. Ro 

4. C4 

5. C5 

6. C2 

7. C1 

8. C3 

10. Co 

11. Cs 

Comments 

Sets voltage gain, Av= 1 + R1/R5 

Bootstrap resistor sets drive current for output stage and allows pin 
2 togo above Vs 

Works with Co to stabilize output stage 

Input coupling capacitor. Pin4 is at a DC potential of Vs/2. Low fre
quency pole set by: 

Feedback capacitor. Ensure unity gain at DC. Also a low frequency 
pole a!: 

Bootstrap capacitor, used to increase drive to output stage. A low 
frequency pole is set by: 

f _ 1 
L- 21l"R2C2 

Compensation capacitor. This stabilizes the amplifier and adjusts 
the bandwidth. See curve of bandwidth vs allowable gain 

I mproves power supply rejection. (See Typical Performance Curves). 
Increasing C3 increases turn-on delay 

Output coupling capacitor. Isolates pin 1 from the load. Low fre
quency pole set by: 

Works with Ro to stabilize output stage 

Provides power supply filtering 
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Connection Diagrams 

Dual-In-Line Package 

OUTPUT • +VS 

BOOTSTRAP NC 

lM1895 

BYPASS GNO 

+IN 5 -IN 

TOP VIEW 

Application Hints 
AM Radios 

TheLM189S/LM289Shayebeendesignedtofillawiderange 
of audio power applications. A common problem with IC 
audio power amplifiers has been poor signal-ta-noise per
formance when used in AM radio applications. In a typical 
radio application, the loopstick antenna is in close prox
imity to the audio amplifier. Current flowing In the speaker 
and power supply leads can cause electromagnetic cou
pling to the loopstick, resulting in system oscillation. In ad
dition, most audio power amplifiers are not optimized for 
lowest noise because of compensation requirements. If 
noise from the audio amplifier radiates intotheAM section, 
the sensitivity and signal-to-noise ratio will be degraded. 

The LM189S exhibits extremely low wideband noise due in 
part to an external capacitor Cl which Is used to tailor the 
bandwidth. The circuit shown in Figure 2 is capable of a 
signal-to-noise ratio in excess of 60 dB referred to SO mW. 
Capacitor Cl not only limits the closed loop bandwidth, it 
also provides overall loop compensation. Neglecting CS in 
Figure 2, the gain is: 

~. 

= 
~ 
~ 

"' 

dB 

~ -10 

~iii -20 ,,;s 
:i!S -30 

= " § £ -40 

'" " ~ 
"' ~ 

~ 

-50 

-60 

f-
~W~IJERID 

AUDIO AT 
SPEAKER 

;/ 

~ 
-, 

- r-.. 
SPEAKER 

____ NOISE WITH SPEAKER LEADS 

~~/8" FROMlODPSTICK 
-Tiiiii'AMECDNDIT"N' FOR 

CONVENTIONU AMP 

0.01 0.1 10 

FiElD STRENGTH '",VIM) 

FIGURE 3_ Improved AM Sensitivity 
Over Conventional Design 

Single-In-line Package 

V+ • 
OUTPUT 

BOOTSTRAP 

.4 
NC 

BYPASS 

GND lM2B95 

NC 

+IN 

-IN 

10 
NC 

11 
NC 

TDPV1EW 

S+Aywo 
Ay(S)=-

S+Wo 

Rl +RS 
where Ay=---, 

RS 
wo=--

R1Cl 

0 

0 

A curve of - 3 dB BW (wo) vs Ay is shown in the Typical 
Performance Curves. 

Figure 3 shows a.plot of recovered audio as a function of 
field strength iii ".VlM. The receiver section in this example 
is an LM3820. The power amplifier is located about two 
inches from the loopstick antenna. Speaker leads run 
parallel to the loopstick and are 1/8 inch from it. Referenced 
to a 20 dB SIN ratio, the improvement in noise performance 
over conventional designs is about 10 dB. This corresponds 
to an increase in usable sensitivity of about 8.S dB. 

i,. 
GNO Ys YOUT YOUT 

OC AC 

FIGURE 4_ Printed Circuit Board Layout for LM1895 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

LM18961LM2896 Dual Power Audio Amplifier 
General Description 
The LM1896 is a high performance 6V stereo power 
amplifier designed to deliver 1 watt/channel into 41l or 2 
watts bridged monaural into BIl. Utilizing a unique 
patented compensation scheme, the LM1896 is ideal for 
sensitive AM radio applications. This new circuit tech
nique exhibits lower wideband nOise,lowerdistortion, and 
less AM radiation than conventional designs. The amplifi· 
er's wide supply range (3V-9V) is ideal for battery opera· 
tion. For higher supplies (Vs>9V) the LM2B96 is available 
in an 11·lead single-in·line package. The LM2B96 package 
has been redesigned, resulting in the slightly degraded 
thermal characteristics shown in the figure Device Dissi· 
pation vs Ambient Temperature. 

Typical Applications 

Features 
• Low AM radiation 

• Lownoise 
• 3V, 41l, stereo Po= 250 mW 
• Wide supply operation 3V·15V (LM2896) 

• Low distortion 
• No turn on "pop" 
• Adjustable voltage gain and bandwidth 

• Smooth waveform clipping 

• Po= 9W bridged, LM2896 

Applications 
• Compact AM-FM radios 
• Stereo tape recorders and players 
• High power portable stereos 

1"7"" ..... --.... 0 +Vs 

RB 
lOOk CB +vs 

0.1/J.F 

2k 

SOpF 

Sill 

1SDpF 

III 

511l 

III 

8!l 
SPEAKER 

FIGURE 1. LM2896 in Bridge Configuration (Av =400, BW=20 kHz) 

Order Number LM1896N' 
,See NS Package N14A 
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Absolute Maximum Ratings 
Supply Voltage 

LM1896 Vs= 12V 
LM2896 Vs= 18V 

OperatlngTemperature(Note1) OOCto + 700C 
Storage Temperature -65OCto + 1500C 

Junction Temperature 1500C 

LeadTemperature(Solderlng,10seconds) 3000C 

Electrical Characteristics Unless otherwise specified, TA = 25°C, Av= 200(46 dB). Forthe LM1896,. 
Vs=6Vand RL=40. For LM2896, TTAB= 25°C, Vs= 12V and RL =80. Test circuit shown in Figure 2. 

Parameter I Conditions 
LM1896 LM2896 

Units 
Min T~!, Max Min T~!, Max 

Supply Current Po=OW, Dual Mode 15 25 25 40 rnA 

Operating Supply Voltage 3 10 3 15 V 

Output Power THD=10%, f=1 kHz 
LM1896N-1 Vs = 6V, RL = 40 Dual Mode } 0.9 1.1 W 
LM1896N-2 Vs = 6V, RL = 80 Bridge Mode TA = 25°C 1.8 2.1 W 

Vs = 9V, RL = 80 Dual Mode 1.3 W 
LM2896P·1 V,~12V. R, ~"" 0,,1 Mod, 1 2.0 2.5 W 
LM2896p·2 Vs = 12V, RL = 80 Bridge Mode T _ 250C 7.2 9.0 W 

Vs=9V, RL =40 Bridge Mode TAB- 7.8 W 
Vs = 9V, RL = 40 Dual Mode 2.5 W 

Distortion f = 1 kHz 
Po=50rnW 0.09 0.09. % 
Po=0.5W 0.11 0.11 % 
Po=1W 0.14 % 

Power Supply Rejection CBY = 100 I'F, f = 1 kHz, CIN = 0.1 I'F "':40 -54 -40 -54 dB 
Ratio (PSRR) Output Referred, VRIPPLE= 250 mV 

Channel Separation CBy=100I'F, f=1 kHz,CIN =0.1I'F -50 -64 -50 -64 dB 
Output Referred 

Noise Equivalent Input Noise Rs=O, 
CIN =0.1I'F, BW=20-20 kHz 1.4 1.4 I'V 
CCIR/ARM 1.4 1.4 I'V 
Wideband 2.0 2.0 I'V 

DC Output Level 2.8 3 3.2 5.6 6 6.4 V 

Input Impedance 50 100 350 50 100 350 kO 

Input Offset Voltage 5 5 mV 

Voltage Difference LM1896N·2, LM2896p·2 10 20 10 20 mV 
Between Outputs 

Input Bias Current 120 120 nA 

Note 1: For operation at ambient temperature greater than 25 '"C. the lM1896/LM2896 must be derated based on a maximum 150"C junction temperature 
using a thermal resistance which depends upon mounting techniques. 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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5(10) 
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6, 9 No connection on LM1896 

() Indicates pin number for LM2896 

Connection Diagrams 

Dual-In-Line Package 

14 
+IN 2 

13 
-IN 1 -IN 2 

12 
BOOTSTRAP 1 BOOTSTRAP 2 

11 
GNO LM1B96 GNO 

10 
OUTPUT 1 OUTPUT2 

NC NC 

BYPASS +VS 

TOPVIEW 

10k 

lOOk lOOk 

10k 

1171 71111 13141 

+INPUT 1 BYPASS +INPUT 2 -INPUT2 

Single-In-line Package 

+VS • 
OUTPUT2 

BOOTSTRAP 2 

-IN2 

+IN2 

GND LMZ896 

+IN 1 

-IN 1 

BOOTSTRAP 1 

10 
OUTPUT 1 

BYPASS 
11 

TOPVIEW 

10-187 

.... +-+-0 OUTPUT2 
10121 

GNO 
4,11(6) 

0 

0 



!yplcal Applications (Continued) 

47~F 
.If .,+,.....-.... --4~ or 
':' All 

C1D 
SD.F 

1m 

RI 
110ll 

C2 + 
10 PFT 

6, 9 No connection On LMI896 

( ) Indicates pin numbe, for LM2896 

FIGURE 2. Stereo Amplifier with Av'" 200, BW ... 30 kHz 

Extemal Cemponents (Figure 2) 

Components 

1. R2, R5, Rl0, R13 

2. R3, R12 

3. Ro 

4. Cl,C14 

5. C2,C13 

6. C3,C12 

7. C5,Cl0 

8.07 

10. C~ 

11. Cs 

Comments 

Sets voltage gain, Av = 1 + R5/R2 for one channel and 
Av = 1 + Rl0/R13 for the other channel. 

Bootstrap resistor sets drive current for output stage and 
allows pins 3 and 12 to go above V s. 

Works with Co to stabilize output stage. 

Input coupling capacitor. Pins 1 and 14 are at a DC potential 
of V s/2. Low frequency pole set by: 

1 
fL--~-

2nR1N Cl 

Feedback capacitors. Ensure unity gain at DC. Also a low 
frequency pole at: 

1 

2nR2C2 

Bootstrap capacitors, used to Increase drive to output 
stage. A low frequency pole is set by: 

1 
fL=---

2nR3C3 

Compensation capacitor. These stabilize the amplifiers 
and adjust their bandwidth. See curve of bandwidth vs 
allowable gain. 

Improves power supply rejection (See Typical Perform· 
ance Curves). Increasing C7 increases turn·on delay. 

Output coupling capacitor. Isolates pins 5 and 10 from the 
load. Low frequency pole set by: 

1 
f L=---

2nCcRl; 

Works with Ro to stabilize output stage. 

Provides power supply filtering. 
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Application Hints 
AM Radios 

The LM1896/LM2896 have been designed to fill a wide range 
of audio power applications. A common problem with IC 
audio power amplifiers has been poor signal-to-nolse per
formance when used in AM radio applications. In a typical 
radio application, the loopstick antenna is in close prox
imity to the audio amplifier. Current flowing in the speaker 
and power supply leads can cause electromagnetic cou
pling to the loopstick, resulting in system oscillation. In ad· 
ditlon, most audio power amplifiers are not optimized for 
lowest noise because of compensation requirements. If 
noise from the audio amplifier radiates into theAM section, 
the sensitivity and signal-to-nolse ratio will be degraded. 

The LM1896 exhibits extremely low wldeband noise due In 
part to an external capacitor CS which is used to tailor the 
bandwidth. The circuit shown in Figure 2 is capable of a 
signal·to·noise ratio in excess of 60 dB referred to SO mW. 
Capacitor CS not only limits the closed loop bandwidth, it 
also provides overall loop compensation. Neglecting C2 in 
ri,.."",n I) +ho "'!:lItn Ie!' .. ~- .... -, ...... ;:,_ .... _. 

S+AVWo 
Av(S)=--

.S+wo 

R2+RS 
where Av='---, 

R2 
(&)0=--

RSCS 

A curve of - 3 dB BW (wo) vs Av is shown in the Typical 
Performance Curves. 

Figure 3 shows a plot of recovered audio as a function of 
field strength in "VIM. The receiver section in this example 
is an LM3820. The power amplifier is located about two 
inches from the loopstick antenna. Speaker leads run 
parallel to the loopstick and are 1/8 inch from it. Referenced 
to a20 dB SIN ratio, the improvement in noise performance 
over conventional designs is about10dB. Thlscorresponds 
to an increase in usable sensitivity of about 8.S dB. 

Bridge Amplifiers 

The LM1896/LM2896 can be used in the bridge mode as a 
monaural power amplifier. In addition to much higher 
power output, the bridge configuration does not require 
output coupling capacitors. The load is connected directly 
between the amplifier outputs as shown in Figure 4. 

Amp 1 has a voltage gain set by 1 + RS/R2. The output of 
amp 1 drives amp 2 which is configured as an inverting 
amplifier with unity gain. Because of this phase inversion 
in amp 2, there is a 6 dB increase in voltage gain referenced 
to V I' The voltage gain in bridge is: 

Cs is used to prevent DC voltage on the output of amp 1 from 
causing offset in amp 2. Low frequency response is in
fluenced by: 

1 
f L=---

2nRsCs 

Several precautions should be observed when using the 
LM1896/LM2896 in bridge configuration. Because the 
amplifiers are driving the load out of phase, an 80 speaker 
will appearasa4010ad, and a40 speaker will appearasa20 
load. Power dissipation is twice as severe in this situation. 
For example, ifVs =6V and RL =80 bridged, then the max
imum dissipation is: 

V~ 62 

Po=--x2=--x2 
20RL 20x4 

Po = 0.9 Watts 

This amount of d.issipatlon is equivalent to driving two 40 
loads in the stereo configuration. 

When adjusting the frequency response in the bridge con
figuration, RSCS and R10C10 form a 2 pole cascade and the 
- 3 dB bandwidth is actually shifted to a lower frequency: 

0.707 
BW=--

2".RC 

where R = feedback resistor 

C = feedback capacitor 

To measure the output voltage, a floating or differential 
meter should be used because a prolonged output short 
will over diSSipate the package. Figure 1 shows the com
plete bridge amplifier. 

~. 

~ ... 
0: 

dB 

f-
RE~I~I~ERJo 

AUDIO AT 
SPEAKER 

1111 tv-v;c>-f CI4 

~ w -10 
~ 

ilm -20 ,,:s 
:li 5i -3~ 
" . §£ -40 

" ffI -50 
ffi > -60 

~ 

III 1,1 
III I', 

RECOVERE f- ro.. NOISE A 

~Efm 

F-WM 
1~~!~ FROM HL~~E~~CRK LEADS 

SAME CONDITIONS FOR 
CONVENTIONAL AMP 

0.01 0.1 I 10 

FIELD STRENGTH (mV/M1 

FIGURE 3. Improved AM Sensitivity 
Over Conventional Design 

H5 RID 

RZ RI3 

C5 CID 

T CI3 

FIGURE 4. Bridge Amplifier Connection 
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Printed Circuit Layout 

Prlnte~ Circuit Boatel Layout 

Figure 5 and Figure 6show printed circuit board layouts for 
the LM1896 and LM2896. The circuits are wired as stereo 
amplifiers. The signal source ground should return to the 
input ground shown on the boards. Returning the loads to 
power supply ground through a separate wire will keep the 
THO at its lowest value. The inputs should betermlnated In 
less than 50 kll to prevent an input-output oscillatior). This 

I;. 

2200 ilF, , Z2IIO~F 

~r' 

51!l ',S1!l 
~.-,,,,,,,,...,...,,,",,,,,,~ 

COMPONENT SlOE 

150pF 

CB 
0.1 pF 

, : VIN2 
:; , BRIDGE 

.; INPUT 

FIGURE 5. Printed Circuit Boatel Layout for the LM1896 

oscillation is dependent on the gain and the proximity of 
the bridge elements Reand Ce to the{ + ) input. lithe bridge 
mode Is not used, do not Insert Re, Ce,into the PCB. 

To wire the amplifier into the bridgeqonflguration, short the 
capacitor on pin 7 (pin 1 of the LM1896) to ground. Connect 
together the nodes labeled BRIDGE and drive the capacitor 
connected to pin 5 (pin 14 of the LM1896). 

, ' 

, l200 pF 
..,~ 
CB 

0.1 pF 

.< /1:".' 

,',I '.,; 
'Zit;' 

100pF', .. ' :150pF 

T/ 
, , 

COMPONENT SlOE 

FIGURE 6. Printed Circuit Boatel Layout for the LM2896 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

LM1897 Low Noise Preamplifier for Tape Playback Systems 

General Description 
The LM1897 is a dual high gain preamplifier for applica
tions requiring optimum noise performance. It is an 
ideal choice for a tape playback amplifier when a 
combination of low noise, high gain, good power supply 
rejection, and no power up transients are desired. The 
application also provides transient-free muting with a 
single pole grounding switch. 

Features 
• Programmable turn-on delay 

• Translent·free power up - no pops 

• Translent·free muting 
• Low noise - O.S"V CCIR/ARM in a DIN circuit 

referenced to gain at 1 kHz 

Vee 12Voc R210k 

RIGHT 
INPUT 

LEFT 
INPUT 

0.1,.., 

* 

10k 

10k 

3V 

• Low Voltage Battery Operation 4V 

• Wide gain bandwidth due to broadband 
two amplifier approach 7SdB@20kHz 

• High power supply rejection 105dB 

• Low distortion 0.03% 

• Fast slew rate SV/,..s 
• Short circuit protection 
• Internal diodes for diode switching applications 
1:1 Low cost external parts 

• Excellent low frequency response 

• Prevents "click" from being recorded onto the tape 
during power supply cycling in tape playback appli
cations 

R31.5M25% 

R5 Cl 0.0022,.F 5% 
1.2M f'"";W-; 

12 10 

10k 

LEFT . >-...... -.!I-::i--() OUTPUT 

56k 5% 0.0022"F 5% 

R7 
1.5M25% 270k 270k -'Wv-T-'Wv-

J OPTIONAL MUTE 
~ CIRCUIT 

Figure 1. Typical Tape Playback Preamplifier Application 

Order Number LM1897N 
See NS Package N16E 
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Absolute Maximum Ratings 
Supply Voltage 18V 
Voltage on Pins 8 and 9 18V 
Package Dissipation (Note 1) 715mW 
Storage Temperature -65·Cto +150·C 
Operating Temperature O·Cto +70·C 
Minimum Voltage On Any Pin -0.1 Vae 
Lead Temperature (soldering, 10 seconds) 300·C 

Electrical Characteristics (TA = 25·C, Vee = 12V, See Test Circuit - Figure 2) 

Parameter Conditions Min Typ Max Units 

Operating Supply Voltage Range Rs removed from circuit 4 18 V 

Supply Current Vee = 12V 6 12 mA 

Total Harmonic Distortion f = 1 kHz, VIN =0.3mV, Pins 7 & 10, Figure 2 0.03 % 

THD + Noise (Note 2) f = 1 kHz, VOUT = 1V, Pins 7 & 10, Figure 2 0.10 0.25 % 

Power Supply Rejection Input Ref. f = 1 kHz, 1 VRMS 85 105 dB 

Channel Separation f = 1 kHz, Output = 1 VRMS, Output to Output 40 60 dB 

Signal to Noise (Note 3) Unweighted 32Hz-12.74kHz (Note 2) 58 dB 
CCIR/ARM (Note 4) 62 dB 
A Weighted 64 dB 
CCIR, Peak (Note 5) 52 dB 

Noise Output Voltage CCIR/ARM (Note 4) 120 200 !-'V _ 

Input Amplifiers 
Input Bias Current 0.5 2.0 !-,A 
Input Impedance f = 1 kHz 50 kQ 
A.C. Gain 27 28 29 dB 
A.C. Gain Imbalance ±0.15 ±0.5 dB 
D.C. Output Voltage 1.8 2.2 2.6 V 
D.C. Output Voltage Mismatch Pins 3 and 14 -200 ±30 +200 mV 
Output Source Current Pins 3 and 14 2 10 mA 
Output Sink Current Pins 3 and 14 300 600 !-,A 

Output Amplifiers 
Closed Loop Gain Stable Operation 5 VIV 
Open Loop Voltage Gain D.C. 110 dB 
Gain Bandwidth Product 5 MHz 
Slew Rate 6 V/!-'sec 
Input Offset Voltage 2 5 mV 
Input Offset Current 20 100 nA 
Input Bias Current 250 500 nA 
Output Source Current Pin 70r 10 2 10 mA 
Output Sink Current Pin 7 or 10 400 900 !-,A 
Output Voltage Swing Pin 7 or 10 11 Vpp 

Output Diode Leakage Voltage on Pins 8 and 9 = 18V 0 10 !-,A 

Nole 1: For operation in ambient temperatures above 25'C, the device must be derated based on a 150'C maximum junction 
temperature and a thermal resistance of 175 'CfWall junction to ambient. 

Nole·2: Measured with an average responding voltmeter using the filter circuit in Figure 4. This simple filter is approximately 
equivalent to a "brick wall" filter with a passband of 20Hz to 20kHz(see "Application Hints" section). For 1 kHz THD the 400Hz high 
pass filter on the distortion analyzer is used. 

Nole 3: The numbers are referred to an output level of 160mV at Pins 7 and 10 using the circuit of Figure 2. This corresponds to an 
input level of 0.3 mV RMS at 333 Hz. 

Nole 4: Measured with an average responding voltmeter using the Dolby lab's standard CCIR filter having a unity gain reference at 2 kHz. 

Nole 5: Measured using the Rhode-Schwarz psophometer, model UPGR. 
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84 54,Sk 1% 
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Z.5V 
REGULATOR 1--1~----.., 

External 
Compo· 
nent 

Components (Refer to 
Figure 1) External 

Component Function 

R" 

Rs 

Set turn-on delay and second 
amplifier's low frequency pole. 
Leakage current in C2 results in 
DC offset between the amplifier's 
inputs and therefore this current 
should be kept low. R, Is set 
equal to R2 such that any input 
offset voltage. due to bias current 
is effectively cancelled. An input 
offset voltage is generated by 
the Input offset current multi
plied by the value of these 
resistors. 

Set the DC and low frequency 
gain of the output amplifier. The 
total input offset voltage will 
also be multiplied by the DC gain 
of this amplifier. It is therefore 
essential to keep the input offset 
voltage specification in mind 
when employing high DC gain in 
the output amplifier; i.e. 5mV x 
400 = 2V offset at the output. 

Set tape playback equalization 
characteristics in conjunction 
with R3 (calculations for the coni
ponent values are Included in the 
Applications Hints section). 

Biases the output diode when it 
is used In DC switching applica
tions. This resistor can be 
excluded if diode switching is 
not desired. 

Figure 5. Schematic Diagram 

Normal 
Range 

of Value 

2 kQ·40kQ 

0.1I'F·10I'F 

(Low' 
Leakage) 

2kQ-40kQ 

500kQ-
10MQ 

1 OkQ-200kQ 

0.00047I'F-
0.011'F 

2 kQ-47kQ 

External 
Compo· 
nent 

Components (Refer to 
Figure 1) External 

Component Function 

C3 

R5 

Often used to resonate with tape 
head in order to compensate for 
tape playback losses including 
tape head gap and eddy current. 
For a typical cassette tape head, 
the resonant frequency selected is 
usually between 13 and 17kHz. 

Increases the output DC bias 
voltage from the nominal 2.2V 
value (See the Application Hints 
section). 

R7 Optionally used for tape muting. 
The use of this resistor can also 
provide "No Pop" turn-off if 
desired. 

Application Hints 
Distortion Measurement Method 

Normal 
Range 

of Value 
100pF-

1000pF 

100kQ-
10MQ 

In order to clearly interpret and compare specifications 
and measurements. for low noise preamplifiers, it is 
necessary to understand several basic concepts of noise. 
An obvious example is the measurement of total har
monic distortion at very low Input signal levels. 
Distortion analyzers provide outputs which allow view
Ing of the distortion products on an oscilloscope. The 
oscilloscope often reveals that the "distortion" being 
measured contains 1) distortion, 2) noise, and 3) 50 or 60 
cycle AC line hum. 

Line hum can be detected by using the "line sync" on 
the oscilloscope (horizontal sync selector). The trigger
ing of a constant waveform Indicates that AC line pickup 
Is present. This is usually the result of electro-magnetic 
coupling into the preamplifier's input or improper test 
equipment grounding, which simply must be eliminated 
before making further measurements! 
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Input coupling problems can usually be corrected by 
anyone of the following solutions: 1) shielding the 
source of the magnetic field (using mu metal or steel), 2) 
magnetically shielding the preamplifier, 3) physically 
moving the preamplifier far enough away from the mag
netic field, or 4) using a high pass filter (fo = 200 Hz-
1 kHz) at the output of the preamplifier to prevent any 
line signal from entering the distortion analyzer. Ground 
loop problems can be solved by rearranging ground con
nections of the circuit and test equipment. 

Separating noise from distortion products is necessary 
when it is desired to find the actual distortion and not 
~he signal-to'nolse ratio of an amplifier. The distortion 
produced by the LM1897 is predominately a second har
monic. It is for this reason that the third and higher 
order harmonics can be filtered without resulting in any 
appreciable error in the measurement. The filter also 
reduces the amount of noise in the measured data. An
other more tedious technique for measuring THO is to 
use a wave analyzer. Each harmonic is measured and 
then summed in an RMS calculation. A typical curve is 
plotted for distortion vs. frequency using this method. A 
..... _= __ 1 _ ••••• _ l __ 1 __ : ... _I •• ...l ............ : ......... "lnu ... 4 .... 'lnl,U"9 A+h 
'1t"lvgl "'"u, ....... I~ ..... ~ .... I.""'U .... "' ......... , •• ~ .... _." •• _ ..... _ ... n •• _ -'U' 

order filter. 

To specify the distortion of the LM1897 accurately and 
also not require unusual or tedious measurements the 
following method is used. The output level is set to one 
volt RMS at 1 kHz (approximately 5 millivolts at the in· 
put). The output is filtered with the circuit of Figure 4 to 
limit the bandwidth of the noise and measured with a 
standard distortion analyzer. The analyzer has a filter 
that is switched in to remove line hum and ground loop 
pick-up as well as unrelated low frequency nOise. The 
resulting measurement is fast and accurate. 

Slgnal·To·Noise Ratio 

In the measurement of the signal-to-noise ratio, misin
terpretations of the numbers actually measured are 
common. One amplifier may sound much quieter than 
another, but due to Improper testing techniques, they 
appear equal in measurements. This is often the case 
when comparing Integrated circuit to discrete preampll· 
fier deSigns. Discrete transistor preamps often "run out 
of gain" at high frequencies and therefore have small 
bandwidths to noise as Indicated below. 

::~ISCRETE ! -(/ 
~ 40 \ 

\ 

'. 
20 200 2k 20k 200k 2M 

FREQUENCY 

Figure 6. 

Integrated circuits have additional open loop gain allow· 
ing additional feedback loop gain In order to lower har· 
monic distortion and Improve frequency response. It is 
this additional bandwidth that can lead to erroneous 
signal to noise measurements if not considered during 
the measurement process. In the. typical example 
above, the difference in bandwidth appears small on a 

log scale but the factor of 10 in bandWidth, (200kHz to 
2MHz) can result in a 10dB theoretical difference in the 
signal-to'noise ratio (white noise is proportional to the 
square root of the bandwidth in a system). 

In comparing audio amplifiers it Is necessary to measure 
the magnitude of noise In the audible bandwidth by 
using a "weighting" fIIter.1 A "weighting" filter alters 
the frequency response in order to compensate for the 
average human ear's sensitivity to certain undesirable 
frequency spectra. The weighting filters at the same 
time provide the bandwidth limiting as discussed in the 
previous paragraph. 

The 32Hz to 12740 Hz filter shown in Figure 4 is a simple 
two pole, one zero filter, approximately equivalent to a 
"brick wall" filter of 20Hz to 20kHz. This approximation 
is absolutely valid if the noise has a flat energy spectrum 
over the frequencies involved. In other words a measure· 
ment of a noise source with constant spectral density 
through either of the two filters would result In the same 
reading. The output frequency response of the two 
filters is shown in Figure 7 . 

I"--BANDWIOTH~ 

I 
20 

NOISE Al 

FREQUENCY 
"BRICKWALL" FILTER 

A, =Az 

r:=-.. NOWIOTHl 

I 
20k 

I: NOISE A2 :\. 

2032 12740 ZOk 

32·12740 Hz FILTER 

Figure 7. 

Typical slgnal-to·noise figures are ·lIsted for several 
weighting filters which are commonly used in the mea
surement of noise. The shape of all weighting filters Is 
similar, with the peak of the curve usually occuring In 
the 307kHz region as shown below. 

20 200 2k 6k 20k 

FREQUENCY 

Figure 8. 

In addition to noise filtering, differing meter types give 
different noise readings. Meter responses include: 1) 
RMS reading, 2) average responding, 3) peak reading, 
and 4) quasi peak reading. Although theoretical noise 
analysis is derived using true RMS (root mean square) 
based calculations, most actual measurement is taken 
with ARM (Average Responding Meter) test equipment. 
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Unless otherwise noted an average responding meter Is 
used for all AC measurements In this data sheet. 

Basic Circuit Approach 

The LM1897 IC Incorporates a two stage broadband 
design which minimizes noise, attains overall DC stabi
lity and prevents audible transients during turn-on_ 

The first stage is a direct coupled amplifier with an Inter
nal gain of 25VIV (28dB)_ Direct coupling to the tape 
head reduces input source Impedance and external 
component cost by removing the input coupling capaci
tor_ A typical input coupling capacitor of 11lF has a reac
tance of 1_5kQ at 100Hz. The resulting noise due to the 
amplifier's input noise current can dominate the noise 
voltage at the output of the playback system. The input _ 
of the amplifier is biased from a reference voltage that 
is temperat,ure compensated to produce a quiescent DC 
voltage of 2.2V at the output of the first stage. The input 
stage bias current that flows through the tape head is 
kept beiow 21lA in order to prevent any erasure of tape 
,moving past the head. An added advantage of DC 
biasing is the prevention of large current transients 
during the charging of coupling capacitors at turn-on 
and turn-off. 

The second stage provides additional gain and proper 
equalization while preventing audible turn-on transients 
or "pops". The output (Pin 10) is kept low until C2 
charges through A1. When the voltage on C2 gets close 
to the DC voltage on Pin 14, the output rises exponen
tially to its final DC value. The result is a transient-free 
turn-on characteristic. 

Interna,1 diodes are provided to facilitate electronic 
diode switching popular In automotive applications. 

The general test circuit illustrates the topography of the 
system. The components determining the overall fre
quency response are external due to the extreme sensi
tivity when matching a DIN equalization curve. 

Mute Circuit 

The LM1897 can be muted with the addition of two resis
tors and a grounding switch, as shown in Figure 1. When 
the circuit is not muted the additional resistors have no 
effect on the AC performance. They do have an effect on 
the DC Q point however. 

The difference In tlie DC output voltages of the input 
, amplifiers Is applied across the mute resistors (A7) and 
the positive Input resistors (A1). This results In an addi
tional offset at the input of the output amplifiers. To keep 
this offset to a minimum A7 should be as large as pos
sible to achieve effective muting. In all cases A7 should 
be at least ten times A1. A typical val ue of A7is 25 to 50 
times A1. 

Capacitor-Coupled Input 

The LM1897 is intended to be coupled directly to the sig
nal source. Direct coupling permits faster turn-on and 
less low-frequency noise than would be possible with a 
capacltor-coupled Input_ However, there are some appli
cations which require that the signal source be referred 
to ground and coupled to the input through a capacltor_ 
Figure 91s an example of an LM1897 with a capacltor
coupled Input .. As shown, the circuit has a flat frequency 
response and Is suitable for use as a microphone preamp. 

As provides a'DC path for input bias current. The value 
of As should be as low as possible without loading the 
source. A very large value of As can cause excessive DC 
offset at the amplifier output. In order to avoid turn-on 
pops, the Inverting Input of the second amplifier must 
be at a higher voltage than the non-Inverting Input when 
Vee is applied. A10, A11, A12, and 01 ensure that this con
dition will be met. If later stages in the playback system 
employ turn-on muting Circuitry, these extra components 
may not be needed. The value of A10 depends on Vee as 
defined by the following relationship: 

A1o=(Vee- 1)x1k 

AU R3 
lOt: lOOk 

c. 

Figure 9. Microphone Preamplifier with 
Capacitor Coupled Input 

Design Equations 

The overall gain of the circuit is given by: 

~ ~ 1) s+--[ -R4A3 J A4C1 

Ay = 25 ~2(A3 + A4~(S + 1 ~ 
~ (A3 + A4)C1J 

(1) 

Standard cassette tapes require equalization of 
3180,.sec (50Hz) apd 120llsec (1.3kHz). These time con· 
stants result In an AC gain at 1 kHz given by: 

~ A A ~ ~ {3180llsOr50Hz } 
Av(1 kHz) = 25 -(A 4 ~ 1.663 and (2) 

2 3 + 4 120,.s or 1326Hz 

Using the pole and zero locations of the transfer func
tion, the two other equations needed to solve for the 
component values are: 

1 
R4 = 2nC1 (1326 Hz) 

(3) 

A _ 1 _ 1 _ 1 
3 - 2nC1 (50 Hz) 2nC1 (1326 Hz) - 2nC1(51.96) 

(4) 

We can now solve for C1 as a function of A2, or: 

Av(1kHz)= _25-{~nC1;1326J [~nC1(~1.96~}(1.s63) (5) r2 2nC1(50~ 
-4.80 x 10-3 

C1 = AiAv(1 kHz)] 
(6) 
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When chromium dioxide tape Is used, the defined time 
constants are 3180,.sec and 70,.sec. This changes 
equation (3) to: 

1 
R4 = 2nC1 (2274 Hz) (7) 

The value of R3 is normally not changed. This results in 
an error of less than 0.2dB In the low frequency response. 

The output voltage of the LM1897 is set by the input 
amplifier DC voltage at pin 3 or 14, and by R3 and Rs. 

Nominal VOUT (pin 7 or 10) = 2.2 ~ + ::) (8) 

Pins 8 and 9 are biased 0.7 volts less than VOUT (pin 7 or 
10). When these diodes are used the output (pin 7 or 10) 
should be biased at one half the minimum operating 
supply voltage. Equation (8) can be rewritten to solve for 
Rs· 

(9) 

The output voltage of the LM 1897 wiii vary from that 
given in equation (8) due to variations In the Input 
amplifier DC voltage as well as the output amplifier 
input bias current, input offset current and input offset 
voltage. The following equation gives the worst case 
variation In the output voltage. 

(10) 

Using the worst case values in the electrical character· 
Istics reduces this to 

(11) 

The turn·on delay is set by R1 and C2; delay can be 
approximated by: 

Delay Time t = R1 C2 1n (v~:~)(::) (12) 

Example 

If we desire a tape preamp with 100mV output signal 
from a tape head with a nominal output of 0.5 mV at 
1 kHz for standard ferric cassette tape, the external 
components are determined as follows. The value of R2 
is arbltrari Iy set to 10 kQ. 

This minimizes errors due to the output amplifier bias 
currents. 

-4.80 x 10-3 
C1= [-100mV= 2400pF-0.0022,.F 

10kQ L 0.5mV 

Use 0.0022,.F and determine: 

1 
R4= 2nC1(1326) = 54.6kQ - 54.9kQ 1% 

1 
R3 = 2nC~(51.96) = 1.39 MQ -1.4MQ 1 % 

To bias the output amplifier output voltage at 6 volts 
(half supply): 

Rs 2.2(1.4MQ) 811kQ .... 820kQ 
6-2.2 

The maximum variation in the output voltage is found 
using equation (11): ' 

AVOUT= ±1.9 volts 

The low frequency response and turn·on delay deter· 
mine the value of C2. For R1 = 10k and C2 = 10,.F the low 
frequency 3 dB point is 1.6 Hz and the turn·on delay is 
0.4 seconds, from equation (12). 

The complete circuit is shown in Figure 2. A circuit with 
5% components and biased for a minimum supply of 10 
volts Is shown in Figure 1. If additional gain is needed 
R1 and R2 can be reduced without changing the 
frequency response of the circuit. 

Reference 1: CCIR/ARM: A Practical Noise Measure· 
ment Method; by Ray Dolby, David Robinson and Ken· 

. neth Gundry, AES Preprint No. 1353 (F·3). 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

LM2002/LM2002A 8 Watt Audio Power Amplifier 
General Description 
The LM2002 Is a cost effective, high power amplifier 
suited for automotive applications. High current capabili
ty (3.5A) enables the device to drive low il1}pedance loads 
with low distortion. The LM2002 is current limited and 
thermally protected. High voltage protection is available 
(LM2002A) which enables the amplifier to withstand 40V 
transients on its supply. The LM2002 comes in a 5-pin 
TO-220 package. 

Features 
• High peak current capability (3.5A) 
• Large output voltage swing 

Equivalent Schematic 

• Externally programmable gain 
• Wide supply voltage range (5V·20V) 
• Few external parts required 
• Low distortion 
• High input impedance 
• No turn-on transients 
• High voltage protection available (LM2002A) 

• Low noise 
• AC short circuit protected 
• Pin for pin compatible with TDA2002 

r-------~--_.----~~----._--_.----._--_.------_.~Vs 

r-...... ....;:4-o VOUT 

L--4~~~ __ -+ ____ ~~~ __ ~ __ -4 ________ ~ ______ -4~3 GNO 

.INPUT -INPUT 

Connection Diagram Typical Applications 

Plastic Package 

~ .. -"""~, 
: 4 OUTPUT 

3 GROUND 

2 INVERTING INPUT 

, .... ,~." .. , .. 
Order Number LM2002T or LM2002AT 

See NS Package r05A 

10-200 . 

Vs 

Vs 

2DOOpF 

+1 I.U • 
(NOTE 11 

. 4!l 

T U•' "F 



Absolute Maximum Ratings 

Peak Supply Voltage (50 ms) 
LM2002A (Note 2) 40V 
LM2002 25V 

Operating Supply Voltage 20V 

Output Current 
Repelltive 3.5A 
Non-repetitive 4.5A 

Input Voltage ±0.5V 

Power Dissipation (Note3) 15W 
Operating Temperature O·Cto +70·C 

Storage Temperature - 60·C to + 150·C 
LeadTemperature(Soldering,10seconds) 300·C 

Electrical Characteristics Vs = 14.4V, TTAB = 25·C, Av = 100 (40 dB), RL = 4n, u~less otherwise specified 

Parameter Conditions Min Typ Max Units 

DC Output Level 6.4 7.2 8 V 

Quiescent Supply Current Excludes Current in Feedback Resistors 45 80 rnA 

Supply Voltage Range 5 20 V 

Input Resistance 150 kn , 
Bandwidth Gain=40 dB 100 kHz 

Output Power Vs= 13.2V, f = 1 kHz 
RL=4n, THD=10% 4.3 W 
RL=2n, THD=10% 6.5 W 

Vs =13.8V, f=1 kHz 
RL=4n, THD=10% 4.8 W 
RL = 2n, THD = 10% 7.4 W, 

Vs= 14.4V, f= 1 kHz 
RL=4n, THD=10% 4.8 5.2 W 
RL=2n, THD=10% 7 8 W 
RL = 1.6n, THD = 10% 9 W 

Vs= 16V, f= 1 kHz 
RL = 4n, THD = 10% 6.5 W 
RL = 2n, THD = 10% 10 W 
RL=1.6n, THD=10% 10.5 W 

THD Po =2W, RL=4n, f=1 kHz 0.1 % 
Po =4W, RL=2n, f=1 kHz 0.1 % 

Ripple Rejection Rs =50n, f = 100 Hz 30 40 dB 
Rs =50n, f= 1 kHz 44 dB 

Input Noise Voltage Rs = 0, 15 kHz Bandwidth 2 ,..V 

Input Noise Current Rs= 100 kn, 15 kHz Bandwidth 40 pA 

Note 1: A 1.0 resistor and 0.1 I'F capacitor should be placed as close as possible to pins 3 and 4 for stability. 

Nota 2: The LM2002 shuts down above 25V, 

Note 3: For operating at elevated temperatures, the device must be derated based on a 150"C maximum junction temperature and a thermal resistance of 
• 4"CfW junction to case. 
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Typical Performance Characteristics 
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Typical Applications (Continued) 

lOIJF 

SIGNAL ----1 + 
INPUT~ 

Component Layout 

Vs 
t4.4V 

T 
D.2/-!F 

220 

470pF 2.2 

Vee' 

GND 

INPUT· 

16W Bridge Amplifier 

O.lPF~ 

220 

• GROUND~ 

• INPUT 

10-203 

Vs 
t4.4V 

* Slaver V·S 

tM 

tOOk 



~National 
~ Semiconductor 

Audio/Radio Circuits 

LM2877 Dual 4·Watt Power Audio Amplifier 
General Description . 
The LM2877 is a monolithic dual power amplifier· 
designed to deliver 4W Ichannel continuous into 8n 
loads. The LM2877 is designed to operate with a low 
number of external components, and still provide 
flexibility for use in stereo phonographs, tape recorders 
and AM-FM stereo receivers, etc. Each power amplifier 
is biased from a common internal regulator to provide 
high power supply rejection and output Q point cen
tering. The LM2877 is internally compensated for all 
gains greater than 10, and comes in an 11-1ead single-in
line package. The package has been redesigned, result· 
ing in a slightly degraded thermal characteristic shown in 
the figure Device Dissipation vs Ambient Temperature. 

Features 
• 4W/channel 
• -68 dB ripple rejection, output referred 

• -70 dB channel separation, output referred 
• Wide supply range, 6-24V 
• Very low cross-over distortion 
• Low audio band noise 
• AC short circuit protected 

• Internal thermal shutdown 

Applications 
• Multi-channel audio systems 

• Stereo phonographs 
• Tape recorders and players 
• AM-FM radio receivers 
• Servo amplifiers 
• I ntercom systems 
• Automotive products 

Connection Diagram (Single' In-Line Package, Top View) 

BIAS • 
OUTPUT 1 

GN. 

INPUT 1 

FEEDBACK f 

*GND 

FEEDBACKZ 

INPUT 2 

GND 

OUTPUTZ 

y+ 

Equivalent Schematic Diagram 

S 
-FEEDBACK 1 GN. 

s. 

'Ok 

+IN,UT 1 

10-204 

o 

o 
Order Number LM2877P 
See NS Package P11A 

*Pin 6 can be connected to pin 3 or pin 9, 
if not, pin 6 must be left with NO connection. 

+INPUT2 
1 
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Absolute Maximum Ratings 
Supply Voltage 26V 
Input Voltage ±0.7V 
Operating Temperature O°C to +70°C 
Storage Temperature -6SoC to +ISO°C 
Junction Temperature ISOoC 
Lead Temperature (Soldering. 10 seconds) 300°C 

Electrical Characteristics Vs = 20V, TTAB = 25°C, RL = 811, Av = 50 (34 dB) unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Total Supply Current PO=OW 25 50 mA 

Operating Supply Voltage 6 24 V 

Output Power/Channel f = 1 kHz, THO = 10%, TTAB = 25°C 

Vs = 20V 4.0 4.5 W 
\1 ... _ 10\1 3.6 IN ." ._. 
VS=12V,RL=411 1.5 1.9 W 

Distortion, THD f = 1 kHz, Vs = 20V 

Po = 50 mW/Channel 0.1 % 

Po = 1W/Channel 0.07 % 

Po = 2W/Channel 0.07 1 % 

f = 1 kHz, Vs = 12V, RL = 4 11 

Po = 50 mW/Channel 0.25 % 

Po = 500 mW/Channel 0.20 % 

Po = 1W/Channel 0.15 1 % 

Output Swing RL = 8 11 Vg-4 Vp-p 

Channel Separation CF = 50 I-lF, CIN = 0:1 I-lF, f = 1 kHz, 

Output Referred 

Vs = 20V, Vo = 4 Vrms -50 -70 dB 

Vs = 7V, Vo = 0.5 Vrms -60 dB 

PSRR Power Supply CF = 50l-lF, CIN = 0.1 I-lF, f= 120 Hz, 

Rejection Ratio Output Referred 

Vs = 20V, VRIPPLE = 1 Vrms -50 -68 dB 

Vs = 7V, VRIPPLE = 0.5 Vrms -40 dB 

Noise Equivalent Input Noise 

RS = 0, CIN = 0.1 I-lF, BW = 20 Hz-20 kHz 2.5 I-lV 

Output Noise Wideband 

RS = 0, CIN = 0.1 I-lF, AV = 200 0.80 mV 

Open Loop Gain RS= 0, f= 1 kHz, RL = 811 70 dB 

Input Offset Voltage 15 mV 

Input Bias Current 50 nA 

Input Impedance Open Loop 4 M11 

DC Output Level Vs = 20V 9 .10 11 V 

Slew Rate 2.0 V/I-ls 

Power Bandwidth 65 kHz 

Current Limit 1.0 A 

Note 1: For operation at ambient temperature greater than 25°C. the LM2877 must be derated based on a maximum 150°C junction temper-
ature using a thermal resistance which depends upon device mounting techniques. 
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Typical Performance Characteristics 
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Typical Applications 
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Typical Applications (Continued) 

Stereo Amplifier with AV = 200 
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Typical Applications (Continued) 

Window Comparator Driving High, Low Lamps 

r---~--------~t-----~--~+v 

VIN 2k 

10 
1/2 LM2811 

L-!J+ £: 
V~'6'9 

TRUTH TABLE 

VIN 
< 1/4 V+ 
1/4 V+ to 3/4 V+ 
>3/4 V+ 

Application Hints 
The LM2877 is an improved LM377 in typical audio ap
plications. In the LM2877, the internal voltage regulator 
for the input stage is generated from the voltage on pin 1. 
Normally the inputs cannot common·mode more than 
0.7V above this pin 1 voltage. Nevertheless the common· 
mode range can be increased by externally forcing the 
voltage on pin 1. One way to do th is is to short pin 1 to 
the positive supply, pin· 11. . 

lOOk 

15V 

High Low 
Off On 
Off Off 
On Off 

\ 

The only special care required with the LM2877 is to 
limit the maximum input differential voltage to ±7V. If 
this differential voltage is exceeded, the input character
istics may alter. 

Figure 1 shows a power op amp application with AV = 1-
The lOOk and 10k resistors set" a noise gain of 10 and are 
dictated by amplifier stability. The 10k resistor is boot· 
strapped by the feedback so the input resistance is dom
inated by the 1 Mn resistor. 

,>2~ __ -o VOUT 

TO.1JlF 

FIGURE 1 
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..J 

LM2878 DualS Watt Power Audio Amplifier 

General DesC?ription 
The LM2878 is a high voltage stereo power amplifier 
designed to deliver 5 W /channel continuous irito 8{lloads. 
The amplifier is ideal for use with low regulation power 
supplies due to the absolute maximum rating of 35V and 
its superior power supply rejection. The LM2878 is de
signed to operate with a low number of external com
ponents, and still provide flexibility for use in stereo 
phonographs, tape recorders, and AM-FM stereo receiv
ers. The flexibility of the LM2878 allows it to be used as a 
power operational amplifier, power comparator or servo 
amplifier. The LM2878 is internally compensated for all 
gains greater than 10, and comes in an 11-lead single- . 
in-line package (SIP). The package has been redesigned, 
resulting in the slightly degraded thermal character
istics shown in the figure Device Dissipation vs Ambient 
Temperature. 

Typical Applications 

lk 

Slk 

S10k 
......... W'y--1~K'00k 

10k 

-+ rir ' 
':'" . I ':' . 

STEREO 
CERAMIC 

CARTRIDGE 

I 
I 
I 
I 
I 

ft 
Slk 

Features 
• Wide operating range 6V-32V 
• 5 W/channel output 
• 60 dB ripple rejection, output referred 
• 70 dB channel separation, output referred 
• Low crossover distortion 
• AC short circuit protected 
• Internal thermal shutdown 

Applications 
• Stereo phonographs 
• AM-FM radio receivers 
• Power op amp, power comparator 
• Servo amplifiers 

65 

55 

45 

35 

25 

15 

Frequency Response . 
of Bass Tone Control 

;;0;;; ~AXIMUM BOOST 
- ~E~PDNSE 

CDNT~~~EF~ 
1/ 

'--
:2 AAXIMUM 

7' -~~~PONSE 
1 

20 50 100 200 500 lk 2k 5k 10k 20k 

FREQUENCY (Hz) 

FIGURE 1_ Stereo Phonograph Amplifier with Bass Tone Control 
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Absolute Maximum Ratings 

Supply Voltage 35V 

Input Voltage (Note 1) ±0.7V 

Operating Temperature(Note2) 0·Ct070·C 

Storage Temperature -65·Cto150·C 

Junction Temperature 150·C 

Lead Temperature(Soldering, 10 seconds) 300·C 

Electrical Characteristics Vs = 22V, TTAB = 25·C, RL = SD, Av= 50 (34 dB) unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Total Supply Current Po=OW 10 50 mA 

Operating Supply Voltage 6 32 V 

Uutput l"'owerJvnannel T=l KHZ, IHU= 10"/o,ITAB=~o-G " 
- - 'v'v' "." 

Distortion f= 1 kHz, RL=81l 
Po =50 mW 0.20 % 
Po =0.5W 0.15 % 
Po=2W 0.14 % 

Output Swing RL=8D Vs -6V Vp-p 

Channel Separation CBYPASS = 50 I'F, CIN = 0.1 I'F -50 -70 dB 
f = 1 kHz, Output Referred 
Vo=4 Vrms 

PSRR Power Supply CBYPASS = 50 I'F, CIN = O.lI'F -50 -60 dB 
Rejection Ratio f = 120 Hz, Output Referred 

V ripple = 1 Vrms 

PSRR Negative Supply Measured at DC, Input Referred -60 dB 

Common-Mode Range Split Supplies ± 15V, Pin 1 ± 13.5 V 
Tied to Pin 11 

Input Offset Voltage 10 mV 

Noise Equivalent Input Noise 
Rs= 0, CIN = O.lI'F 

BW = 20 - 20 kHz 2.5 I'V 
CCIR'ARM 3.0 I'V 

Output Noise Wide band 0.8 mV 
Rs = 0, CIN = O.lI'F, Av = 200 

Open Loop Gain Rs=5W, f= 1 kHz, RL =8D 70 dB 

Input Bias C.urrent 100 nA 

Input Impedance Open Loop 4 Mil 

DC Output Voltage Vs=22V 10 11 12 V 

Slew Rate 2 VII's 

Power Bandwidth 3 dB Bandwidth at 2.5W 65 kHz 

Current Limit 1.5 A 

Note 1: :t O.7V applies to audio applications; for extended range, see Application Hints. 

Note 2: For operation at ambient temperature greater than 25 a C, the LM2878 must be derated based on a maximum 150°C junction temperature using ather· 
mal resistance which depends upon device mounting techniques. 
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Typical Performance Characteristics 
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Equivalent Schematic Diagram 

65 
-FEEDBACK 1 

Connection Diagram 

Slngle-In-Llne Package 

BIAS • 

OUTPUT 1 

GND 

INPUT 1 

FEEDBACK 1 

*GND 

FEEDBACK2 

TOP VIEW 

• Pin 6 can be connected to pin 3 or pin 9, 
If not, pin 6 must be left with NO connection. 

Order Number LM2878P 
See NS Package P11A 

6. 
GND 

o 

o 

5. 

3Dk 

5. 

6_ 61 68 67 
+INPUT 1 +INPUT 2 -FEEDBACK 2 

Application Hints 
The LM2878 Is an improved LM378 in typical audio ap· 
plications.ln the LM2878, the internal voltage regulator for 
the input stage is generated from the voltage on pin 1. Nor· 
mally the inputs cannot common·mode more than 0.7V 
above this pin 1 voltage. Nevertheless the common·mode 
range can be increased by externally forcing the voltage 
on pin 1. One way to do this is to short pin 1 to the positive 
supply, pin 11. 

The only special care required with the LM2878 is to limit 
the maximum input differential voltage to ± 7V.lf this dif· 
ferential voltage is exceeded, the input characteristics 
may alter. 

Figure 2 shows a power op amp application with Av= 1. 
The 100k and 10k resistors set a noise gain of 10 and are 

. dictated by amplifier stability. The 10k resistor is 
bootstrapped I;ly the feedback so the input resistance is 
dominated by the 1 Mil resistor. 

100k 

15V 

10' .>=-.... -oVO"1 

2.7n 

1M 
-15V T D•, ., 

FIGURE 2. Operational Power Amplifier, Av= 1 
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External Components (Figure 3) 

1. R2,R5,R7,R10 SetsvoltagegainAv = 1 + R2/R5 forone 
channel and Av= 1 + R10/R7 for the 
other channel. 

2. R4,R8 

3. Ro 

4. C1 

5. C11 

Resistors set input impedance and sup· 
ply bias current for the positive input. 

Works with Co to stabilize output stage. 

Improves power supply rejection (see 
Typical Performance Characteristics). 

Stabilizes amplifier, may need to 
be larger depending on power supply 
filtering. 

Typical Applications (Continued) 

Vs 

R2 
lOOk 

C2 
500pF 

6. C4,C8 

7. C5,C7 

8. Co 

9. C2,C10 

+1 RO RL 

RIO 
R7 lOOk 
510 

+ 
C7 

T 10 llF 

2.m an 

-LcD ..L T O.1.uF":' 

FIGURE 3. Stereo Amplifier with Av = 200 
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lOOk 

-= 

Input coupling capacitor. Pins 4 and 8 
are at a DC potential of Vs/2. Low fre· 
q~ency pole set by: 

f _ 1 
L- 27l"R4C4 

Feedback capacitors. Ensure unity 
gain at DC. Also low frequency pole at: 

f _ 1 
L- 27l"R5C5 

Works with Ro to stabilize output stage. 

Output coupling capacitor. Low fre
quency pole given by: 

f _ 1 
L- 27l"RLC2 

15V 
0.1 pF 

~ 
10k 

20n 
MOTOR 

lOOk 
1m 
To.1PF 

10k 

FIGURE 4. LM2878 Servo Amplifier 
in Bridge Configuration 



Typical Applications (Continued) 

r--1~------~----9---O+V 

1k 

TRUTH TABLE 

VIN High Low 

< 114 V+ Off On 
VIN 114 V+ to 3/4 V+ Off Off 

> 3/4 V+ On Off 

10 

C'lnIIDC't: '.11 ...... _ .•. 1" ___ ............. n .. I .. I __ u=_'" I _ ••. 1 ___ _ 
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~National 
~ Semiconductor 

LM3011 Wide Band Amplifier 
General Description 
The LM3011 is a monolithic wide band amplifier 
circuit that requires a minimum of external 
components for operation. It includes three stages 
of limiting. 

Schematic Diagram 

Audio/Radio Circuits 

Features 
• A direct replacement for CA3011 

• High amplifier gain 

• Excellent limiting characteristics 

• Wide frequency capability 

r-----<.-,,.-.... --.... --..... OOlD 

., 

.6 

Block Diagram 

If] INPUT >!.¢-----<~_o ~UTPUT 

10·216 

RB R9 

.11 

Connection Diagram 

Metal Can Package 

v" 

OUTPUT 

Order Number LM3011H 
See NS Package Hl0C 



Absolute Maximum Ratings 

Supply Voltage 15V 
Input Sign.1 (Pin 1) ±3V 

Operating Temperature Range 
Storage Temperature Range 

Power Dissipation (Note 1) 715 mW lead Temperature (SoJ'dering, 10 sec) 

Electrical Characteristics IT A = 25°C) 

PARAMETER CONDITIONS 

STATIC CHARACTERISTICS 

Total Device Dissipation IPT } 

10tal Device Dissipation IPT ) 

Vee == 6V (Figure 1) 

Vee'" 7.SV (Figure lJ 

DYNAMIC CHARACTERISTICS Vee" 7 .5V, F = 4.5 MHz, unless otherwise noted 

Voltage Gain (AI 

Voltage Gain (AI 

Voltage Gain (AI 

Parallel Input Resistance lA,N) 

Parallel Input Capacitance (e IN ) 

Parallel Output Resistance (ROUT) 

Parallel Output Capacitance (COUT ) 

Noise Figure (NFl 

Input Limiting Voltage (V'N(L<md 

Vee'" 6V, f::: 1 MHz (Figure 2) 

Vee = 7.5V, f '" 1 MHz (Figure 2) 

Vee::: 7.SV, f = 10.7 MHz (Figure 21 

(-3 dBI (F,gure 21 

60 66 

65 70 

55 61 

~I.:.J 

4.2 

8.7 

300 

-5SQ C to +7SQ C 
-6SoC to +l50°C 

300°C 

UNITS 

mW 

mW 

dB 

dB 

dB 

kQ 

pF 

":!1 

pF 

dB 

400 p.V 

Note, 1: For operation in ambient temperatures above 2~ C, the device must be derated based on a 1500 C maximum junction 
temperature and a thermal resistance of 17ft elW junction to ambient. 

Test Circuits 

.----.-0 +Vcc 

r-
s: g 
..... 

+Vee D 
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~National 
~ Semiconductor 

Audio/Radio Circuit$ 

LM3075 FM Detector/Limiter and Audio Preamplifier 

General Description 
The LM3075 is a monolithic integrated circuit 
FM detectorllimiter and audio preamplifier that 
requires a minimum of external components for 
operation. It includes three stages of IF limiting 
and a differential·peak·detection circuit. 

Features 
• A direct replacement for the CA3075 

Schematic Diagram 

Block Diagram 

• Simple detector alignment: one coil 

• Sensitivity: 3 dB limiting voltage 250 JJ.V typical 
at 10.7 MHz 

.. Low harmonic distortion 

• Excellent AM rejection 55 dB typo at 10.7 MHz 

• Internal audio preamplifier 

An resistantlWlluesue in ohms. 
All apacitanct nlues.re in pF. 

Order Number LM3075N 
See NS Package N14A 

Order Number LM3075N·01 
See NS Package N14C 

Typical Application 



Absolute Maximum Ratings 
Power Supply Current (Pin 5) 
Supply Voltage (Pin 5) 

30mA 
12.5V 

715mW 

Operating Temperature Range -<10°C to +85°C 
Storage Temperature Range -u5°C to +150°C 

Power Dissipation (Note 1) Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics T A = 25°C 

PARAMETER 

STATIC CHARACTERISTICS 

Supply Current I, 

Detector Output Level (High) V] 

Detector Output level (Low) VB 

AudiO Amplifier Output Level V 12 

CONDITIONS 

Vee:: S.SV 

Vee'" 11.2V 
Vee = 12.5V 

Vee"" 11.2V 

DYNAMIC CHARACTERISTICS AT v+ == 11.2V, fo'" 10.7 MHz,,M'" ±7S kHz, fm =400 Hz 

Input Limiting Threshold 

AM Rejection 

Aec.overed AF Voltage 
(At Terminal 121 

Total HarmOniC Distortion 

AudiO Preamplifier 

Voltage Gam 

Total HarmOniC D1stortlon 

V'N(LIMI 

AMR 

Va (AFI 

THO 

AV(aU 

THO 

AM: , kHz@30% 
V,..., = loomV 

VfN :: 100 mV, f:: 400 Hz 

VOUT :: 2V, f'" 400 Hz 

UNITS 

8.5 15 rnA 
17.5 rnA 
19 29 rnA 

6.1 V 

5.4 V 

5.2 V 

250 600 .v 

55 d8 

1.5 V 

% 

21 d8 

1.5 % 

Note 1: For operation in ambient temperatures above 2SoC. the device must be derated based on a 15ctC maximum junction 
temperature and a thermal resistance of 17S'C!W junction to ambient. 

Test Circuits 
'l, 

33pF 

," 

Os..F 
-l. MIllER 4505 OR EOUIVALENT 

-·R:3lk!!ORSUCHVAlUETO 
ADJUSTOOfCDlL TOS5 ""'1' .OK 

TEST CIRCUIT 1 

V': 11.2V 

TEST CIRCUIT 2 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

LM3089 FM Receiver IF System 

General Description 
The LM3089 has been designed to provide all the major 
functions required for modern FM I F designs of auto
motive, high-fidelity and communications receivers. 

Features 
• Three stage IF amplifier/limiter provides 12/-1V (typ) 

-3 dB limiting sensitivity 
• Balanced product detector and audio amplifier pro

vide 400 mV (typ) of recovered audio with distortion 
as low as 0.1 % with proper external coil de·signs 

Block and Connection Diagram 

• Four internal carrier level detectors provide delayed 
AGC signal to tuner, IF level meter drive current and 
interchannel mute control 

• AFC amplifier provides AFC current for tuner and/or 
center tuning meters 

• Improved operating and temperature performance, 
especially when using high Q quadrature coils in 
narrow band FM communications receivers 

• No mute circuit latchup problems 
• A direct replacement for CA3089E 

r------, 
I-I 

I ""f I I I 
I I 
L .J 

lD.7MHz 
INPUT 

v' 
,......,,"--+~W_.REf 

IF OUTPUT QUAD 3 9k BIAS 
INPUT t 9::,,:---...... .,..----, 

,,. 

.L 
D.Ol~F 

DELAYED 
A'CfOR +--1>-4>'-i+-! 

RFAMPLIFIER 

Dual-In-Line Package 

TUNE MUTE REF QUAD 
NC AGC GND METER LOGIC BIAS INPUT 

IF IN DECOUPLE IF BIAS IF GNO MUTE AUDIO AFC IF 
INPUT OUT OUT OUT 

TOP VIEW 
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Order Number LM3089N· 
See NS Package N16E 



Absolute Maximum Ratings 
Supply Voltage Between Pin 11 and Pins 4, '4 +16V Power Dissipation {Note 21 1390 mW 
DC Current Out of Pm 12 SmA Operatmg Temperature Range -40°C to +8So C 
DC Current Out of Pin 13 SmA Storage Temperature Range -6SoC to +lS0°C 

DC Current Out of Pin 15 2mA Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (TA = 25°C, VCC = +12V, see Test Circuit) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

DC CHARACTERISTICS (VIN = 0, NOT MUTED) 

I" Supply Current 16 23 30 rnA 

Vl, 2, 3 IF Input and Bias 1.2 1.9 2.4 V 

V6 Aud io Output 5.0 5.6 6.0 V 

V7 AFC Output 5.0 5.6 6.0 V 

Vl0 Reference Bias 5.0 5.6 6.0 V 

V12 Mute Control 5.0 5.4 6.0 V 

'.'13 !!= !....e'!e! (1 0<; \I 

V15 Delayed AGC I I 4.2 I 4.7 I 5.3 I V 

DYNAMIC CHARACTERISTICS fo = 10.7 MHz, t;t = ±75 kHz @400 Hz 

VIN(LlM) Input Limiting -3 dB 12 25 I1V 

AMR AM Rejection VIN = 100 mV, AM: 30% 45 55 -dB 

VO(AF) Recovered Audio VIN = 10 mV 300 400 500 mVrms 

THD Total Harmonic Distortion 

Single Tuned (Note 1) VIN = 100 mV 0.5 1.0 % 

Double Tuned (Note 11 VIN = 100mV 0.1 0.3 % 

S+N/N Signal to Noise R~tio VIN = 100 mV 60 70 dB 

V12 Mute Control VIN = 100 mV 0 0.5 V 

V13 IF Level VIN = 100mV 4.0 5.0 6.0 V 

V13 I F Level VIN = 500l1V 1.0 1.5 2.0 V 

V15 Delayed AGC VIN = 100 mV 0.1 0.5 V 

V15 Delayed AGC VIN = 30 mV 2.5 V 

VO(AFI Audio Muted VIN = 100 mV, V5 = +2.5V 60 -dB 

Note 1: Distortion is a function of quadrature coil used. 
Note 2: For operation in ambie~t temperatures above 2SoC, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 90°C!W junction to ambient. 

J Typical Performance Characteristics 
Typical AGe (Pin 15) and 

Typical 5 + N/N and IF Limiting Meter Output (Pin 13) V5 AM Rejection 130% Mod) vs 
Sensitivity vs I F Input Signal IF Input Signal IF Input Signal 

00 

6 § AUDIO OUTPUT, 15 kHz DEVIATION 
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Typical Performance Characteristics (Continued) 
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r----

'" \. 

'\ 
\ 
~ 

2 3 10 20 30 50 100 

IF INPUT VOLTAGE -"v 

AC/DC Test Circuit 
3k ."DOUBLE TUNED 

·SINGlE TUNED 
DETECTOR COil ~ ... -----, 

Im~: I 100,F I 
I I 
I I 
L _.:.. _J 

J.9k . 

. ~ DETECTOR COIL ,.. ---. 
I 100,F I 
I I 
I , 
I I 
I I 
I I :t1- : I 100,F I 
I I 
I I L ___ J 

8.211. 

*For single tuned detector coil: 
LO tunes with 100 pF at 10.7 MHz 
QUL (unloaded) '" 75 
QL (loaded) '" 13 for V9 '" 150 mVrms 

"'*For double tuned detector coil: 

QULPRI = QULSEC '" 75 
kQ", 0.7 for V9 eo 150 mVrms 

Note: 
The recovered audio output voltage will be approximately 0.5 dB 
less when using the double tuned detector coil. 

For proper operation of the mute circuit, the R F voltage at pin 9 
should be 150 mVrms ±30 mY. 
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~ ~National 
:E ~ Semiconductor 

Audio/Radio Circuits 

..J 

LM3189 FM I F System 

General Description 
The Ltv13189N is a monolithic integrated circuit that pro
vides all the functions of a comprehensive FM IF system. 
The block diagram of the LM3189N includes a three stage 
FM IF amplifier/limiter configuration with level detectors 
for each stage, a doutlly balanced quadrature FM detector 
and an audio amplifier that features the optional use of a 
muting (squelch) circuit. . 

The advanced circuit design of the IF system includes 
desirable deluxe features such as programmable delayed 
AGC for the RF tuner, an AFC drive circuit, and an output 
signal to drive a tuning meter and/or provide stereo switch· 
ing logic. In addition, internal power supply regulators 
maintain a nearly constant current drain over the voltage 
supply range of + 8.5V to + 16V. 

The LM3189N is ideal for high fidelity operation. Distortion 
in an LM3189N FM IF system is primarily a function of the 
phase linearity characteristic of the outboard detectorcoi I. 

The LM3189N has all the features of the LM3039N plus 
additions. 

The LM3189N utilizes the 16·lead dual-in-line plastic 
package and can operate over the ambient temperature 
range of - 40"C to + 85 "C. 

Block Diagram 

v' 

Features 
• Exceptional limiting sensitivity: 12!'Vtypat - 3dB point 
• Low distortion: 0.1 % typ (with double·tuned coil) 

• Single-coil tuning capability 
• Improved (S + N)/N ratio 
• Externally programmable recovered audio level 
• Provides specific signal for control of inter·channel 

muting (squelch) 
• Provides specific signal fordirect driveof a tuning meter 

• On channel step for search control 
• Provides programmable AGC voltage for RF amplifier 
• Provides a specific circuit for flexible audio output 

• Internal supply voltage regulators 
• Externally programmable ON chamiel step width, and 

deviation at which muting occurs 

10 INTERNAL 11 
REGULATORS 

IF oul OUADR~1~~~ 9 

LMl189N 

DELAY£D 
AGe FOR~~"::+-I 
RFAMPL 

" '" 

" 
'" 

All resistance values are in ohms 
• L tunes with 100 pF (C) at 10.7 MHz, Qo .. 75 

(Toko No. KACS K586HM or equivalent) 

13 TO STEREO 

'}-JVl,,"', "-~T:::U:::.'.:::G~M:::ET:::ER:-I..o~~~~~~~icDUITS 
OUTPUT 
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INDICATOR 

H2O 

7 AFC 
OUTPUT 

AUDIO 
OUTPUT 

12 

5k 

22k 

MUTING 
SENSITIVITY 



Absolute Maximum Ratings 
Supply Voltage Between Pin11 and Pins4, 14 16V 
OCCurrent Outot Pin 12 5mA 

DC Current Out ot Pin 13 5mA 

DC Current Outot Pin 15 2mA 
Power Dissipation (Note2) 1390mW 

Operating Temperature Range -40"Cto +S5"C 
Storage Temperature Range -65"Cto+150"C 
Lead Temperature(Soldering, 10 seconds) 300"C 

Electrical Characteristics TA = 25"C, v+ = 12V 

Symbol Parameter 
Conditions 

Min Typ Max Units 
(see slngle·tuned test circuit) 

STATIC (DC) CHARACTERISTICS 

111 Quiescent Circuit Current 20 31 44 mA 

DC Voltages: 
V1 Terminal 1 (IF Input) 1.2 2.0 2.4 V 
V2 Terminal 2 (AC Return to Input) No Signal Input, Non Muted 1.2 2.0 2.4 V 
V3 

I 
Terminal 3 (DC Bias to Input) 1.2 2.0 

I 
2.4 

I 
V 

V15 Terminal 15 (RF AGC) 7.5 9.5 11 V 
V10 Terminal 10 (DC Reference) 5 5.75 6 V 

DYNAMIC CHARACTERISTICS 

V1(lim) Input Limiting Voltage ( - 3 dB Point) 12 25 p.V 

AMR AM Rejection (Term. 6) V1N =0.1V 45 55 dB 

Vo(AF) Recovered AF Voltage (Term. 6) AM Mod.=30% fo=10.7 MHz, 325 500 650 mV 

THO Total Harmonic Distortion (Note 1) fmod =400 Hz, 
Single Tuned (Term. 6) Deviation ± 75 kHz 0.5 1 % 
Double Tuned (Term. 6) 0.1 % 

S+N/N Signal plus Noise to Noise Ratio 
V1N =0.1V 

(Term. 6) 
65 SO dB 

'OEV Deviation Mute Frequency 'mod=O ±40 kHz 

V16 RF AGC Threshold 1.25 V 

V12 On Channel Step V1N =0.1V fOE\!< ± 40 kHz 0 
V 

fOEV> ± 40 kHz 5.6 

Nota 1: THO characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 

Note 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance of 90 "efW junction to ambient. 

Connection Diagram Dual·ln·Line Package 
TUNE MUTE REF QUAD 

AGC AGC GNO METER LOGIC VCC BIAS INPUT 

116 115 114 113 112 111 110 19 

D 

J~ OEC}:PLE 
IIF' 

IF to MJ: Au!:O J: 'F
B 

BIAS INPUT OUT OUT OUT 

TOP VIEW 

Order Number LM3189N 
See NS Package N16E 
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Test Circuits 
Test Circuit for LM3189N Using a Single·Tuned Detector Coil 

All resistance 'values are in ohms 
• L tunes with 100 pF (C) at 10.7 MHz, 0o(un

loaded)=75 (Toko No. KACS K586HM or 
equivalent) 

•• C = 0.01 ,F for 50 pS de-emphasis (Europe) 
= 0.Q15 ,F for 75,s de·emphasls (USA) 

0.01 pF 

SIGNALiH 
INPUT 

VOLTAGE ':" 

TO 
PIN 13 

,----, 
I L* I 
I C I 
I ·100 pF I 

8.2k 

L J 
3.9k 

5k ~10PF 

~"::"'--------4""'-+~~~;~T 

'1""** 
470..1 

':" 10k rO.33PF 

TUNING METER 
150J.l.A 
FULL· SCALE 

Test Circuit for LM3189N Using a Double·Tuned Detector Coil 

All resistance values are In ohms 

*T:PRI-Oo(unloaded)=75 (tunes with 100 pF 
(Cl)) 20t of 34e on 7/32" dia form 
SEC-Oo(unloaded)=75 (tunes with 100 pF 
(C2)) 20t of 34e on 7/32" dla form 
kQ(percent of critical coupllng)=700/0 
(adjusted for coil voltage VC) = 150 mV 
Above values permit proper operation of mute 
(squelch) circuit "E" type slugs, spacing 4mm 

•• C = 0.01 pF for 50 pS de-emphasis (Europe) 
= 0.015 pF for 75,s de-emphasis (USA) 

0.01 J.lF 

SIGNALiH 
INPUT 

VOLTAGE ':" 

v+ = 12V 

51 

0.01 pF 2 

*,O.OI PF 

PIN~~+--"" 
47k 

r----, 
I 3k I l81jl I I 100 pF I 
I I i I I 
I -T*_ I 
I I 
I C2 I 
I 100 pF I 

B.2k 

AFC 
OUTPUT 

J 

8.2k 

5k ~10PF 

> ..... -------... --+ ~~~~~T 
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Complete FM IF System for High Quality Tuners 

The circuit provides a complete FM IF system for a high 
quality receiver. Either one or two stages of amplification 
and bandpass filtering may be desired, depending on the 

receiver requirements. See graph for Typical Limiting and 
Noise Characteristics for each circuit configuration which 
can be compared to the LM3189N alone. 

Complete FM IF System for High Quality Receivers 

1.8k 

r-~~----~JV~-t----~~-----------------------------------o12V 

3.3k 390 

2.2k 

I nF 

~
10.7MHZ 

FROM 
TUNER 

All resistance values are in ohms 

3.3k 390 

CF: Ceramic fillers. Toko CSFE or equivalent 

• L tunes with tOO pF (C) at 10.7 MHz 0o(un· 
loaded)a75 (Toko No. KACS K586 HM or 
equivalent) 

~lonF 

tOnF 

10nF 

RF AGe 

47 

22pH 

r---;;- -1 
I 100pF I 
I I L _____ -1 

3.9k 8.2k 
r-y-..,,-t ....... V\I"'"" ......... Mrl~~-----t_-+AFT 

">,..::.. __________ .. ______ ....... AUDIO 

3.9nF 

Printed Circuit Board and Component Layout 

10·227 

. mil 



Typical Performance Characteristics 

Typical Audio Attenuation 
AM Rejection (30% ModI vs Mute Control Output (Pin 61 vs Mute Input .' 

IF Input Signal (Pin 121 vs IF Input Signal Voltage (Pin 5) 

" 6 -10 
is ; 0 " 0 5~-.. 
" -10 E 'r-... 

.. 10 ~ z \ 0:- '" ~m -20 g g 
>:!! 4 20 ,,- ~ .. \ ~g -3~ .. t\. " 3D \ .. ;:: 
"''' -40 ~ 3 ::i .:.~ - " ~ 

40 
\ ~Q -50 

\ 
> 

",- 5 2 50 m'" 
~" -60 

I\. II ~ .. 
e~ 

-70 " \. " 60 
5 " 1 g 1\ 
~ ...... .. 70 

\ " 0 80 " 1 10 100 lk 10k lOOk 1000k 1 2 3 5 10 20 3D 60 100 0 0.5 1 1.6 2 2.5 3 

IF INPUT VOLTAGE I"V) IF INPUT VOLTAGE ",V) MUTE INPUT VOLTAGE IPiN 5) IV) 

Muting Action, Tuner AGC, AFC Characteristics 
and Tuning Meter Output (Current at Term 7 as a 
as a Function of Input Function of Change In 
Signal Voltage Frequency) 

~ 0 
RECDVEREOAUDIO 

10 DC PDwtR SVPPL V v+ • lZY " ~ii TUMRAGtDt FRO'UlIll C AMBlEHT TEMPERATURE T A ~ 2SoC f---
z~ 

,,"QLlAGEAT DUTI'IlTILEfT 3 SEE SINGLE TUNED TEST CIRCUIT ,,- -10 f--- TERIIlNAlND15 COOROIIiATEI 
8 ~ 

~ 
f---... ~ /fIIGHTeO-ORDINATEI 

~~ 
II'tIl 11 TO PIN Ul ~ 

200 /r-I: I 
c 
'" !;ti -20 t-- e$~:;JAGESU",lY .6 " iE 150 

1/ ,,~ n 0: 

5!~ AMiIENTTEMKRATURE ~ ~ '00 / "" 
' .. -.25·C 

;;j " "" -30 t-- SEE IINGU TUIEO 4 ... 60 
C" TESltllltU!T !; V 
~= I.. .... ~I .-' 

... 0 
/ ""t:."\"t, .. t» ~ -60 ~" -40 

rJ"\~ 
2 '" V > ... '1"11 ~t.Gt."'G\ '" ~c( \WofotA1. B -100 

/ 
-50 0 -150 

1 ,0 100 'k 'Ok 'OOk -,00 -50 0 50 ,00 ,50 

,INPUT SIGNAL ",V) <lof - CHANGE. IN FREQUENCY 1kHz) 

: 

Deviation Mute Threshold 
as a Function of Load 
Resistance (Between Term Typical Limiting and Noise 
7 and Term 101 Characteristics 

~ DC SUPPLY VOLTAGE v+ • ,2V 
" 

I I 
~ AM81ENTTEMPERATURE TA =25"C I SlGIIAlDlV1AlIDII-n.H. 

" ;; 0 
~ p r-~LM.11~NDlIlyl " ,40 :!! -'0 5 \ 5 ___ LMllUN'RECEDlDlV 

'20 ~ -20 
~ 

r- _._._ ~:'~-::::E~:~~~T::E 
'" \ " ImURAIIOGAINSlAGIS ... 

'00 " -30 
~ \ ~ \ I, => 80 > -40 

" ~ 'I'~'"'' z 60 -50 
" "- , .. !i 40 '" -60 

~ 20 r--. -70 '. "-
r'·~ 0 -80 

0 5 10 '5' 20 25 , 10 ,02 '03 104 ,05 

LOAD RESISTANCE SIGNAL LEVEL "'V) 
IBETWEEN TERM 7 AND TERM '0) IUl) 
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Schematic Diagram 

11 

R9 )., )., .Ok 

~~ZI"- "-
~ 

.". 
RIO Rl1 ,. ,. 

R. R. 

." ,. 2k ~: ,....1]1 

¥o~. }.i~ ~ 
RI3A 
2k2 alA 

V.3 
~ .. ~yR~:~ ~ .. 010011 

IF 
INPUT 

IF 
GND 

.. , .. 
• 

R5 .. 
3k9 R. 

• 

,lY 
m 

R' "-3 m 

R' R3 R, 

'" ", to, 

• 

~ 
10k 

0101 

D. 

1k 
n'08~ 

o!!-
... 
Ok3 rt:1 06',1-C6 

3" 

"BO : ." .BI 
" • 3D' 1'5 

"=' "=' 

" 

....... \2 

"-
RI3 RI4 RI2 R, 
2k2 33D 2k' IS' 

R5:.l 
.DO 

.15 

~ 

.,l 
~ 

0641-C7 
3" 

.6D 063' 

OS, .62 

.52 R53 
62' ." 

.". ':' 
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J." 1..0 
~ -RIB R" ,. 2k 

~Q21 

~.22 
R23 RU 

.. ~ 2k 750 

ltE'- '-PJ-
R24 
510 

014 013 

rl ;;; .j-r; .... .~~. 
2k'~~y 2k . 

V.IB 

"-
R16 RI7 R" 

'" ", 2k7 

Re 

J:"" 
"" '0 IS' '" " 

.n 

~'6 
...... 

.". 

~ ... 
Q6~1-C8 .61 RSIA 

Iv 3" 5k1 1k 

\ .. , 
.". , .. Oil .66 

• 7B 067 . 

'56 "62 

'" 5k1 

':' ':' 

~ 072 

CID 

" r 34PF 



m 2; Schematic Diagram (Continued) 
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~National Audio/Radio Circuits 
~ Semiconductor 

LM3820 AM Radio System 

General Description 
The LM3820 is a 3-stage AM radio IC consisting of an RF 
amplifier, oscillator, mixer, IF amplifier, AGC detector, and 
zener regulator. 

Features 
• Input protection diodes 
• Good control on sensitivity 

• Improved SIN and tweet 
The device was originally designed for use in slug-tuned 
auto radio applications, but is also suitable for capacitor
tuned portable radios. 

• Versatile building-block approach 

• Gain-controlled RF stage 
• Cascode IF amplifier 

The LM3820 is an improved replacement for the LM1820. • Regulated supply 

Connection Diagram 

Circuit Schematic 

11 

R4 
Z5k 

RI 
950 

RZ 
Z10 

R3 
Z5k 

R5 
520 

• Pin r.om!,,,tible with LM1820 

Dual-In-Line Package 

MIXER INPUT ...,_C=::J-r'4:.. MIXER OUTPUT 

OSCILLATOR TANK ~-G~:2!J 
13 

RF OUTPUT 

13 IZ 

y+ 12 
RF INPUT 

11 
MIXER BYPASS RF BYPASS 

AG.C DRIVE ....,+E~_+-_I-"O:.. AGC CAPACITOR 

IF OUTPUT 

IF INPUT -'-t-_...J 

TOPYIEW 

RF GROUND 

8 SUBSTRATE AND 
IF AMPL GROUND 

Order Number LM3820N 
See NS Package N14A 

R9 
3.3k 

10 
02 

14 

RI8 
Ik 

05 

04 

03 

RIO 

R1 5.6k 

5k 

Rl1 
3.3k 

01 

RIZ 
1.2k 

RI3 
680 

06 

RI5 
5.5k 

. Rll 
800 

QIO 

RI6 
10k 



Absolute Maximum Ratings 
Power Dissipation (Note 1) 

. Supply Voltage 

Current into Supply Terminal (Pin 3) 

700mW 

16V 

35 rnA 

Operating Temperature Range :... 25·C to 85·C 

Storage Tei'n~erature Range - 65·C to 150·C 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics (Figure 1, TA=25·C, Vs=6V unless noted) 

Parameter Conditions 

Supply Current (Is) No RF Input 

Internal Zener Voltage (Vz) 

Input Sensitivity f = 1 MHz, 30% Mod 400 Hz 
Measure RF Input Level lor 
10 mV Audio Output with 
Tuning Peaked 

Signal to Noise Ratio f = 1 MHz, 30% Mod 1 kHz 
(S + N)/N at Audio Output 
with 100 JJV RF Input 

Overload Distortion 1=1 MHz; 90% Mod 1 kHz 
THD at Audio Output 
with 30 mV RF Input 

Note t: Above TA=2S'C, derate based on TJ(MAX)=IS0'C and 9JA=180'C/W 

Typical Applications 
SIMULATES 
LOOPSTICK 
ANTENNA* 

, 

Min Typ 

12 18 

7.0 7.5 

15 35 

22 28 

6 

MaX: 

24 

8.0 

70 

10 

Units 

IS -

rnA 

V 

JJV 

dB 

% 

RF~ 
INPUT ~ 

r-~----'-----------------------------~~-'---o~ 

O.OI.F 
14 

1 

, L2 Jj20 PF 

Co . 1\ 
1\ 

L_ _. " 

*100.V RF INPUT Is equivalent to 
approx, 1 mVimeter field strength 

: See Applications Information 
for coli specifications ' 

13 

~O.05.F 

FIGURE 1. Capacltor.Tuned Test Fixture 
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Applications Information 
The circuit shown in Figure 11s recommended as a start
Ing point for portable radio designs. Loopstick antenna 
L1 is used in place of LO, and the RF amplifier is used 
with a resistor load to drive the mixer. A double tuned cir· 
cuit at the output of the mixer provides selectivity, while 
the remainder of the gain is provided by the IF section, 
which is matched to the diode through a unity turns ratio 
transformer. RAGC may be used in place of CAGC to 
bypass the Internal AGe detector and provide more 
recovered audio. 

vc 1 
AM pvc ) 

1 1 

An AM automobile radio design is shown in Figure 2. 
Tuning of both the input and the output of the RF 
amplifier and the mixer is accomplished with variable in
ductors. Better selectivity is obtained through the use of 
double tuned interstage transformers. Input circuits are 
inductively tuned to prevent microphonics and provide a 
linear tuning motion to facilitate push·button operation. 

Coli specifications for Figure 1 are as follows: 

AMANT .1 AMOSC 
LO, L2 

525 kHz·1850 kHz '1 980 kHz·2105 kHz 

II I1DT CA~CB liE: 
l0018mlll II J::[ 

e .... =140 pF II~ 
0a=60 pF 

!! --.:; L"";j,j\i,,,i-; 

L=650 J.lH Ou=110 
Qu=250 

11L AM 1st IF 
T2l 

AM 2nd IF 
T3 1 

AM 3rd IF 

1 455 kHz 1 455 kHz 'I 455 kHz 

150pF EXT 

jj[-~~-][ ,~,,[ 71T II II 
II 2T IUT II .1T II 3ST 

lIT II II 71T II 

C::: 180 pF C=47 pF 0=180 pF 

Qu=140 Ou=120 Ou=14O 

PCB Layout for Figure 1 Circuit 
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Typical Applications (Continued) 

-10 

~ 

-20 
> 

... -30 
~ 

~ -40 

-50 

fo'" MHz 
fm=400Hz 
m=O.l 

10 

I 
I 
I 
I 
I 
I 
I 

+-----

S'N 

100 1k 

INPUT LEVEL l/lVRMS) 

680 

....,....0.00',' /\ 

..L II 
':" II 

O.02J1F }I 
____ ..J 

10k 

14 13 

TRANSFORMERS 
T1: C; 130 pF primary & secondary 

primary to secondary tap rallo-30:1 
Q=60 
coupling-critical 

FIGURE 2. Slug·Tuned Auto Radio 
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,*O.05 Il F 

14V 

~'0,", 

"0 

IO¥.L 
AUIlIO 
OUTPUT 

150k 

O.DlpF' 

1k 

100 

,*O.005 IJ F 

T2: C = 130 pF primary & secondary 
primary tap ratio-8.5:1 
secondary tap ratI0-8.5:1 
Q;60 
coupling-critical 



~National 
~ Semiconductor 

Audio/Radio Circuits 

LM4500A High Fidelity FM Stereo Demodulator with Blend 

General Description 
The LM4500A is an improved stereo demodulator IC of
fering very low audio distortion. A new demodulator tech
nique minimizes adjacent station interference caused by 
subcarrier harmonics and prevents lock-up problems 
from pilot carrier frequency harmonics. The IC features a 
blend circuit which optimizes the signal·to-noise ratio 
under weak signal conditions by gradually combining left 
and right channel information. 

Typical Application 

228 kHz 
MONITOR J-t 

VCC 
8 -16 VDC 

- 0.1 ~F 

C3 

Features 
• Low distortion-O.1 % typ 
• High subcarrier harmonic rejection 
• Large input dynamic range-2.5 Vp-p 
• Voltage controlled blend 
• High separation-fixed or adjustable 

• Adjustable gain 
• Reduced stereo-mono DC shift-5 mV typ 
• 55 dB supply ripple rejection 

• Requires no external inductors 
• Wide supply range BV·16V 
• Excellent rejection of 57 kHz ARI subcarrier 

220 pF ...--+---f--+--+---, 

PI 
5k 

VCO 
ADJUST L..-+-...,.... 

N22D 

COMP~~~~ 0-----1 j-:--f_.....I 

* Metal film, zero temperature 
coefficient resistor recommended 

.16 

R3 
5.1k 

LM45DDA 

R I 

OUTPUTS 

FIGURE 1 

Order Number LM4500AN 
See NS Package N16A 
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Absolute Maximum Ratings, TA = + 25 "C unless otherwise noted 

PowerSupplyVoltage 16V 

Power Dissipation (Package Limitation) 1800mW 
Derate above T A = + 25 "C 15mW/"C 

Operating Temperature Range(Ambient) -40"Cto +85"C 

Storage Temperature Range - 65 "C to + 150 "C 

Lamp Drive Voltage 
Max Voltage at Pin 7 with Lamp "Off" 30V 

LampCurrent 100mA 

Blend Control Input Voltage(Pin 11) 10V 

Electrical Characteristics Unless otherwise noted: Vcc=12 VDC' TA=25°C, Vp·p standard multiplex composite 
signal with L or R channel only modulated at 1.0 kHz and with 10% pilot level, using circuit of Figure 1 

Parameter Conditions Min Typ Max Units 

Stereo Channel Separation Unadjusted 30 dB 
Optimized on Other Channel (Note 1) 40 dB 

Measured Voltage Gain (Note 1) 0.8 1 1.2 

THO 2.5 Vp·p Composite Input Signal 0.15 0.3 % 
1.5 Vp·p Composite Input Signal 0.08 % 

Signal·to·Noise Ratio DIN45405 Quasi Peak Reading 83 dB 
rms 20 Hz·15 kHz 88 dB 

Ultrasonic Frequency Rejection 19 kHz 31 dB 
38 kHz 45 dB 

Stereo Switch Level 19 kHz Input Level for Lamp "On" 12 16 20 mVrms 
Hysteresis 8 dB 

Output Voltage Change With Mono/Stereo Switching (Note 3) 3 20 mVDC 

Stereo Blend Control Voltage (Pin 11) 3 dB Separation 0.7 V 
(See Figure 8) 30 dB Separation 1.7 V 

Minimum Separation Pin 11 at OV 1 dB 

Monaural Channel Imbalance Pilot Tone Off 0.03 0.3 dB 

ARI 57 kHz Pilot Tone Influence on THO Note 2 0.5 % 

Sub·Carrier Harmonie Rejection 76 kHz 80 dB 
114 kHz 70 dB 
152 kHz 83 dB 

Supply Ripple Rejection f= 1 kHz 57 dB 

Input Impedance 50 kG 

Output Impedance 100 G 

Blend Control Current (Note 1) -100 -300 p.A 

Capture Range ±4 % 

Operating Supply Voltage 8 16 V 

Current Drain Lamp Disconnected 35 mA 

Nota 1: See Applications Information and Circuit Description. 
Nota 2: ARI Test-Input signal: 1.5 Vp-p standard composite Signal, 1 kHz modulation added to a CW 50 mVrms signal al 57.3 kHz. 

Nota 3: This test is done with the stereo Indicator lamp disconnected In order to remove DC shift due to thermal changes. These shifts have long time con· 
stants (100 ms) and therefore do not produce audible transients. 
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Typical Performance Characteristics. 
VCO Free Running 

Supply Current vs Power Supply Rejection vs Frequency vs 
Supply Voltage Supply Voltage Supply Voltage 

46 70 

f =11 kH;, 20J mv!ms O~ PINI16 
i 19.4k 

44 = I- ~ 19.3k :s 60 

" '" .!l 42 .. L ~ 19.2k 
.... ~ CI 

ill 40 50 ~ 19.1k 
0: ii1 
B 38 

MONO ::; ~ 19.Dk 

::; ~ 40 Z ~ 
36 ~ lB.9k 

~ 34 STEiEO 
0: ~ 1S.ak 

~ 30 
32 Q lB.lk 

30 20 ~ lB.6k 
8 9 10 11 12 13 14 15 16 6 9 10 11 12 13 14 15 16 6 9 10 11 12 13 14 15 16 

SUPPLY VOLTAGE IV) SUPPLY VOLTAGE IV) SUPPLY VOLTAGE IV) 

Channel Separation vs Total Harmonic Distortion Lamp Piri Saturation 
Supply Voltage vs Composite Input Level Voltage vs Current 

60 I I I I I I I_U g I.°liii~~ ~ 16 I I I I I I I II I I I n n Vee = B.5 Voc MONO 

....L. '" ~:; ~ if STEREO '" 50 _ f = 1 kHz, USING STEREO - .. 
" ADJUSTING CIRCUIT ;:: !:; 12 .. § 0.7 -STE'REOI V-;= .. 

:s t;; 12VOC 
> 

10 
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Typical Performance Characteristics (Continued) 
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Circuit Description 
Introduction 

The LM4500A is a phase-lock-loop stereo decoder which 
incorporates a variable separation control, and in which 
sensitivitytothethird harmonics of both the pilot and sub
carrier frequencies has been eliminated by the use of ap
propriate, digitally generated, waveforms in the phase
lock· loop and decoder sections. 

The variable separation control may be operated manual
ly, or by a receiver'S AGC or S meter signals, to provide 
smooth transitions between monaural and stereo recep
tion. It operates only during stereo reception: the circuit 
switches automatically to monaural if the 19 kHz pilot 
tone is absent. 

The elimination of sensitivity to the third harmonic of the 
sub-carrier (114 kHz) excludes interference from the side
bands of adjacent transmitters, while the elimination of 
sensitivity to the third harmonic of the pilot tone (57 kHz) 
excludes interference from the ARI* system which 
employs this frequency. 

Circuit Operation 

The block diagram of the circuit, shown in Figure 2, con
sistsofthree sections, the phase-lock-loop, including the 
digital waveform generator, the stereo switch, and the 
decoder, in which the composite stereo signal is 
demodulated and matrixed to separate Land R channels. 

In the phase-lock-loop the internal RC oscillator, operating 
at 228 kHz, feeds a 3-stage Johnson counter, via a binary 
divider, to generate a series of 19 kHz square waves. By the 
use of suitably connected NAND and EXCLUSIVE OR 
gates, the waveforms shown in Figure 3, which are used to 
drive the various modulators in the circuit, are developed. 

* Auto Radio Information - used In Europe 

Modulator Drive Waveform 

_---IIl'---__ n 
Plll19 kHz! 

STEREO SWITCH 
119 kHz} 

DECODER 
138kHz} 

,-------,I 
L 

The use of such drive waveforms produces the modulating 
functions also shown in Figure 3. The usual square 
waveforms have been replaced in the PLLand decoder sec
tions by 3-level forms which contain no third harmonic (ac
tually no harmonics which are multiples of 2 or 3 are pres
ent). This eliminates the frequency translation of in
terference from these bands into the low frequency region. 
Such translation may produce audible components in the 
decoder section from the sidebands of adjacent channel 
FM signals, and may produce phase jitter, and consequent 
intermodulation distortion, in the PLL, from the mOdulated 
57 kHz tones of the ARI system. The LM4500A is inherently 
free from these effects. 

The stereo switch section is of conventional form (e.g. 
LM1310). 

The decoder section consists of a modulator (driven by 
the waveforms shown in Figure 3) whose outputs are the 
inverted and non-inverted channel difference Signals. 
These signals pass to the output amplifiers via the 
variable blend circuit in which they are partially com
bined, and hence mutually attenuated, according to the 
control voltage applied. 

Matrlxing occurs at the inputs of the output amplifiers, 
where the unmodified compOSite signal is added to the 
blended channel difference signals. The stereo separa
tion may be progressively reduced from maximum to zero; 
dependent on the blending. The control law has been 
made non-linear, as the major redistribution of sound 
energy occurs atvery low separation levels. Formonaural, 
or very weak stereo Signals, the modulator in the decoder 
section is deactivated by the stereo switch circuit. The 
variable separation control is thus, also, automatically 
disabled. 

Modulating Functions 

L 

FIGURE 3_ Digital Waveforms 
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Applications Information 
Gain and De· Emphasis 

The gain and de·emphasis characteristics olthe circuit are 
defined by shunt feedback via the external RC networks 
(R3, C6, R4, C7 of Figure 1) around the output amplifiers. The 
gain is unity when resistors of 5.1 kO are used. Higher gains 
may be obtained by using networks of the form shown in 
Figure 4. ' 

PIN 3 PIN 4 PIN 5 PIN 6 

R3 

R6 

FIGURE 4. Output Amplifier Feedback Networks 

The reSistors R6, R7 are added to correct the output quies· 
cent voltage levels which are optimised for R3,R4 = 5.1 kO 
and which would, if uncorrected, become too low with 
higher value resistors. Suitable network values are as 
follows: 

Gain (dB) R3,R4 
C6,C7 

R6,R7 
50"s 75,,5 

0 5,1 kO 10 nF 15nF 
3 6,B kO 6.BnF 10 nF 47k± 10% 
6 10k 4.7 nF 6.B nF 27k±10% 

The maximum output level is 1 Vrms; consequently the max 
input is limited to 1.4 Vp·p inhe gain is set to 6 dB. 

-;L~;D- ., 
CIRCUIT _____ .J T1 

Separation Adjustment 

A separation adjustment may be added, liS shown in 
Figure 5, to compensate for the receiver's IF 
characteristics. 

This network reduces the amplification of the channel 
sum signal in the decoder, to cQmpensate the attenua· 
tion of the channel difference signal in the receiver's IF 
section. The network shown will compensate for up to 2 
dB attenuation at 38 kHz. The decoder gain is, obviously, 
reduced by an amount equal to the compensation re
quired. When used as described, the adjustment also cor· 
rects the inherent separation of the decoder, which may 
be optimised on one channel. Optimization of both chan· 
nels is possible if separate 'potentiometers are used to 
feed each output amplifier. 

PIN 2 

56k 1 
PIN3::=t--+5% , 

10k 
PIN 6 . 

56k 
, 5% _ 

FIGURE 5. Network Providing Adjustable Separation 

Variable Separation (Blend) Control 
and 19 kHz Output 

To retain the 16·pin packllge the blend control has been 
combined with the 19 kHz output on pin 11. The Internal 
circuit providing this combination is shown in Figure 6. 

If pin 11 is left open·circuit the 19 kHz signal appears at a 
mean DC level of 4V. The blend circuit is inoperative at 
this level and the decoder provides full separation. The 19 
kHz signal can be used to tune the internal oscillator. 

To reduce the separation the voltage on pin 11 is reduced. 
At 3.2V T2 ceases conduction and the 19 kHz signal 
disappears. 

At 2.0V the blend circuit comes into operation 'and the 
separation decreases according to the curve shown in 
Figure 8. ' 

1---"--0 PIN 11 

lk 

4V 19 kHz 

2.5V l.rL ..... +---1 T2 

FIGURE 6. Blend Control Input Circuit 
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Applications Information (Continued) 
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Oscillator Tuning 

If the variable separation facility. is not required pin 11 is 
left open~circuit and the 19 kHz signal which then ap
pears may be used to indicate the oscillator frequency. If 
the variable separation is used, and the drive circuit 
prevents access to the 19 kHz signal, then the oscillator 
frequency must be measured directly. A test pOint should 
be obtained by modifying the OSCillator RC network as in 
Figure 7. 

The output is a pulse train of approximately 1.5V 
amplitude. Connecting frequency counters of up to 300 
pF input capacitance produces less than 0.3% change of 
the oscillator frequency, which should be set to 228 kHz. 

High Loop Gain Components 

For applications demanding operation under low pilot 
level (e.g. car radio) the following component changes to 
Figure 1 are recommended. 

Rl = 12k 
R2 = 1.5k 
R8=330 
Pl = 10k 

C3=150pF 
C4=330 nF 
C5=150nF 
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Extemal Mono-Stereo Switching 
and Oscillator Killing 

If required the LM4500A can be forced into mono mode 
simply by grounding pin 9 (see Figure 1). The 228 kHz 
oscillator will be automatically stopped. 

The conditions governing mono/stereo switching on pin 9 
are the following: 

Quiescent voltage: +2.3 Voc 
Current required to ensure mono operation (with 100 
mVrms pilot level): 10 p.A (from pin 9 to ground) 
Hysteresis: 0.7 p.A 
Stereo/mono switching & oscillator killing: less than 
+500 mV 
Maximum stray capacitance between pin 9 and 
ground: 100 pF 

External Component Functions 
Pl 19 kHz frequency adjustment 
P2 Channel separation adjustment and compensa

tion for IF roll-off. 
R3, R6Gain fixing resistors. The values shown in the 

schematic are for unity gain. 
C6, C7 De-emphasis capacitors. Value to give: RC = 50 "S. 



~National 
~ Semiconductor 

Audio/Radio Circuits 

LM13600/LM13600A/LM11600A Dual Operational 
Transconductance Amplifiers With Linearizing Diodes 
and Buffers 

General Description 
The LM13600 series consists of two current 
controlled transconductance amplifiers each 
with differential inputs and a push pull output. 
The two amplifiers share common supplies but 
otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce 
distortion and allow higher input levels. The 
results is a 10 dB signal-to-noise improvement 
referenced to 0.5 percent THO. Controlled iin
pedance buffers are provided which are espe
cially designed to complement the dynamic 
range of the amplifiers. . 

Features 
• gm adjustable over 6 decades 

Schematic and Connection Diagrams 
ONE OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 

~;~--1>--"""'---_--_--_-' 

DIODEBIASo-..-~_.j..':::::;---1 
2,15 

-INPUT 
4,13 

AMP BIAS 

INP~.~6 o--"'--L' 

v;o--+_~-+ __________ ---' 

DUAlIN·LlNE PACKAGE TOP VIEW 
AMP 
BIAS DIODE INPUT INPUT BUFFER BUffER 

INPUT BIAS (+) 1-1 OUTPUT y+ INPUT OUTPUT 

DIODE INPUT INPUT OUTPUT V- BUFFER BUffER 
BIAS (+) H INPUT OUTPUT 

BUffER 
OUTPUTS,9 
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• Excellent gm: linearity 
• Excellent matching between amplifiers 
• Linearizing diodes 
• Controlled impedance buffers 
• High output signal to noise ratio 
• Wide supply range ± 2V to ± 22V. 

Applications 
• Current controlled amplifiers 
• Current controlled impedances 
• Current controlled filters 
• Current controlled oscillators 
• Multiplexers 
• Timers 
• Sample and hold circuits 

Order Number LM13600J 
or LM11600AJ 

See NS Package J16A 

Order Number LM13600N 
or LM13600AN 

See NS Package N16A 



Absolute Maximum Ratings 
Supply Voltage (Note 1) 

LM13600 36VDcor ±IBV 
LM13600A, LM11600A 44 VDC or ± 22V 

Power Dissipation (Note 2) TA = 25°C 
LM13600N, LM13600AN 570mW 
LM13600J, LM11600AJ 600mW 

Differential Input Voltage ±5V 

Diode Bias Current (10) 2mA 

Amplifier Bias Current (IABC) 2mA 

Output Short Circuit Duration Indefinite 

Buffer Output Current (Note 3) 20mA 
Operating Temperature Range 

LM13600N, LM13600AN 0° Cta +70° C 
LM13600J, LM11600AJ .55° C to + 125° C 

DC I nput Voltage +VS to·vS 
Storage Temperature Range .65° C to + 150° C 
Lead Temperature (Soldering, 10 seconds) 300° C 

Electrical Characteristics (Note 4) 
I I I I I Parameters Conditions . LMl~bUU I i-ivi i;;~uuio\ i-i,i i iOUUK 

Min Typ Max Min Typ Max Units 

Input Offset Voltage (Vas) 0.4 4 0.4 1 mV 
Over Specified Temperature Range 2 mV 

IABC 5 ~A 0.3 4 0.3 1 mV 
Vas Including Diodes Diode Bias Current (10) = 500 ~A 0.5 5 0.5 2 mV 
Input Offset Change 5 ~A :;; IABC :;; 500 ~A 0.1 3 0.1 1 mV 
Input Offset Current 0.1 0.6 0.1 0.6 ~A 

Input Bias Current' 0.4 5 0.4 5 ~A 

Over Specified Temperature Range 1 8 1 7 ~A 

Forward 
Transconductance(gm) 6700 9600 13000 7700 9600 12000 ~mho 

Over specified Temp Range 5400 4000 ~mho 

gm Tracking 0,3 0.3 dB 
Peak Output Current RL= 0, IABC = 5~A 5 3 5 7 ~A 

RL = 0, IABC = 500 ~A 350 500 650 350 500 650 ~A 
RL = 0, Over Specified Temp Range 300 300 ~A 

Peak Output Voltage 
Positive RL=oo, 5 ~A :;; IABC:;; 500 ~A +12 + 14,2 +12 + 14.2 V 
Negative RL=oo, 5~A:;; IABC :;; 500~A -12 -14.4 -12 -14.4 V 

Supply Current IABC=500~A,Both Channels 2.6 2.6 mA 
Vas Sensitivity 

Posilive [,'. VasIL'> V+ 20 150 20 150 ~VIV 

Negative L VasiL. V- 20 150 20 150 ~VIV 

CMRR BO 110 BO 110 dB 
Common Mode Range ±12 ± 13.5 ±12 ± 13.5 V 
Crosstalk Referred to Input (Note 5) 

20 Hz < f < 20 KHz 100 100 dB 
Diff.lnput Current IABC=O, Input = ±4 V 0.02 100 0.02 10 nA 
Leakage Current IABC = 0 (R~fer To Test Circuit) 0.2 100 0.2 5 nA 
Input Resistance 10 26 10 26 KIl 

Open Loop Bandwith 2 2 MHz 

Slew Rate Unity Gain Compensated 50 50 V1~Sec 

Buff. Input Current (Note 5, Except IABC = 0 ~A) 0.2 0.4 0.2 0.4 ~A 

Peak Buffer Output yoltage (Note 5) 10 10 V 

Note 1. For selections to a supply voltage above ± 22V, contact factory. 
Note 2. For operating at high temperatures, the device must be derated based on a 150° C maximum junction temperature and a thermal 
resistance of 175° C/W which applies for the device soldered in a printed circuit board, operating in stiil air. 

No!e 3. Buffer output current should be limited so as to not exceed package dissipation. 
Note 4. These specl!lcationslapply for Vs = ± 15 V, TA = 25· C, amplifier bias current (IABC) = 500~A, pins 2 and 15 open unless 

, otherwise specified. The inputs to the buffers are grounded and outputs are open. 
Note 5. These specifications apply for Vs = ± 15V, IABC = 500 ~A, ROUT = 5 K n connected from the buffer output to - Vs and the 
input of the buffer Is connected to the transconductance 'amplifier output. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Cont'd) 
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Circuit Description 
The differential transistor pair 04 and 05 form a 
transconductance stage in that the ratio of t~eir 
collector currents is, defined by the differential 
input voltage according to the transfer func
tion: 

KT 15 VIN=- In_ 
q 14 (1) 

where VIN is the differential input voltage,KT/q 
is approximately 26 mV at 25° C and 15 and 14 
are the collector currents of transistors 05 and 
04 respectively. With the exception of 03 and 
013, all transistors and diodes are identical in 
size. Transi:>tors 01 and 02 with Diode 01 form 
a current mirror which forces the sum of cur
rents 14 and 15 to equallABC; 

(2) 

where IABC is the amplifier bias current applied 
to the gElin pin. 

For small differential input voltages th~ ratio of 
14 !ind 15 approaches unity and the Taylor series 
of the In function can be approximated as: 

(3) 

(4) 

Collector currents 14 and 15 are not very useful 
by themselves and it is necessary to subtract 
one current from the other. The remaining tran
sistors and diodes form three current mirrors 
that produce,an output current equal to 15 minus 
14'thus: 

= lOUT (5) 

The term in brackets is then the transconduc
tance of the amplifier and is' proportional to 
I,ABC. 

Linearizing Diodes 
For differential voltages greater than a few 
millivolts, Equation 3 becomes less valid and 
the transconductance becomes increasingly 
nonlinear. Figure 1 demonstrates how the inter
nal diodes can linearize the transfer function of 
the amplifier. For convenience assume the 
diodes are biased with current sources and the 
input signal is in the form of current IS. Since 

10-246 

Figure 1. Linearizing Diodes 

the sum of 14 and 15 is IABC and the difference 
is lOUT, currents 14 and 15 can be written as 
follows: 

IABC lOUT 
14 = -2- - -2-

IABC 
15= -. -2-

lOUT 
+ --

2 

Since the diodes and the input transistors have 
identical geometries and are subject to similar 
voltages and temperatures, tile following is 
true: 

10 
"2+ IS 

KT In---
q 10 - IS 

"'2 

IAIlC lout 

2 + 2 
KT In 

IABC lout q 
-2- - -2-

for lis I < 
10 

2 
(6) 

Notice that in deriving Equation 6 no 
approximations have been made and there are 
no temperature dependent terms. The limita
tions are that the signal current not exceed 10/2 
and that the diodes be biased with currents. In 
practice, replacing the current sources with 
resistors will gel'1erate insignificant errors. 

Controlled Imp~dance Buffers 
The upper limit of transconductance is defined 
by the maximum value of IABC (2 mAl. The 
lowest value of IABC for which the amplifier will 
function therefore determines the overall 
dynamic range. At very iow values of IABC, a 
buffer which has very low input bias current is 
desirable. A FET follower satisfies the low input 
current requirement, but is somewhat non
linear for large' voitage swing. The controlled 
impedance buffer is a Darlington which 
modifies its input bias current to suit the need. 
For low values of IABC, the buffer's input 
current is minimal. At higher levels of IABC, 
transistor 03 biases up 012 with a current pro
portional to IABC for fast slew rate. 



Applications/V oltage 
Controlled Amplifiers 
Figure 2 shows how the linearizing diodes can 
be used in a voltage controlled amplifier. To 
understand the input biasing, it is best to 
consider the 13 KO resistor as a current source 
and use a Thevenin equivalent circuit as shown 
in Figure 3. This circuit is similar to Figure 1 
and operates the same. The potentiometer in 
Figure 2 is adjusted to minimize the effects of 
the control signal at the output. 

For optimum signal-to-noise performance, 
IABC should be as large as possible as shown 
by the Outp(!t Voltage vs. Amplifier BiasCurrent 
graph. Larger amplitudes of input signal also 
improve the SIN ratio. The linearizing diodes 

RB 

+vs 

~ 

-vs 

help here by allowing larger input signals for 
the same output distortion as shown by the 
Distortion vs. Differential Input Voltage graph. 
SIN may be optimized by adjusting the 
magnitude of the input signal via RIN (Figure 
2)until the output distortion is below some 
desired level. The output voltage swing can 
then be set at any level by selecting RL. 

Although the noise contribution of the lineariz
ing diodes is negligible relative to the contribu
tion of the amplifier's internal transistors, ID 
should be as large as possible. This minimizes 
the dynamic junction resistance of the diodes 
(re) and maximizes their linearizing action when 
balanced against RIN. A value of 1 rnA is recom
mended for ID unless the specific application 
demands otherwise. 

30 K GAIN 

~CONTROL 
I. IAar , . .•• +vs 

'""'-~-OUTPUT 

-vs 

Figure_ 2 Voltage Controlled Amplifier 

+ 10 ... 
lOUT = IS el:BC) .- ... lOUT = 15-14 

10-IS ID+IS 
"2 T 

03 

-Vs 

Figure 3. Equivalent VCA Input Circuit 
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Stereo Volume Control 
The circuit of ,'Figure 4 uses the excellent 
matching of the two LM13600 amplifiers to pro
vide a Stereo Volume Control with a typical 
channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset 
voltage and may be replaced with two 5100 
resistors in AC-coupled applications. For the 
component values given, amplifier gain is deriv
ed from Figure ~ as being: 

Va 
= 940 x IABC 

VIN 

If Vc is derived from a second signal source 
then the circuit becomes an amplitude 
modulator or two-quadrant multiplier as shown 
in Figure5, where: 

The constant term in the above equation may 
be cancelled by feeding IS x 'IORC/2(V-+1.4V) in
to lo.The circuit of Figure 6 adds RM to provide 

v" 

". v'o-"".0,rv---------4 

IO. 
~INZO-J\I\J'v-t~~--<>--l 

·'N 

Figure 4. Stereo Volume Control 

ViN2 30 K I~ 
MODULATION O-----JVV'v--..-:=----o 

RC 

V'N,o--'VV'v_----o--I 
CARR'ER 

Figure 5. Amplitude Modulator 

'0 K 
50 K 

Figure 6. Four-Quadrant Multiplier 
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this current, resulting in a four-quadrant 
multiplier where RC is trimmed such that 
Vo = OV for VIN2 = OV. RM also serves as the 
load resistor for 10. 

Noting that the gain of thEi LM13600 amplifier of 
Figure 3 may be controlled by varying the 
linearizing diode current 10 as well as by varying 
IABC, Figure 7 shows an AGC Amplifier using 
this IiIpproach. As Vo reaches a high enough 
amplitude (3VBE) to turn on the Oarlington tran
sistors and the linearizing diodes, the increase in 
10 reduces the amplifier gain so as to hold Vo at 
that level. 

Voltage Controlled Resistors 
An Operational Transconductance Amplifier 
(OTA) may be used to implement a Voltage Con
trolled Resistor as shown in Figure 8. A signal 

3D K 

+15V~ 

voltage applied. at RX generates a VIN to. the 
LM13600 which is then multiplied by the gm of 
the amplifier to produce an output current, thus: 

R+ RA 
R ----X - gmRA 

where gm ~ 19.21ABC at 25°C. Note that the 
attenuation of Vo by Rand RA is necessary to 
maintain VIN within the linear range of the 
LM13600 input. /'$ 

Figure 9 shows a similar VCR where the linear· 
izing diOdes are added, essentially improving the 
noise performance of the resistor. A floating VCR 

7. AGC Amplifier 
3D K 

+15V 

ZDD.n 

10 K 
....... -_-'\N\,-o-15 V 

Figure 8. Voltage Controlled Resistor, Single· Ended 

15 K 3D K 

+t5V 

10 K 
"'---..... -'VV'v-Q-15 V 

Figure 9. Voltage Controlled Resistor With Linearizing Diodes 
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is shown in Figure 10, where each "end" of the 
"resistor" may be at any voltage within the out
put voltage range of the LM13600. 

Voltage Controlled Filters 

OTA's are extremely useful for Implementing 
voltage controlled filters, with the LM13600 

100 K 

-15 V 

2R 
RX=-

gm RA 

having the advantage that the required buffers 
are included on the I.C. The VC Lo-Pass Filter of 
Figure 11 performs as a unity-gain buffer ampli
fier at frequencies below cut-off, with the cut-off 
frequency being the point at which Xc/gm equals 
'the closed-loop gain of (R/RA). At frequencies 
,above cut-off the circuit provides a single RC roll
off (6 dB per octave) ofthe input signal amplitude 
with a -3 dB pOint defined by the given equation, 

100 K 

R 

-15 V 

Figure 10_ Floating Voltage Controlled Resistor 

V1N o--.....I\I\I\r-.... -o--I 

30 K 

\r---OVc 

• ...... ---<l~OVo 

10 K 

fo=RADm 
(R+RAI2nC 

-15 V 

Figure 11. Voltage Controlled Low-Pass Filter 
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where gm is again 19.2 x IABC at room tempera
ture. Figure 12 shows a VC High-Pass Filter 
which operates in much the same manner, pro
viding a single RC roll-off below the defined cut
off frequency.' 

Additional amplifiers may be used to implement 

Ivas) 
'NUll 

220 K 

1 K 

'higher order filters as demonstrated by the two
pole Butterworth Lo-Pass Filter of Figure 13 and 
the state variable filter of Figure 14. Due to the 
excellent gm tracking of the two amplifiers and 
the varied bias of the buffer Darlingtons, these 
filters perform well over several decades of 
frequency. 

30 K 

Va 
fo"RAgm 

IR+RAl2wC 

Figure 12_ Voltage Controlled Hi-Pass Filter 

15K 
VCo--------JWIr-. 

lDDK 

Va 

IOUp' 
10K 

-15 V 

Figure 13. Voltage Controlled 2·pole Butterworth Lo·Pass Filter 

15K 
P---~--------9-~Wv-~Vc 

zo. 

BANDPASS OUT 

Figure 14_ Voltage Controlled State Variable Filter 

10-251 

LO-PASS 
OUT 



Voltage Controlled Oscillators 

The classic Triangular/Square Wave VCO of 
Figure 15 is one of a variety of Voltage Controlled 
Oscillators which may be built utilizing the 
LM13600. With the component values shown, 
this oscillator provides signals from 200 kHz to 
below 2 Hz as IC is varied from 1 rnA to 1 OnA. The 
output amplitudes are set by IA x RA. Note that 
the peak differential input voltage must be less 
than 5 volts to prevent zenering the inputs. 

A few modifications to this circuit produce the 
ramp/pulse VCO of Figure 16. When V02 is high, 

Ve 

IF is added to IC to increase amplifier A1's bias 
current and thus to increase the charging rate of 
capacitorC. When V021s 10w,IFgoestozElroand 
the capacitor discharge current is set by IC. 

The VC Lo-Pass Filter of Figure 11 maybe used to 
produce a high-quality sinusoidal VCO. The 
circuit of Figure 16 employs two LM13600 
packages, with three of the amp/iflersconfigured 
as Io-pass filters and the fourth as a limiter/
Inverter. The circuit oscillates at the frequency at 
which the loop phase-shift is 360· or180· forthe 
inverter and 60· ,per filter stage. This VCO 
operates from 5 Hz to 50 kHz with less than 1 % 
THO. 

VOl 

10" 

7 
Figure 15. Trlangular/Square·Wave yeO 

ve~"V\I\r""JVlI'Ir---'-----------' 
5tlK 30 K 

51" 

-15 V 

loa K 

" Figure 16. Ramp/Pulse yeO 

.,:--++'V>I'v--f"--------4' 

Figure 17. Sinusoidal yeO 
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10 K 

o---'\N\r-+--oYc 

Yo 

Figure 18. Single Amplifier veo 
Figure 18 shows how to build a veo using one 
amplifier when the other amplifier is needed for 
another function. 

Figure 19 presents an i~teresting one-shot which 
draws no power supply current until it is trig
gered. A positive-going trigger pulse of at least 
2V amplitude turns on the amplifier through AS 
and pulls the non-inverting input high. The 
amplifier regenerates and latches its output high 
until capacitor e charges to the voltage level on 
the non-inverting input. The output then 
switches low, turning off the amplifier and 
discharging the capacitor. The capacitor 
discharge rate is speeded up by shorting the 
diode bias pin to the.inverting input so that an 
additional discharge current flows through 01 
when the amplifier output switches low. A 
special feature of this timer is that the other 
amplifier, when biased froin YO, can perform 
another function and draw zero stand-by power 
as well. 

The operation of the multiplexer of Figure 20 is 
very straightforward. When A 1 is turned on it 
holds Vo equal to V,N1 and when A2 is 
supplied with bias current then it controls YO. 
ee and Re serve to stabilize the unity-gain 

s 
r+-1>------'2V'DV'K.,----......,H~T"IGGE" 

1pF Ie RS O.01IJF 1 K 

t>----ovo 

Figure 19. Zero Stand·by Power Timer 

10K 

Figure 20. Multiplexer -uv 

configuration of amplifiers A 1 and A2. The max
Imum clock rate is limited to about 200 KHz by 
the LM13600 slew rate into 150 pF when the 
(VlN1-VlN2) differential is at its maximum 
allowable value of 5 volts. 

The Phase-Locked Loop of Figure 21 uses the 
four-quadrant multiplier of Figure 6 and the 
Veo of Figure 18 to produce a PLL with a :!: 5% 
hold-in range and an input sensitivity of about 
300 mY. 

30 K 

10 K 

30 K 

vo 
fe=1 KHz 
±5% 
HOLD IN 
RANGE 

Figure 21. Phase Lock Loop 
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The Schmitt Trigger of Figure 22 uses the 
amplifier output current into R to set the 
hysteresis of the comparator; thus VH = 2 x R X 

82 K 

Vo 

10 K 

-5 V 
R 10 K 

Figure 22. Schmitt Trigger 

33 K 18 

lB. Varying IB will produce a Schmitt Trigger 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency·to· 
Voltage converter. Whenever A1 is toggled by a 
positive·going input, an amount of charge equal 
to (VH·VLl Ct is sourced into· Cf·and Rt. This 
once per cycle chargE! is then balanced by the 
current of VO/Rt. The maximum FIN is limited 
by the amount of time required to charge Ct 
from VL to VH wit~a current of IB, where VL 
and VH represent the maximum low and max· 
imum high output voltage swing of the 
LM13600. 01 is added to provide a discharge 
path for Ct when A1 switches low. 

The Peak Detector of Figure 24 uses A2 to turn 
on A1 whenever VIN becomes more positive 
than Va. A1 then charges storage capacitor C to 
hold Va equal to VIN PK. One precaution to 
observe when using this circuit: the Darlington 
transistor used must be on the same side of the 
package as A2 since the A1 Darlington will be 
turned on and off with A1. Pulling the output of 
A2 low through 01 serves to turn off A1 so that 
Va remains constant. 

IN914 

-15 V 

1-'--41)---oVO'" 10mVX.!lli.. 
Hz 

Rt 
36 K 

Figure 23. Tachometer 

+ 15 V r-1 PEAK DETECT 
_, 5 V -..l L "'---' .... L--'--_ 

HOLD 

3D K +15V 
+15 V o--~'''''._ .... 

"'---0---0 Vo 

10 K -15 V 

Figure 24. Peak Detector and 'J-told Circuit 
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The Sample-Hold circuit .of Figure 25 alse 
requires that the Darlington buffer used be frem 
the other (A2) half of the package and that the cor
respending amplifier be biased en centinueusly. 

...-",'OVKIr--o :JL SAMPLE. 
-5 HOLD 

eeI,'UD'., 
RC1'Oon 

Vo 

, K 

-5 V 

_ •. - _. __ .. _____ 1_ I._I~ _! ____ ! .. 

rlYUIC ""_ ~all.t'ICJ"n".u \oI'1.\iU" 

-5' 

The Ramp-and-Held .of Figure 26 seurces 18 
into capaciter C whenever the input te A1 is 
breught high, giving a ramp-rate .of abeut IV/ms 
fer the cempenent values shown. 
The true RMS converter .of Figure 27 is essen
tially an autematic gain centro,l amplifier which 
adjusts its gain such that the AC power at the 
.output .of amplifier A 1 is censtant. The .output 
pewer .of amplifier A 1 is menitored by squaring 
amplifier A2 and the average cempared te a 
reference veltage with amplifier A3. The .output 
.of A3 provides bias current te the diodes .of A1 
te attenuate the input signal. Because the .out
put pewer .of A 1 is held censtant, the RMS value 
is constant and the attentuation is directly pro
pertienal te the RMS value .of the input veltage. 
The attenuatien is also prepertienal te the diede 
bias current. Amplifier A4 adjusts the ratie .of 
currents through the diedes te be equal and 
therefore the veltage at the .output .of A4 is pro
pertienal te the RMS value .of the input veltage. 
The ~!".!lbr!".ti0n r-'otE'ntiomp.tAr i~ ~At ~lIch that 
Va reads directly in RMS velts. 

RAMP 
UP 

Figure 26. Ramp and Hold 

O.I~F 

V IN o-j !+''V)Qv.-t-Q-I 

voo--------4~_<: 

'" I % ACCURATE 

10 

-15 V 

2 K 

1.2 K 
r-'VV'V-_--'V\f\r-O+15 V 

Figure 27. True RMS Converter 
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The circuit of Figure 28 Is a voltage reference of 
variable Temperature Coefficient. The 100 KG 
potentiometer adjusts the ~utput voltage which 
has a positive TC above 1.2 volts, zero TC at 
about 1.2 volts and negative TC below 1.2 volts. 
This is accomplished by balancing the TC of 
the A2 transfer function against the com
plementary TC of Ot 

The log amplifier of Figure 29 responds to the 
ratio of current through buffer transistors 03 
and 04. Zero temperature dependence for VOUT 
is ensured in that the TC of the A2 transfer func· 
tion is equal and opposite to the TC of the log· 
ging transisto.rs 03 and 04. . 

The wide dynamic range of the LM13600 allows 
easy control of the output pulse width in the 
Pulse Width Modulator of Figure 30. 

For generating IABC over a range of 4 to 6 
decades of current, the system of Figure 31 pro· 
vides a logarithmic current out for a linear 
voltage in. 

Since the closed·loop configuration ensures 
that the input to A2 is held equal to OV, the out· 
put current of A1 is equal to 13 = - VC/RC. 

+15V 

lD K 

l6D K 

1 K 

100 K 

The differential voltage between 01 and 02 is 
attenuated by the R1,R2 network so that A1 may 
be assumed to be operating within its linear 
range. From equation (5), the input voltage to A 1 

is: -2KTl3 2KTVC 

VINl = Qi2 = ql2RC 

The voltage on the base of 01 is then 
(Rl+R21 VINl 

VB 1 = ---'-=--'-'-' .... 
Rl 

The ratio of the 01 to 02 collector currents is 
defined by: 

KT IC2 KT IABC 
VBl =-In -"'='-In--

q ICl q 11 

Combining and solving for IABC yields: 

2(Rl+R21 Vc 

IABC = 11e Rl12RC 

This logarithmic current can be used to bias the 
circuit of Figure 4 to provide temperature in· 
dependent stereo attenuation characteristic. 

lBDK 
+15 VO-JV'vv ....... +15 V 

Your 
~1.2 

100 K 

Figure 28. Delta VBE Reference 
-lS V 

Figure 29. Log Amplifier 
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CLOCK IN o--i I-">/II\,---t-------------<r-, 
""F 

15 K 

-IS V 

15K 

'10 K 

Figure 30. Pulse Width Modulator 

-Vc ISO K 

+1& V AC 

+15 V 

-Cll 
IABC II (ell 

Figure 31. -Logarithmic Current Source 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

LM13700/LM13700A/LM11700A Dual Operational 
Transconductance Amplifiers With Linearizing Diodes 
and Buffers . 

General Description 
The LM13700 series consists of two current 
controlled transconductance amplifiers each 
with differential inputs and a push pull output. 
The two amplifiers share common supplies but 
otherwise operate Independently. Linearizing 
diodes are provided at the inputs to reduce 
distortion and allow higher input levels. The 
results is a 10 dB signal-to·noise improvement 
referenced to 0.5 percent THO. High impedance 
buffers are provided which are especially 
designed to compleinent the dynamic range of 
the amplifiers. 

Features 
• gm adjustable over 6 decades 

• Excellent gm linearity 
• Excellent matching between amplifiers 
• Linearizing diodes 
• High impedance buffers 
• High output signal to noise ratio 
• Wide supply range ± 2V to ± 22V . 

Applications 
• Current controlled amplifiers 
• Current controlled impedances 
• Current controlled filters 
• Current controlled oscillators 
• Multiplexers 
• Timers 
• Sample and hold circuits 

Schematic and Connection Diagrams 
ONE OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 

~; --~---.-----,---.,---~-----, 

OIODE BIAS_~-+_1-'=::::;---l 
2,15 

INPUT 
4,13 

AMP8IAS 

INP~.~6o--~---D 

v 

• 
AMP 
BIAS DIODE 

INPUT liAS 

AMP DIODE 
BIAS BIAS 
INPUT 

OUAL IN LINE PACKAGE TOP VIEW 

INPUT INPUT ,., 1-1 OUTPUT 

INPUT IN'UT OUTPUT ,., 1-1 
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OUTPUT 
5,12 

BUFFER BUffER 
v' INPUT OUTPUT 

v- BUFFER BUFFER 
INPUT OUTPUT 

BUffER 
OUTPUTR,9 

Order Number LM13700J 
or LM11700AJ 

See NS Package J16A 

Order Number LM13700N 
or LM13700AN 

See NS Package N16A 



Absolute Maximum Ratings 
Supply Voltage (Note 1) 

LM13700 36VDCor ±18V 
LM13700A, LM11700A 44VDcor ±22V 

Power Dissipation (Note 2) TA = 25·C 
LM13700N, LM13700AN 570mW 
LM13700J, LM11700AJ 600mW 

Differential Input Voltage ±5V 
Diode Bias Current (10) 2mA 
Amplifier Bias Current (lABC) 2mA 
Output Short Circuit Duration Indefinite 
Buffer Output Current (Note 3) 20mA 
Operating Temperature Range 

LM13700N, LM13700AN O· Cto +70· C 
LM13700J, LM11700AJ ·55· C to + 125" C 

DC Input Voltage +Vsto·VS 
Storage Temperature Range ·65· C to + 150· C 
Lead Temperature (Soldering, 10 Seconds) 300· C 

Electrical Characteristics (Note 4) 
I 

Parameters Conditions ' LM13700 LM13700A LM11700A 
Min Typ Max Min Typ Max Units 

Input Offset Voltage (VOS) 0.4 4 0.4 1 mV 
Over Specified Temperature Range 2 mV 

IABC 5 ~A 0.3 4 0.3 1 mV 
Vas Including Diodes Diode Bias Currenl (10) = 5OOI,A 0.5 5 0.5 2 mV 
Input Offset Chan'ge 5 pA '" IABC '" 500 I,A 0.1 3 0,1 1 mV 
Input 011 set Current 0.1 0.6 0.1 0,6 ~A 

Input Bias Current 0.4 5 0.4 5 ~A 

Over Specilied Temperature Range 1 8 1 7 pA 

Forward 
Transconductance(gm) 6700 9600 13000 7700 9600 12000 I,mho 

Over specilied Temp Range 5400 4000 I,mho 
gm Tracking 0.3 0.3 dB 

Peak Output Current RL= 0, IABC = 51,A 5 3 5 7 ~A 

RL= 0, IABC = 5OOI,A 350 500 650 350 500 650 pA 
Ri. = 0, Over Specified Temp Range 300 300 ~A 

Peak Output Voltage 
Positive RL= co,S pA '" IABC'" 5001,A +12 + 14.2 +12 + 14,2 V 

Negative RL=co, 5 pA '" IABC'" 5001,A -12 -14.4 -12 -14.4 V 

Supply Current IABC=500pA,Both Channels 2.6 2,6 mA 

Vas Sensitivity 
Positive " VOSI. V+ 20 150 20 150 pVIV 

Negative VOSI . . V- 20 150 20 150 pVIV 

CMRR 80 110 80 ' 110 dB. 

Common.Mode Range ±12 £13.5 ±12 ±13,5 V 

Crosstalk Referred to Input (Note 5) 
20 Hz < f < 20 KHz 100 100 dB 

Diff.lnput Current IABC=O, Input = ±4 V 0.02 100 0.02 10 nA 

Leakage Current IABC = 0 (Refer To Test Circuit) 0.2 100 0.2 5 nA 

Input Resistance 10 26 10 26 KIl 

Open Loop Bandwith 2 2 MHz 

Slew Rate Unity Gain Compensated· 50 50 VlpSec 

Buff. Input Current (Note 5) 0,5 2 0.5 2 pA 

Peak Buffer Output Voltage (Note 5) 10 10 V 

,Nole 1. For selections to a supply voltage above ± 22V, contact factory .. 
Note 2. For operating at high temperatures, the device must be derated based on a 150· C maximum junction temperature and a thermal 
resistance of 175· CIW which applies for the device soldered in a printed circuit board, operating in stili air. 

Note 3. Buller outpul current should be limited so as to not exceed package diSSipation. 
Note 4. These speclflcations!apply for Vs = ± 15 V, TA = 25· C, amplifier bias current (lABC) = SOOpA, pins 2 and 15 open unless 
otherwise specified. The inputs to the bullers are grounded and outputs are open. 
Note 5. These specifications apply for Vs = ± 15V, IABC = 500 "A, ROUT = 5 K {} connected from the buffer output to - Vs and the 
Input of the buffer is connected to the transconductance amplifier output. 
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Typical Performance Characteristics 

Input Offsat Voltage 
S~~~~m-~~~~ 
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· Circuit Description 
The differential transistor pair 04 and 05 form a 
transconductance stage in that the ratio of their 
collector currents is defined by the differential 
input voltage according to the transfer func
tion: 

KT 15 
VIN=- In

q 14 
(1) 

where VIN is the differential inp!lt voltage, KTlq 
is approximately 26 mV at 25° C and 15 and 14 
are the collector currents of transistors 05 and 
04 respectively. With the exception of 03 and 
013, all transistors and diodes are identical in 
size. Transistors 01 and 02 with Diode 01 form 
a current mirror which forces the sum of cur
rents 14 and 15 to equallABC; 

(2) 

where IABC is the amplifier bias current applied 
to the gain pin. 

For small differential input voltages th~ ratio of 
14 and 15 approaches unity and the Taylor series 
of the In fUnction can be approximated as: 

I - I _ IABC 
4~ 5~-2-

[IABCq] 
VIN 2KT 

(3) 

(4) 

Collector currents 14 and 15 are not very useful 
by themselves and it is necessary to subtract 
one current from the other. The remaining tran
sistors and diodes form three current mirrors 
that produce an output current equal to 15 minus 
14 thus: 

= lOUT (5) 

The term in brackets is then the transconduc
tance of the amplifier and is proportional to 
IABC· 

Linearizing Diodes 
For differential voltages greater than a few 
millivolts, Equation 3 becomes less valid and 
the transconductance becomes increasingly 
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nonlinear. Figure 1 demonstrates how the inter
nal diodes can linearize the transfer function of 
the amplifier. For convenience assume the 
diodes are biased with current sources and the 
input signal is in the form of current IS. Since 

" 's 

IOUT.2IS(~) 

Figure 1. Linearizing Diodes 

the sum of 14 and 15 is IABC and the difference 
is lOUT, currents 14 and 15 can be written as 
follows: 

lOUT 

2 
IABC 

15= -2- + 
lOUT 

2 

Since the diodes and the input transistors have 
identical geometries and are subject to similar 
voltages and temperatures, the following is 
true: 

10 
2 + IS KT . ___ 

q In 10 _ IS 

2' 

( 2IABC) 
:. lout = IS --

10 

IABC 
+ 

lout 

2 2 
KT In 
q IABC lout 

-2- - '2 

for liS I < 10 (6) 
2 

Notice that in deriving Equation 6 no 
approximations have been made and there are 
no temperature dependent terms. The limita
tions are that the signal current not exceed 10/2 
and that the diodes be biased with currents. In 
practice, replacing the current sources with 
resistors will generate insignificant errors. 



ApplicationslV oltage 
Controlled Amplifiers 
Figure 2 shows how the linearizing diodes can 
be used in a voltage controlled amplifier. To 
understand the input qiasing, it is best to 
consider the 13 KO resistor as a current source 
and use a Thevenin equivalent circuit as shown 
in Figure 3. This circuit is similar to Figure 1 
and operates the same. The potentiometer in 
Figure 2 is adjusted to minimize the effects of 
the control signal at the output. 

For optimum signal-to-noise performance, 
IABC should be as large as possible as shown 
by the Output Voltage vs. Amplifier Bias Current 
graph. Larger amplitudes of input signal also 
improve the SIN ratio. The linearizing diodes 

help here by allowing larger input signals for 
the same output distortion as shown by the 
Oistortion vs. Oifferential Input Voltage graph. 
SIN may be optimized by adjusting the 
magnitude of the input signal via RIN (Figure 
2)until the output distortion is below some 
desired level. The output voltage swing can 
then be set at any level by selecting RL. 

Although the noise contribution of the lineariz
ing diodes is negligible relative to the contribu
tion of the amplifier's internal transistors, 10 
should be as large as possible. This minimizes 
the dynamic junction resistance of the diodes 
(re) and maximizes their linearizing action when 
balanced against RIN. A value of 1 rnA is recom
mended for 10 unless the specific application 
demands otherwise. 

30 K GAIN 
~CONTROL 
IlIABC .. . ~ '..'~ 

OUTPUT 

-vs 

Figure_ 2 Voltage Controlled Amplifier 

+ 10 

.... 
lOUT = IS ell:OC) ... .... lOUT = 15-14 

10-IS 10+IS 
2 2 

OJ 

-Vs 

Figure 3. Equivalent VCA Input Circuit 
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Stereo Volume Control 
The circuit of Figure 4 uses the excellent 
matching of the two LM13700 amplifiers to pro
vide a Stereo Volume Control with a typical 
channel-to-channel gain tracking of 0_3 dB_ Rp 
is provided to minimize the output offset 
voltage and may be replaced with two 5100 
resistors in AC-coupled applications. For the 
component values given, amplifier gain is deriv-
ed from Figure 2 as being: . 

Va 
VIN 

= 940 x IABC 

10K 

If Vc is derived from a second signal source 
then the circuit becomes an amplitude 
modulator or two-quadrant multiplier as shown 
in Figure 5, where: 

21S (V-+1.4 V) 

10 RC 

The constant term in the above equation may 
be cancelled by feeding IS x IORC/2(V-+1.4V) in
to lo.The circuit of Figure 6 adds .RM to provide 

VOl 

Figure 4_ Stereo Volume Control 

IABC 
VINZ 30 K 

MODULATION OO-----'\IVIor--------.a 
RC 

VIN I o--'V'I!\r-4-----o--I 
CARRIER 

Figure 5. Amplitude Modulator 

10. 

VINI o-...... V\,ty-... --o-! 
5. 

Figure 6_ Four-Quadrant Multiplier 
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this current, resulting in a four-quadrant 
multiplier where RC is trimmed such that 
Vo = OV for VIN2 = OV. RM also serves as the 
load resistor for 10. 

Noting that the gain of the LM13700 amplifier of 
Figure 3 may be controlled by varying the 
linearizing diode current 10 as well as by varying 
IABC, Figure 7 shows an AGC Amplifier using 
this i;lpproach. As Vo reaches a high enough 
amplitude (3VBE) to turn on the Darlington tran
sistorsand the linearizing diodes, the increase in 
10 reduces the amplifier gain so as to hold Vo at 
that level. 

Voltage Controlled Resistors 
An Operational Transconductance Amplifier 
(OTA) may be used to implement a Voltage Con
trolled Resistor as shown in Figure 8. A signal 

VIN o-'V\rv-...... --c>--f 

3D. 

voltage applied at RX generates a VIN to the 
LM13700 which is then multiplied by the gm of 
the amplifier to produce an output current, thus: 

where gm ~ 19.21ABC at 25°C. Note that the 
attenuation of Vo by Rand RA is necessary to 
maintain VIN within the linear range of the 
LM13700 input. 

Figure 9 shows a similar VCR where the linear
izing diodes are added, essentially improving the 
noise performance of the resistor. A floating VCR 

7. AGC Amplifier 
30. 

+15 V 

loon 
10 • 

....... - ...... -'\/\/1.,.-0 -15 V 

Figure 8_ Voltage Controlled Resistor, Single-Ended 

15. 30. 

+15V 

10 • 
....... -_._-"''''''-0-15 V 

Figure 9_ Voltage Controlled Resistor With linearizing Diodes 
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is shown in Figure 10, where each "end" of the 
"resistor" may be at any voltage within the out
put voltage range of the LM13700. 

Voltage Controlled Filters 

OTA's are extremely useful for implementing 
voltage controlled filters, with the LM13700 

100 K 

-15 V 

2R 
RX=-

gm RA 

having the advantage that the required buffers 
are included on the I.C. The VC La-Pass Filter of 
Figure 11 performs as a unity-gain buffer ampli
fier at frequencies below cut-off, with the cut-off 
frequency being the point at which XcJgm equals 
the closed·loop gain of (R/RA). At frequencies 
above cut-off the circuit provides asingle RC roll
off (6 dB per octave) ofthe input signal amplitude 
with a·3 dB point defined by the given equation, 

100 K 

Figure 10. Floating Voltage Controlled Resistor 

+15 V 

30 K 

1'v---oVc 

--o-OVo 

10 K 

fo=RADm 
(R+RA)27IC 

-15 V 

Figure 11. Voltage Controlled Low-Pass Filter 
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where gm is again 19.2 x IABC at room tempera
ture. Figure 12 shows a VC High-Pass Filter 
which operates in much the same manner, pro
viding a single RC roll-off below the defined cut
off frequency. 

10 K >~-,\Nv-...... -<>-I 

(vos) 
\NULL 

Additional amplifiers may be used to implement 
higher order filters as demonstrated by the two
pole Butterworth Lo-Pass Filter of Figure 13 and 
the state variable filter of Figure 14. Due to the 
excellent gm tracking of the two amplifiers, 
these filters perform well over several decades 
of frequency. 

30. 

10 K 

Vo 
fo=RA9m 

(R+RA)21I'C 

-15 V 

Figure 12_ Voltage Controlled Hi-Pass Filter 

". vcC>---------'w\ro 

lOOK 

'0 

IOOpf 
ODK 

-1!i V 

Figure 13_ Voltage Controlled 2-pole Butterworth Lo-Pass Filter 

ZOK 

2QK 

". 
~--77--------Q---'Wv-~VC 

-15 V 

BANDPASS OUT 

-15 V 

lD-PASS 
OUT 

Figure 14_ Voltage Controlled State Variable Filter 
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Voltage Controlled Osci,lIators 

The classic Triangular/Square Wave VCO of 
Figure 15 is one of a variety of Voltage Controlled 
Oscillators which, may be built utilizing the 
LM13700. With the component values shown, 
this oscillator provides signals from 200 kHz to 
below 2 Hz as IC is varied from 1 mA to 10nA. The 
output amplitudes are set by IA x RA. Note that 
the peak differential input voitage must be less 
than 5 volts to prevent zenering the inputs. 

A few modifications to this circui,t produce the 
ramp/pulse VCO of Figure 16.When V02 is high, 

Ve 

IF is added to IC to increase amplifier A1's bias 
current and thus to increase the charging rate of 
capacitorC. When V02 is 10w,IFgoes to zE!ro and 
the capacitor discharge current is set by Ic. ' 

The VC Lo-Pass Filterof Figure 11 may be used to 
produce a high-quality sinusoidal VCO. The 
circuit of Figure 16 employs two LM13700 
packages, with three of the amplifiers configured 
as lo-pass filters and the fourth as a limiter/· 
inverter. The circuit oscillates at the frequency at 
which the loop phase·shift is 360· or 180· for the 
inverter and 60· per filter stage. This VCO 
operates from 5 Hz to 50 kHz with less than 1 % 
THO. 

Figure 15. Triangular/Square·Wave veo 

" Figure 16. Ramp/Pulse veo 

Figure 17. Sinusoidal veo· 
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10 K 

_......,""'-+_Vc 

Vo 

Figure 18. Single Amplifier VCO 

Figure 18 shows"how to build a VCO using one 
amplifier when the other amplifier Is needed for 
another function. 

Additional Applications 
Figure"19 presents an i~teresting one·shot which 
draws no power supply current until it is trig· 
gered. A positive·going trigger pulse of at least 
2V amplitude turns on the amplifier through RS 
and pulls the non-inverting input high_ The 
ampl ifier regenerates and latches its output high 
unti I capacitor C charges to th(l voltage level on 
the non-inverting input_ The output then 
switches low, turning off the amplifier and 
discharging the capacitor. The capacitor 
discharge rate is speeded up by shorting the 
diode bias pin to the inverting input so that an 
addition·al discharge current flows through DI 
when the amplifier output switches low. A 
special feature of this timer is that the other 
amplifier, when biased from VOl can perform 
another function and draw zero stand-by power 
as well. 

The operation of the multiplexer of Figure 20 is 
very straightforward. When A 1 is turned on it 
holds Vo equal to VIN1 and when A2 is 
supplied with bias current then it controls VO. 
Cc and RC serve to stabilize the unity-gain 

....... ---ovo 

Figure 19. Zero Stand·by Power Timer 

121 12K 

+11" 
O."v Q 

10K 

Figure 20. Multiplexer -uv 

configuration of amplifiers A 1 and A2. The max
imum clock rate Is limited to about 200 KHz by 
the LM13700 slew rate Into 150 pF when the 
(VIN1-VIN2) differential is at its maximum 
allowable value of 5 volts. 

The Phase·Locked Loop of Figure 21 uses the 
four-quadrant multiplier of Figure 6 and the 
VCO of Figure 18 to produce a PLL with a ± 5% 
hold·in range and an input sensitivity of about 
300 mV_ 

301( 

10 I( 

301 

Vo 
IC=1 KHz 
±5% 
HOlOIN 
RANGE 

Figure 21. Phase Lock Loop 
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The Schmitt Trigger of Figure 22 uses the 
amplifier output current into R to set the 
hysteresis of the comparator; thus VH = 2 x R x 

82 K 

vo 

10 K 

-5 V 
R 10 K 

Figure 22. Schmitt Trigger 

33 K 10 

lB. Varying IB will produce a Schmitt Trigger 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency·to· 
Voltage converter. Whenever A1 is toggled by a 
positive·going input, an amount of charge equal 
to (VH-VIJ Ct is sourced into Cf and Rt. This 
once per cycle charge is then balanced by the 
current of VO/Rt. The maximum FIN is limited 
by the amount of tim~ required to charge Ct 
from VL to VH with a current of IB, where VL 
and VH represent the maximum low and max
imum high output voltage swing of the 
LM13700. D1 is added to provide a discharge 
path for Ct when A1 switches low. 

The Peak Detector of Figure 24 uses A2 to turn 
on A1 whenever VIN becomes more positive 
than VO. A1 then charges storage capacitor C to 
hold Vo equal to VIN PK. Pulling the output of A2 
low through D1 serves to turn off A1 so that Vo 
remains constant. 

IN914 

-15 V 

1-'--'Q---oVo'" 10mVX.!lli.. 

Rt 
36 K 

Hz 

Figure 23. Tachometer 

+ 15 V rI PEAK DETECT 

-15 V ---1 L - '''''---'--
HOLD 

IN914 

30 K +15V 

"'--Q---o Vo 

10 K -15 V 

Figure 24. Peak Detector and Hold Circuit 
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The Ramp-and-Hold of Figure 26 sources IB 
into capacitor C whenever the input to A1 is 
brought high, giving a ramp-rate of about IV/ms 
for the component values shown. 

The true RMS converter of Figure 27 is essen· 
tially an automatic gain control amplifier which 
adjusts its gain such that the AC power at the 
output of amplifier A1 is constant. The output 
power of amplifier A 1 is monitored by squaring 
amplifier A2 and the average compared to a 
reference voltage with amplifier A3. The output 

'0 K 
:rLSAMPlE 

<>-'VVv----O_5 HO LO 

of A3 provides bias current to the diodes of A1 
to attenuate the input signal. Because the out
put power of A 1 is held constant, the RMS value 
is constant and the attentuation is directly pro
portional to the RMS value of the input voltage. 
The attenuation is also proportional to the diode 
bias current. Amplifier A4 adjusts the ratio of 
currents through the diodes to be equal and 
therefore the voltage at the output of A4 is pro
portional to the RMS value of the input voltage. 
The calibration potentiometer is set such that 
Vo reads directly in RMS volts. 

RAMP 
UP 

RAMP 

Jl~5V 43K ~ 
_~v *15Vr! 

ENA8LE~ 

~:::~ 
OOWN 

+15V 

L + 

VLv H 
"1'000" 
RC loon 

Vo 

, K 

-5 V 

Figure 25. Sample-Hold Circuit 

o.I~F 

VIN o-j ~'\/)(j~-+--Q--l 

Vo 0-----11-+-< 
~ 1 % ACCURATE 

ID 

RAMP 

v, 

Figure 26. Ramp and Hold 

5 K 12 K 

5.1 K 
30 K 

10 K 

-15 V 

30 K 

2 K . 

1.2K 
,..--J'VV'r-_-'V'..rv--o +15 V 

Figure 27. True RMS Converter 
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The circuit of Figure 28 is a voltage reference of , 
, variable Temperature Coefficient. The 100 KG 
potentiometer adjusts the outpu·t voltage which 
has a positive TC above 1.2' volts, zero TC at 
about 1.2 volts and negative TC below 1.2 volts. 
This is accomplished by balancing the TC of. 
the A2 transfer function against the com-. 
plementary TC of 01. ' 

The wide dynamic range of the LM13700 allows 
easy control of the output pulse width in the 
Pulse Width Modulator of Figure 29. 

For generating IABC over a range of 4 to 6 
decades of current, the system of Figure 30 pro
vides a logarithmic current out, for a linear 
voltage in. 

Since the closed-loop configuration ensures 
that the input to A2 is held equal to OV, the out· 
put current of A1 is equal to 13 = - VC/AC. 

The differential voltage between 01 and 02 Is 
attenuated by the Al ,A2 network so that A 1 may 

I K 

100 K 

be assumed to be opera,ling within its linear 
range. From equation (5), the input voltage to Al 

Is: -2KT13 2KTVC 
, VINI = --qi2 =, ~ 

The voltage on the base of 01 is then 
_( R...;i,-+_R.::21,...V...;Ic.:.;N:.:.'1 

VBl = R, 
The ratio of the 01 to 02 collector currents is 
defined by: 

KT IC2 KT IABC 
VBl =-In -""-In--

q ICI q 11 

Combining and solving for IABC yields: 

2(Rl+R21 Vc 
IABC = l,e R,12RC 

This logarithmic current can be used to bias the 
circuit of Figure 4 to provide temperature in
dependent stereo attenuation, characteristic. 

liD K 
+15 Y c>--'\IV\r- + 15 V 

Your 
<1,2 

100 K 

-IS V 

Figure 28. Delta VBE Reference 

CLOCK IN o-f t-'\Mrl----""":'----t-.., 
5DDpF 

·111D It 

--j"J-" "C! 

JlJ"L • 
v •• , I--,....J 

Figure 29. Pulse Width Modulator 
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, K 

-15 V 

-Vc 150 K 
+IS V 

-elJ 

IABC;(e~ 

Figure 30. Logarithmic Current Source 
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~National 
~ Semiconductor 

Audio/Radio Circuits 

TBA120S IF Amplifier and Detector 

General Description 
The TBA120S is a monolithic integrated circuit specific
ally designed for audio detection in TV and FM radio 
receivers. It incorporates an 8-stage I imiting I F amplifier 
and balanced detector plus a dc operated volume control. 

Features 
• Electronic attenuator: replaces conventional ac volume 

control 

• Volume reduction range 85 dB typ 

• Sensitivity: 3 dB limiting voltage 30lN typ 

The TBA120S is supplied in four groups depending on 
the resistance required between pin 5 and ground to 
attenuate the audio output by 30 dB. The group number 
as defined below is marked on the package. 

GROUP II III IV V 

R5-Gnd 1.9·2.2 2.1-2.5 2.4-2.9 2.8-3.3 kQ 

• I;xcellent AM rejection 68 dB typ at 10 mV Pins 3 and 4 are connected to the collector and base of a 

• Audio output voltage IV typ 

• Wide supply voltage range (6-18V) 

• I nternal zener diode regulator 

• Very low external component requirement 

• Simple detector alignment: one coil 

Connection Diagram 
Dual-In-Line Package 

14 
GNO INPUT 

BIASDECOUPLING 
13 

INPUT BIAS 

TRANSISTOR COLLECTOR 
12 

ZENER 

TRANSISTOR BASE l' Vee 

VOLUME CONTROL 1D IF AMPLIFIER OUTPUT 

IF AMPLIFIER OUTPUT PHASE SHIFT NETWORK 

PHASE SHIFT NETWORK AUDIO OUTPUT 

TOP VIEW 

Typical Application (5.5 MHz) 

+lSV 

transistor which may be used as an AF-preamplifier or 
as a switch. 

At pin 12 a zener-diode is accessible which can be used 
to stabilize the supply voltage of this integrated circuit 
or the voltage of other circuit elements in the set. 

Order Number TBA120S II, TBA120S III, 
TBA120S IV or TBA120S V 

See NS Package N14A 

Order Number TBA120SQ II, TBA120SQ III, 
TBA120SQ IV, TBA120SQ V 

See NS Package N14C 

Test Circuit (5.5 MHz) 

+12V 
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Absolute Maximum Ratings 
Supply Voltage, Vll 18V Transistor Base Current, 14 2mA 
Volume Control Voltage, V5 4V Bias Resistance (Max), R13-14 lkn 
Zener Current, 112 20mA Operating Temperature Range -15°C to +70°C 

Transistor Collector Current, 13 5mA Storage Temperature Range -65°C to +150°C 

Electrical Characteristics (VCC = 12V, TA = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ICC Supply Current R5 = 00 10 14 18 mA 

R5 = 0 11 20 mA 

GV I F Voltage Gain f = 5.5 MHz 68 dB 

Vo I F Output Voltage, Each 170 250 mVp-p 

Output, at Limiting 

Vaf AF Output Voltage f = 5.5 MHz, Af = ±50 kHz, 0.7 1.0 V 

fMOD = 1 kHz, VI = 10 mV, 

0=45 

Distortion (5.5 MHz) f = 5.5 MHz, t.f = 25 kHz, 1.5 % 

fMOD = 1 kHz, VI = 10 mV, 

0= 45 

Distortion (10.7 MHz) f = 10.7 MHz,t.f = ±50 kHz, 0.2 % 

fMOD = 1 kHz, VI = 10 mV, 

0=20 

VUM Input Voltage Before Limiting f = 5.5 MHz, t.f = ±50 kHz, 30 60 IlV 

fMOD = 1 kHz, 0 = 45 

ZI Input Impedance f = 5.5 MHz 15/6 40/4.5 kn/pF 

RO Output Resistance 1.9 2.6 3.3 kn 

Vaf max Volume Control Range 70 85 d8 ---
Vaf min 

V8 DC Component of the VI = 0 6.2 7.3 8.4 V 

Output Signal 

aAM AM Rejection f = 5.5 MHz, t.f = ±50 kHz, 50 60 dB 

fMOD = 1 kHz, VI = 500llV, 

m = 30% 

aAM AM Rejection f = 5.5 MHz, t.f = ±50 kHz, 68 dB 

fMOD = 1 kHz, VI = 10 mV, 

m=30% 

R5 Potentiometer Resistance 1 dB Attenuation 3.7 4.7 kn 

V5 Voltage 1 d8 Attenuation 2.2 2.5 V 

R5 Potentiometer Resistance 70 dB Attenuatio!1 1.0 1.4 kn 

V5 Voltage 70 dB Attenuation 1.2 V 

Noise Voltage at Output VI = 10 mV 30 IlV 

V12 Zener Voltage 112 = 5 mA 11.2 12 13.4 I V 

RZ Zener Slope Resistance 30 50 n 

Vcbo Breakdown Voltage 45 65 V 

Vceo Breakdown Vol tage 13 = 500llA 18 24 V 

hfe Current Gain 13= 1 mA 50 100 500 
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TBA120U, TBA120T IF Amplifier and Detector 
General Description 
The TBA120U, TBA120T is a monolithic integrated 
circuit specifically designed for audio detection in TV 
and FM radio receivers. It incorporates an 8 stage limiti(lg 
I F amplifier and balanced detector plus a DC operated 
volume control. The circuit also provides connection 
facilities for a vi'deo tape recorder. The TBA 120T is 
designed primarily for use with ceramic filters while the 
TBA 120U is optimized for inductive tuning. 

Block and Connection Diagrams 
11 

VSUPPLY 

Features 
• Electronic attenuator: replaces conventional AC 

volume control 

• Volume reduction range: 85 dB typ 
• Sensitivity: 3 dB limiting voltage 30J,lV typ 

• Excellent AM rejection 68 dB typ 500!J.V 
• Wide supply voltage range (6 to 18V) 

• Easy video recorder connection 
• Very low external component requirement 

• Simple detector alignment: one coil 

v,, 
Ik 

~--------------------------t-------------------------r=~~~-o12 

+ 

14 o-+--p--ih 

X BOO 

13o-+-_Hf--C= ..... - .... -+-... ----I x 

GNO 

BIAS DECUUPLING 

RE'!ORDER AUDIO INPUT 

VOLUME CONTROL BIAS 

VOLUME CONTROL 

IF AMPLIFIER OUTPUT 

PHASE SHIFT NETWORK 

TOP VIEW 

10 

14 IF INPUT 

13 IF INPUT BIAS 

12 CONSTANT LEVEL AUDIO OUTPUT 

11 
Vee. 

10 IF AMPLIFIER OUTPUT 

PHAse SHIFT NETWORK 

VOLUME CONTROLLED AUDIO OUTPUT 

500· 
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V" 
(CONSTANT) 

V" 
(VOLUME 
CQNTROLLABlE' 

V4"4.8V 
*Only TBA 120T 

**Only TBA120U 

Order Number TBA 120U or TBA 120T 
See NS Package N14A 

Order Number TBA120TO or TBA120UO 
See NS Package N14C 



'Absolute Maximum Ratings 
Supply Voltage, Vll 18V Current Pin 4, 14 5mA 
Operating Temperature Range, T u -15°Cto+70°C Operating Frequency Range: f Oto 12 MHz 
Storage Temperature Range, T s -40°C to +125°C Power Dissipation, Ptot 400mW 
Voltage Pin 5, V5 6V Resistor Parallel to Pins 13 and 14 1 kn 

Electrical Characteristics (VCC = 12V, TA = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ICC Supply Current 9.5 13.5 17.5 mA 

Gv IF Voltage Gain f= 5.5 MHz 68 dB 

Vo IF Output Voltage (Each Output 250 mVp-p 

Limiting) 

R8 Output Impedance 1.1 kn 

R12 1.1 kn 

R3 Input Impedance 2 kn 

R4 Regulator Impedance 12 n 

VB DC Output Level Vi =0 4 V 

V12 Vi = 0 5.6 V 

V4 Regulator Voltage 4.2 4.B 5.3 V 

Vaf max 
--- Volume Control 70 85 dB 
Vaf min 

Vaf8 
-- Video Recorder Output Ratio 7.5 
Vaf3 

VUM Sensitivity Vaf - 3 dB, f = 5.5 MHz 30 60 /lV 

VB 
-- Supply Rejection 35 dB 
Vll 

V12 
-- 30 dB 
V11 

R4-R5 Impedance 1 10 kn 

Vaf max R4--R5 = 5 kn 20 28 36 dB 
--- Output Ratio 

Vaf8 R5-R1=13kn 

TBA 120T Only 

Zj Input Impedance f = 5.5 MHz 800/5 n/pF 

aAM AM Rejection f = 5.5 MHz 50 60 dB 

m = 30% 

~f = ±50 kHz 

Vj=500/lV 

fMOD = 1 kHz 

VafB A. F. Output Voltage f = 5.5 MHz 900 mV 

fMOD = 1 kHz 
Vaf12 ~f = ±50 kHz 650 mV 

TBA120U Only 

Zi Input Impedance f= 5.5 MHz 15/6 40/4.5 kn/pF 

aAM AM Rejection f= 5.5 MHz 50 60 dB 

Vj = 500/lV 

fMOD = 1 kHz 

At = ±50 kHz 

m=30% 
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Electrical Characteristics (Continued) (VCC= 12V, TA = 25°C) 

PARAMETER CONDITIONS 

TBA120U Only (Continued) 

VafS A.F. Output Voltage f=5.5MHz 

fMOD = 1 kHz 

Llf = ±50 kHz 

Vi = 10mV 

0B =45 

Vaf12 A.F. Output Voltage 

k Distortion f = 5.5 MHz 

Llf = ±50 kHz 

fMOD = 1 kHz 

0B =45 

Vi=10mV 

T~p!{!~1 Application (5.5 MHz) 

5lipF 

o-iDf-+ cr-J m 0--..---..----1 

1. 1. lli""r 
TBA1ZoT TBA1Z0U 

j--o 
!-o 
!-o 

Circuit for Direct Connection to Video Recorders 

TOTBA1Z0T, 
TBA12DU 

\lIOEO-
RECORDER lZVIFREE 

(21 (11 

MIN TYP MAX UNITS 

1.3 V 

1.0 V 

1 % 

':{f~ 

f 47nF 

Ik 

33DpF 

',TBAI2DT 

Socket 1: SWitching voltage: on playback 
12V on record open circuit. 

Socket 2: Video recorder input/output. 

'---------------+AUDIO 
AMPLIFIER 
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~ Schematic Diagram TBA120U 

;( 
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TDA2003 Audio Power Amplifier 

General Description Features 
The TDA2003 is an audio power amplifier designed prima
rily for automotive applications. Its hiQh current capability 
and low saturation resistance of the output drivers ena
bles the device to deliver large power outputs into low im· 
pedance loads where supply voltage is a limiting factor. 

• Short circuit protection 

Typical Application 

iii ~11!",!"ly nVF:t.r-vnlt~ap rrotpr.tinn 

• Thermal shutdown protection 

• Low distortion 

• Low noise 
• Externally programmable gain 

Ll 
0.2 mH 

r--------------.------~rT~~--o+Vs 
C3 

0.1 ~F 

I 

C2 

820 PFT Cl 
TZ5DO~F 

C6 
0.1 ~F 

I Cx : 
I :; I 
L. _____ -: r-----...... 

Rx=20R2 

c __ 1_ 
x- 2,.. BwRl 

FIGURE 1 

Order Number TDA2003T 
See NS package T05B 
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Absolute Maximum Ratings 
PeakSupply Voltage 50 ms (Load Dump, see Test Circuit) 50V 
DC Supply Voltage(Continuous) 30V 
Operating Supply Voltage 20V 
Output Peak Current (Repetitive) 3.5A 
Output Peak Current (Non·Repetitlve) 4.5A 

Electrical Characteristics TA = 25'C, Vs = 14.4V (unless stated otherwise) 

Parameter Conditions Min 

~upply Voltage 6 

Quiescent Current (Pin 5) 50 

Quiescent Voltage (Pin 4) 6.1 

Output Power 
RL=40 THD=10%,f=1 kHz 5.5 

Av=40 dB 
RL=20 THD=10%,f=1 kHz 9.5 

Av=40 dB 

Distortion (THO) 
RL=40 Po = O.05W-4.5W 

Av=40dB,I=1 kHz 
RL=20 Po= 0.05W-7.5W 

Av=40 dB, 1= 1 kHz 

Open Loop Voltage Gain 

Closed Loop Voltage Gain 

Input Noise Voltage 

I nput Resistance f= 1 kHz 70 

Application Circuit 

FIGURE 2. 20W Bridge Amplifier 

Typ 

6.9 

6 

10 

0.12 

0.18 

80 

40 

150 

Max Units 

20 V 

100 mA 

7.7 V 

W 

W 

% 

% 

dB 

dB 

5 I'V 

kO 

Voltage and current swings for a bridge 
amplifier are twice that of a single-ended 
amplifier; i.e., with the same RL. the 
bridge configuration can deliver an out
put power that Is four times the output 
power of a single·ended amplifier. Care 
must be taken when selecting Vs and AL 
in order to avoid an output peak current 
above the maximum rating, 

Vs·2 VCE sat 
i.e., RL min 

lomax 

BRIDGE AMPLIFIER DESIGN FORMULAE 

Max output voltage swing 
(1/2 wave belore clipping) 

Max output current swing 
(1/2 wave belore clipping) 

Max output power 
(belore clipping) 

Single· Ended 

1/2 (Vs - 2 VCE sat) 

(Vs - 2 VCE sat) 

2RL 
(Vs - 2 VCE sat)2 

8R L 
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Vs-2 VCE sat 

Vs-2VCE sat 

RL 
(Vs - 2 VCE sat)2 

2RL 



Test Circuits 

POWER 
SUPPLY 

OVoc-120Voc 

0.2 mH 

0.1 p.F 

1 
470 p.F 

FIGURE 3. Ie Audio Amplifier 

CHANGE OVER SWITCH r--------, 
CURRENT LIMIT I 0 I 

I 

FIGURE 4. Load Dump 
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LM1017 4·Bit Binary 7·Segment Decoder/Driver 

General Description 

The LM1017 is a monolithic IC which decodes 4-bit 
"binary plus one" coded input signals and supplies 
1 1I2-digit TV channel display information. The outputs 
are designed to drive a 7-segment common cathode LED 
display with up to 25 mA depending on thermal dissi
pation requirements. Improvements in circuit aeslgn 
enable the device to operate from 5V to 12V supply. 
A brightness control facility is included. 

Connection Diagram 

BRIGHTNESS 1 0 • 

r J 
--

0 
DATA C"";' -- INPUTS B..! 

LM1017 

A...!.. 

6 

7 -- 8 

I 
VSUPPLY = 5V 

Features 

• A direct replacement for SN29764 but with 12V 
supply capability 

• TTL compatible inputs with high input voltage 
immunity 

" Channel displays are from 1 to 16 

• Current-driven output stages for LEDs protect against 
excess thermal dissipation 

• Continuously variable brightness control 

• Low stand-by quiescent current supply consumption 

• Suitable for NSN583 0.5 inch LED display 
• Inputs are suitable for direct drive from MOS outputs 

16 
- +SUPPLY 

,!;.i 

~h 
a 

.!:.g h/'l-:-/b ..!!., 
i/e/~r 11 

_e OUTPUTS 

10 d 
-d 

9 
-c 

Order Number LM1017N 
See NS Package N16A 

b 

a 

For 12V supply. external resistors must be used between the output pin 
and segment to limit device dissipation. 
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Absolute Maximum Ratings 
Supply Voltage, Pin 16 13.SV Storage Temperature Range -55°e to +150oe 
Input Voltage, Pins 2-5 30V Junction Temperature 1500 e 
Input Voltage, Pin 1 . 13.5V Lead Temperature (Soldering, 10 seconds) 3000 e 
Operating Temperature Range O°Cto+70°C , , 

Electrical Characteristics V16'" SV, TAD 2Soc 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Current per Segment Ouiescent Current, Pin 16· Pin1=2V 12 20 rnA 
Pin 1 = SV 4 rnA 

Input LogiC Voltage Pins 2 .. 5 

H Signal 2 V 

L SignOI 0.8 V 

Input Current, Pins 2-5 V2-S" 2.4V 1 IlA 
V2-6=OV -5 IlA 

Input Current, Pin 1 17-1S"' -1SmA -350 IlA 

Output Current, Pins 7 -15 V1=OV -16 -22 rnA 
V1" 2V -12 rnA 
V1 "V16 -20 IlA 

Minimum Sat\lration Between Output Terminals IOUT"-20mA 1.4 V 
7-15 and 16 

Package Thermal Resistance, 8 JA 100 °e/W 

Note. To limit device temperature at supply voltages> 5V, the following condition mull be maintained: B IVSUPPL Y _ VOUT) lOUT < ~ - T A . 
. 125 9JA 

Eg. For 12V supply and 20 mA lOUT into 2V LED, TA = 25"C: 8 112 - VOl 0.02 < iiiii' 

i.e., Vo > 4.2V:. series output resistance = ~ = lIon. 
. 20mA 

See application notes for use of common series resistance between LED cathodes and ground. 

Truth Table 

CHANNEL 
INPUT OUTPUT 

D C B A BA • b c· d e f g h i 

1 L L L L L ON O~ 
2 L L L H L ON ON ON ON ON 
3 _ L L H L L ON ON ON ON ON 

4 L L H H L ON ON ON ON 

5 L H L L L ON ON ON ON ON 

6 L H L H L ON ON ON ON ON ON 

7 L H H L L ON ON ON 

8 L H .H H L ON ON ON ON ON ON ON 

9 H L L L L ON ON ON ON ON ON 

10 H L L H L ON ON ON ON ON ON ON ON 

11 H L H L L ON ON ON ON 

12 H L H H L ON ON ON ON ON ON ON 

13 H H L L L ON ON ON ON ON ON ON 

14 H H L 'H L ON ON ON ON ON ON 

15 H H H L L ON ON ON ON ON ON ON 

16 H H H H L ON ON ON ON ON ON ON ON 

OFF X X X X H 
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Circuit Schematic (One Circuit Shown) 

----... ----1~_1~--- SUPPLY 

BRIGHTNESS ~-'\i'V'v--4~-I 

REFERENCE 

INPUTS A-O 

OECODE 
MATRIX 

Output Characteristics 

25 

20 

1 15 .. 
'" -T 10 

o 

20 

16 

1 12 

!; .. 
"T 

o 

20 

16 

1 t2 

!; 
!? 

o 

V16-5V 

\ 
o 

VOUT IVI 

'1'\ 
V16- 5V 

\ 

\ 
1\ 

o 
VI 

/'" 
/ 

.IV 
/ 

/ 

o 100 200 300 400 500 

-ll("AI 
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,.... 
s '- Typical Applications 
~ 

:IE 
..J 

When operating with a 12V supply line, it is necessary to 
limit the power dissipation in the IC by means of exter
nal resistance in series with the LED segments. (Max 
package dissipation at 70°C = 800 mW.) 

A minimum voltage of 2.5V should be allowed across 
the output driver pins between supply and outputs. 
Allowing l.4V for the LED segments, a simple econom
ical solution using only 1 resistor can be proposed as 
follows: 

SEGMENTS 

Maximum no of ON segments = 8 

BOO 

~ 
700 

&00 
is 

500 S 
ii 400 

" 300 w .. 
'" 200 ~ ::: 100 

o 
1 

20 lAlSE~MEN~ -V // ......... 
./ "/ 15 mAISEGMENT 

"/ 

_jL=4j" 1.2WMAXATZOm~_ 
O.~ W MAX AT 15 mA 

4· 

SEGMENTS ON 

For 20 mA/segment, maximum voltage allowed across 
RL will be: 

12-2.5- 1.4~8V 

:. RL max = 8/8 x 0.02'" 47n 

For 15 mA/segment (max). R L max = 5Sn. 

Alternative methods of limiting Po at 12V supply. 

With a series resistance between each output and seg· 
ment, the recommended resistance per segment at 
20 mA maximum will be: 

(12 - 2.5 - 1.4)/0.02 £ 390n 

If a zener is used, maximum zener voltage = 8V. (The 
zener can be common between LED display cathode 
and ground.) 
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LM1019N Digital Tuning Station Detector 

General Description Features 

• Noise gated sync separator The LM1019N is a monolithic integrated circuit for 
identifying a valid picture when digitally tuned tele
vision receivers are used in the "search" mode_ 

• Coincidence detector between sync and fly back 

Connection Diagram 

• Comparator to set AFC voltage at which output 
triggers 

Dual-In-Line Package 

IBV I 
DIGITAL SUPPLY"" 

NC2. 

NC..l 

12V SUPPL y..! 

FLYBACK 5 
PULSE INPU:r-

COINCIDENCE 6 
DETECTOR INPUT-

SYNC 7 
SEPARATOR OUTPui-

VIDEO INPUT...!. 

u 

TOP VIEW 

~GND 
~~DMPARATOR 

COMPENSATION 
c!!.COMPARATOR 
c-OUTPUT 
13 COMPARATOR 
~NON-INVERTlNG INPUT 

tE-~~~::~:~~:PUT 
.,1!.. TRIGGER OUTPUT 

fl!!. ~~~;~:::~~~~I~~NSTANT 
~ NOISE GATE INPUT 

Order Number LM1019N 
See NS Package N16A 
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Absolute Maximum Ratings 

Vl-16 
V3-16 

111 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

20V 
14V 

10mA 
O°C to+70dC 

-65°C to +150°C 
300°C 

Electrical Characteristics Vl-16= 18V, V3-16= 12V, TA= 25°C 

PARAMETER CONDITIONS 

Supply Current, 13 

Supply Current, 11 

Video Signal 

Input Voltage Range 

Input Current Driving Sync Pulse 

Noise Gating 

I nput Voltage 

I nput Current 

Flyback Pulse 

Input Voltage 

I nput Current 

Input Resistance 

Pulse Deviation f = 15,625 Hz 

Composite Sync Pulse Output (Pin 7) 

Output Voltage 

Output Resistance at Leading Edge 

Output Resistance at Trailing Edge 

Coincidence Detector 

Sync Input Voltage (DC Restored by 

Internal Diode) 

Input Resistance VS> 0.7V 

Vs < 0.7V 

Trigger Circuit 

Input Voltage, Vl0 Vll High 

Vll Low 

Output Leakage, 111 Vl0< 2V 

Output Voltage, Vll Vl0>4.5V 

III = 1 mA 

Comparator 

Input Bias Current 

Input Offset Voltage 

Voltage Gain Pin 14 Open Circuit 

Output Current 

I nternal Load Resistance 

Rl-14 

Input Common·Mode Range 

11·8 

MIN TYP MAX UNITS 

6 mA 

2 mA 

7 Vp·p 

100 /1A 

0.7 V 

0.03 10 mA 

0.7 V 

0.05 1 mA 

400 n 

10 /1S 

10 Vp·p 

50 n 

2 kn 

6 V 

5 kn 

10 kn 

2 V 

4.5 V 

100 /1A 

0.2 0.5 V 

10 /1 A 

25 mV 

5000 

10 mA 

7 13 kn 

0 Vl-5 V 



Typical Applications 
The LM 1 019 provides a "stop" signal to the tuning 
system when a picture is received but because of the 
delay in the system when operating in the fast ramp 
mode, the tuner will normally have passed the optimum 
tuning point. The "stop" signal therefore ceases and the 
tuning system reverses direction at a reduced rate. When 
the.AFC reaches its correct level a further "stop" signal 
is given which ends the search routine. 

Figure 1 shows the block schematic of the LM1019 with 
the required external components for a typical applica
tion. 

Video with positive-going sync pulses is fed through a 
low pass filter to prevent noise being mistaken as sync 
pulses. It is then fed to a sync separator which gives a 
positive signal output at pin 7 during the sync period. 

A noise gate is also provided such that when the voltage 
~!"! P!!"! 9 ~":~':I~nc: n 7\1 the !iync seoarator is inhibited. 
This can be utilized by coupling video through a high 
pass filter into pin 9. However, the system works well 
even without this, and if not required, pin 9 can either 
be grounded or left open. 

The processed sync pulses are AC coupled to the coinci
dence detector on pin 6 because in the event of there 
being no video input, pin 7 rises to the high state. Fly
back pulses of greater than lV in amplitude are applied 
to pin 5 and when this is coincident with the video sync 
pulse, a current pulse is provided by pin 10. 

After a predetermined number of coincident pulses (set 
by the delay capacitor on pin 10), the Schmitt trigger 
operates, grounding pin 11. This brings down the voltage 
applied to the final comparator input from 12V to the 
required AFC trigger level set by R 1 and R2. Typically 
this will be in the range of 6-10V. 

The AFC control voltage is applied to pin 13. This is 
always less than 12V so that until the sync pulses and 
the fly back are synchronized, the main output on pin 14 
is always low. However, once synchronization is achieved 
and pin 12 is at a lower reference level, the AFC voltage 
will rise above this reference and then below it as the 
tuner passes through the AFC detector range. 

Pin 14 thus rises to 18V and then returns to a low level. 
As the tuner then reverses slowly, pin 14 again goes high 
when the AFC voltage equals the reference on pin 12. 
This terminates the search routine. 

Positive feedback can be provided to give a clean transi
tion and to prevent multiple pulses being sent to the 
tuning circuits. 

This is merely one possible configuration of the circuit. 
The output amplifier can be used in the inverting mode 
if the AFC S curve is inverted. A compensation point is 
also provided for application involving negative feedback 
where the amplifier may need stabilizing. 

FLY BACK 
PULSE (> IVI 

12V-e~--------~----------------~----~ r---------1'"" IBV 

y~~~~ o-~I\'k,.,. .... ----t--t 
47k 

I.F 

R2 

FIGURE 1 
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LM1821S Video IF PLL Synchronous Detector 

General Description 
The LM1821S is a monolithic integrated circuit specifically 
designed to perform video detection in a color television 
receiver or cable TV decoder. The device employs a phase
locked loop (PLL) for true synchronous detection, and in
cludes post video amplification with noise inversion and 
buffered outputs. An automatic fine tuning (AFT) detector 
with a defeat pin is also provided. 

Typical Application 

Features 
• Wide range PLL oscillator 
• Detector very linear at low levels 
• Adjustable zero-carrier level 
• White-spot noise inversion 
• Second video output for sound carrier 
• Automatic fine tuning detector 
• Ease of detector alignment 

• Usable to 70 MHz 

VO~V+ 

AFT DUTPUT 
lZ 11 10 

( 

AFTDEFEAT 

14 n'3 

~ T,m" -~i-
ZERO CARRIER 
BIAS A~JUST 

VIDEO DUTPUT 

V 
. SOUND 

-:>--..... ---,H--t-+--o9 ~f::OOFF 

I 
I 
I 
I 

,~ GROUN~ i..L t------I----+--t--7---tI-,----' 

~ L_~_ ________ ___ _ ___ L~B~J 

VIDEO IF INPUT 

D.1ILF 

~ 
650 
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PLL FILTER 

7 VCO OSCILLATOR TUNING 

L~O.Z"H 
Q= 100 

OUTPUT 
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Absolute Maximum Ratings 
Power Supply Voltage 
Power Supply Current 

Input Signal Voltage 

Device Dissipation 
Thermal Resistance, 8JA 
Operating Temperature Range 

Storage Temperature Range 
Lead Temperature{Soldering, 10 seconds) 

15V 
100mA 

1Vrms 
1.5W 

55·CIW 
O·Cto + 70·C 

-65·Cto +150·C 
265·C 

DC Electrical Characteristics (Reference Test Circuit, all SW position 1 unless noted) 

Parameter Conditions Min Typ 

Supply Current, 18 + 110'. 35 55 
....... ___ • __ A.'l .. _","_I.1. ___ \,<4 ... 

8'."-: 1 f1:::::!::~ 2 7.9 8.5 U ,",0.111'01 l"\uJuo:n VUII.g.~"'J v I I 

o Carrier Output Voltage, V9 SW 1 Position 2 6.8 8.5 

o Carrier Bias Difference, V11-V9 SW 1 Position 2 0 

o Carrier Output Voltage, V10 Adjust V11 for V9 = 7.0V 6.0 6.3 

AFT Output Reference, V12 2.5 3.0 

AC Electrical Characteristics (SW 2 position 2, VIN = 100 mVrms, see Set-Up Procedure) 

Parameter Conditions Min Typ 

Detector Gain, V10 2_3 3.6 

Output Capability, V10 VIN=500 mVrms 1 

AFT Maximum Output, V12 SW 4 Position 2, f IN =44.5 MHz 9 10 

AFT Minimum Output, V12 SW 4 Position 2, fiN = 45.5 MHz 0.4 

APT Pull-In Range Difference Between Upper and Lower 1 3 
Lock Frequencies 

NOise Inversion Defeat Voltage SW 3 Position 2, Adjust V5 for Beat 0.3 
Frequency at Pin 10, Measure 
Difference in (-) Peaks 

Set-Up Procedure 
fiN = 45.0 MHz, VIN = 100 mVrms, CWo 

Max 

75 

9.0 

10.2 

±1.3 

6.5 

3.5 

Max 

4.4 

2 

1 

±0.6 

a) Monitor pin 10 and adjust VCO tank for DC output, indicating lock. Continue to adjust for V5 = 5.2V. 

b) Adjust limiter tank for minimum pin 10 voltage_ 
c) With SW 4 in position 2, adjust AFT tank for 3V on pin 12. 
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Units 
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V 

V 
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Units 

V 

V 

V 

V 

MHz 
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Test Circuit 

IF~ INPUT _ 

~ V5r 1 

":' O.IIlF l' 1'0.I IlF 

+0-.-0+ -
.. -1:!:... rnA 

12.0V IIlF 

IT 

T indicates # turns on 1/8" form 
High frequency operation requires tight layout 

Connection Diagram 

LIMITER 

3.3k 

14 

13 

12 

11 

10 

":' 

+ 
DVM 

~-

SW4 02 

":' 

220 pF 

~ 1 
SWI 

~'" 
TO 

SCOPE 

Dual·ln·Line Package 

Order Number LM1821S 
See NS Package S16A 

LIMITER TUNING 

LIMITER TUNING 

GROUND 

VIDEO IF INPUT 

PLL FilTER 

VCO OSC TUNING 

VCO OSC TUNING 

V+ 

TOP VIEW 

11·12 

16 AFT TUNING 

15 AFT TUNING 

14 AFT OEFEAT 

13 GROUND 

12 AFT OUTPUT 

11 ZERO CARRIER 
BIAS ADJUST 

10 VIDEO OUTPUT } . 
NEGATIVE·GOING 

9 SOUND TAKE OFF SYNC 
VIDEO OUTPUT , 



~National 
~ Semiconductor 

TV Circuits 

LM1828, LM1848 Color Television Chroma Demodulator 
General Description 
The LM1828. LMl848 are monolithic silicon integrated 
circuits which demodulate the chroma sub-carrier 
information contained in a color television video signal 
and provide color-difference signals at the outputs_ 

The low de voltage drift of the outputs insures excellent 
performance in direct-coupled chrominance output 
circuitry_ 

Schematic Diagram 

" T41k 

T T 

R4 
". 

"' lSk '" Jk 

'" Ik 

"' '" 

'" Ik 

"" ". 

Features 
• Low output voltage drift with temperature 
• Doubly balanced demodulation 

• 10 Vp-p ES-Ey output 
• Built-in ripple filter capacitors 

• Standard matrix in LM 1828 

• Revised matrix in LM 1848 

• Pin compatibie with LM746. CA30n 

L 

" " 

RYRH 
6 

}-~_<~HIN 

,,, 
61' " '" 

L-____ '-____ ~~~----------_*------~------~~--------------~------------Q~O 

Connection Diagram 
Dual-In-line Package 

CHROMA BYPASS 
INPtH 

11-13 
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Order Number LM1828N 
or LM1848N 

See NS Package N14A 



Absolute Maximum Ratings 

Power Dissipation (Note 21 71SmW , 
Operating Temperature Range O°C to +70°C 
Storage Temperature Range -6SoC to +lS0°C 
Supply Voltage 30V 
Reference Input SVp-p 
Chroma Input sVp-p 

Electrical Characteristics T A = 2SoC, Vee = 24V, RL = 3.3k, Note 1 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

STATIC 

Is Supply Current RL = 1M 5.5 9.0 12.5 mA 
ec = 0 

RL = 3.3k 16.5 22 25.5 mA 

Po Power Dissipation ec = 0 340 430 mW 

V9. Vll, V13 dc Output Voltage ec =O,R L =3.3k 13 14.5 16 V 

IL:.Vol Output Differential eo = 0, R L = 3.3k 100 600 mV 

Output Tempco ec = 0 3 rT!-VfC 

V6,V7 Reference Input dc 6.2 V 

V3,V4 Chroma Input dc 3.4 V 

DYNAMIC 

eo Chroma Input Sensitivity B-Y = 5 Vp-p 0.4 0.7 Vp·p 

V13 Max B· Y Output eo = 1.5 Vp·p 8 10 Vp-p 

ac Unbalance eo = 0 0.1 0.8 Vp·p 

V9, Vll, V13 Residual Carrier B-Y = 5 Vp-p 1.5 Vp·p 

R·Y Output B·Y = 5 Vp-p 

LM1828 3.5 3.8 4.2 Vp·p 

LM1848 4.2 4.75 5.25 Vp·p 

G-Y Output 

LM1828 0.75 1.0 1.25 Vp·p 

LM1848 I 1.3 1.75 2.2 Vp-p 

Note 1: Values measured in test circuit. 
Note 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 15cfc maximum junction temperature and a 
thermal resistance of 17SoCIW junction to ambient. 
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Typical Vector Output Diagrams 

LM1828 Standard Matrix 

R·Y /..!.D§. 
lUI 

G·Y 
10.251 l§i" 

Typical Application 

B·Y ilt 
lUI 

O.DIIJF 

CHROMA JNPUT~ 

+24V , .. fi 

D.Dl/.lF ····_·T rOMd 

Test Circuit 

CHRDMAREF~ ":" 

B·Y 

PHASE 
SHIFT 

NETWORK 

R·Y 

LM1848 Revisad Matrix 

R·Y In· 
10.951 

G·Y 
IO~51 1M 

t-----... --oO.Y 

J.3Jo 

111---.... -+--oR.Y 

Uk 

131-..... _-+-+--oB.Y 

3.3k 

G·V +24V 

B·Y t.r 
11.01 

TO.OMd 

LMI828/lM1848 OUT 

O.OD'pFd 

REfERENCERi~ ~ \-___________ -1 

eREF = tVp-p 

tul01IJFd 
REfERENCEB·Y ~ \-______________ .J 

IN ------, LMl828 R-Y IDB" fROM B·V 
LMIB4B R·Y 90" FROM a·y 
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~National 
~ Semiconductor 

TV Circuits 

lM1880 No-Holds Vertical/Horizontal 
General Description 
The LM1880 uses compatible Linear/1 2 L technology to 
produce the first T.V. horii1ontal and vertical processing 
system which completely eliminates the hold controls. 
The heart of the system is a precision 32 times horizontal 
frequency VCO which is designed to use a low·cost 
ceramic resonator as a tuning element. 

The VCO signal is divided down in the horizontal section 
to produce a pre-driver output which is locked to 
negative sync by means of an on·chip phase detector. 
The vertical output ramp is injection·locked by vertical 
sync subject to a sync window derived from the vertical 
countdown section. A gate pulse centered on the chroma 
burst is also provided. 

Block Diagram 

FI~~~;cj2 .... · ___ =-____ .... 

HORIZ 
SYNC 

BURST 
GATE 
OUT 

Features 
• No frequency set·up required for horizontal or vertical 

• Ceram ic resonator frequency reference 

• Accurate horizontal p~e·driver duty cycle 

• Vertical sync window referenced to horizontal 

• Precise interlaced vertical output 

• APC loop parameters completely adjustable 

• Vertical retrace time adjustable 

• Chroma burst gate output 

• Internal voltage regulator 

• Improved vertical lock time 

VERTICAL 
SYNC 

VERTICAL 
RETRACE 

TIMING 

8 HORI2 
OUT 

Test Circuit 
VI~~ .... SWo-l __ ;..j---------,t'_4 __ -<SW:>o4 ....... ~ 

"'" 

F~'~;;;=l 

'" 
1 

.r1 
,":",1JOpF 
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13 6k 

12 2.4k 

11 

" 
"k 

sw, 

sw. 

Order Number LM1880N 
See NS Package N 14A 

,OOk 
Q---It.M,,-O -IDV 
2 

SW7 

lZV 7SV 



Absolute Maximum Ratings 
Supply Current (Pin 9) 40mA Sawtooth Input Voltage (Pin 1) . 5Vp-p 
Output Voltage (Pins 8,12,13) 12V 'Package Dissipation, T A = 25°C 0.83W 
Output Current Above T A = 25° C, Derate Based on 

Pin B 50mA TJ(MAX) = 150°C and ()JA = 150°CIW 
Pin 12 15mA Storage Temperature Range -55°C to +150°C 
Pin 13 10mA Operating Temperature Range O°C to +70°C 

Sync. Input Voltage (Pins 10, 14) 5Vp·p Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Test circuit, all SW normally pos. 1, TA = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Regulated Voltage (Pin 9) B.2 B.7 9.2 V 

Supply Current (Pin 9) SW 7 Pos. 2 12 18 24 mA 

VCO Reference Voltage (Pin 3) 5.1 V 

VCO Control Current (Pin 2) V2= 5V 
, 

0.25 1.0 JlA 

Horizontal Phase Detector Sink Current SW 1, SW 4 Pos. 2, Vl = 3.9V, 0.3 05 mA 

(Pin 2) 'v'2 - 'U'v' 

Horizontal Phase Detector Source Current SW 1, SW 4 Pos. 2, Vl = 1.9V, 0.3 0.5 mA 

(Pin 2) V2= 5V 

Horizontal Output Leakage (Pin B, OFF Change SW 3 to Pos. 2 with Pin 8 High 150 JlA 

Condition) 

Horizontal Output Saturation Voltage Change SW 3 to Pos. 2 with Pin 8 Low 0.15 0.4 V 

(Pi'n B, ON Condition) 

Vertical Output Saturation Voltage SW 3, SW 5 Pos. 2 0.25 0,5 V 

(Pin 12) 

Burst Gate Saturation Voltage (Pin 13) SW 1, SW 4 Pos. 2, Vl = 1.9V 0.15 0.4 V 

Horizontal Oscillator Free·Running SW 2 Pos.2 15,550 15,750 15,950 Hz 

Frequency (Pin 8), (Note 1) 

Horizontai Oscillator Maximum Frequency V2= 7V 16,300 Hz 

(Pin 8) 

Horizontal Oscillator Minimum Frequency V2= 3V 15,150 Hz 

(Pin 8) 

Vertical Minimum Lock Frequency (I;'in 12) fH = 15,734 Hz 55.0 Hz 

Vertical Maximum Lock Frequency (Pin 12) SW 6 Pos. 2, fH = 15,734 Hz 61.7 Hz 

Note 1: Assumes ceramic resonator fR = 503.48 kHz. 

Design Parameters (Application Circuit) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Horizontal Pull·ln Range ±600 Hz 

Horizontal Static Phase Error (S.P .E.) t1fi-l = ±600 Hz ±0.5 Jls 

Horizontal Output Duty Cycle 50 % 

Horizontal Oscillator Supply Sensitivity -1 Hz/V 

Vertical Output Retrace Time 600 Jls 

Burst Gate Width Flyback Width = 12 JlS 5 JlS 
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Typical Performance Characteristics 
vcq Control Characteristic 

~ 8.5 .. 
z 
;;: .. .. 5.5 
~ 
" > ... 
" .. 4.1 
!i; 
::: 

3); 

I 
1 

V 
L 

/ , 
I 

14 14.5 15 15.5 18 18.5 n 
HORIZONTAL FREQUENCY (kHzl 

Typical Application 

.JL 
FlYlACK 1+) 

.. V~. <>-.. --,JoJ ..... - ... --l 
c, 

O"IlF~ 

R, 

'DD' 

t::::::I=";::;'on* R, 

" 

:81 

2 lOOP 
fILTEf' 

3 DC 
REF 

4 yeo 
OUT 

, .. 
Co 

~o ~13aPF 

• veo 'N 

C, ro'OI
'., 

'::' 

3D 

20 
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~ 
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ffi -20 
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-3D 

-411 

Horizontal Free-Running 
Frequency vs Temperature 

- --... 
i""--. 

" 
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AMBIENT TEMPERATURE (OCI 

BURST 

R, GATE OUT 

HOBIZ 14 7.5. 
SYNC .. 

StOpF 

BURST 13 
GATE .. , 

1.5. 
'::' 

VERTIUl12 
OUT 

VERT RE~~~~~ j-:';,.' _ ...... _......, 

·t '6k 
" cloTD.05~F 

O.lpF ":' 

~~:~j-:IO::"""_H I-__ ~ 

I-;LJ 

., 
16k 

COMPOSITE 
SVNCZUVII-P 

VERTICAL 
AAMPSWITCH 

., 
.10 
'/2. 

C, 
~O.05PF 

V< ~--+JI,fo\lv-.... ---o 24 V (unreg) 

CD 

~O"PF 
·d 
1.2k 
,/2w 

*MuRata Corporation of America, Part No. FX-l028, Vernitron Corp. VTFA3-o1-503.5 

Printed Circuit Layout 
(COMPONENT SIOEI 
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r-
External Components (Application Circuit) :s: ... 

Typical Typical 
CO 

Component Comments Component Comments CO 
Value Value 0 

Rgl 30k Burst Gate series resistor. Ct 0.05~F Vertical Retrace timing capa-

Rg2 1.5k Burst Gate shunt resistor, citor, works with Rt to deter-

works with Rgl to divide fly· mine ON time of vertical , 

back pulse and set Burst Gate ramp switch at pin 12. 

amplitude. tv. RETRACE"" 0.75 RtCt sec. 

Rg2 Ro 2k Oscillator phase shift resistor. 

VB.G. pk; 
Rgl + Rg2 

VFLYBACK Co 130 pF Works with Ro to produce 
45° lag required by VCO 

Rf 3.9k Flyback Sawtooth integrator phasillShifter. 

resistor, works with Cf to inte· Rs 510n Defines Q of eeramic resona· 
grate flyback pulse to 1 Vp·p tor tuned network, which 
min sawtooth. For Cf ; affects YCO control curve. 
0.1 ~F, CL 1000pF Completes VCO Ipop with 

VSAW p.p"" 
85 VFLYBACK phase lag, required to sustain 

Rf oscillation 8nd suppress 
resonator overtones. 

Cf 0.1 ~F Flyback Sawtoot~ integrator Rr 510n Series resistor to device supply 
l"oajJil'.:';i:ul-. pin i;. iviust 5uppiy ~u Ilicit:ui. 

Cl 0.1 ~F Sawtooth input coupling capa- current to activate internal 
citor. shunt regulator. 

Rh 7.5k Horizontal Sync input 
coupling resistor. V(unreg) - 9V 
Rh ; 0.4 x VSYNC p.p kn Rr= n 

0.03 
Ch 510 pF Horizontal Sync 'input 

coupling capacitor, blocks 
C9 0.1 ~F Device supply decoupling capa-vertical sync components. 

citor. 
Rv 16k Vertical sync input integrator 

Rd 1.2k Horizontal pre-driver output resistor. 
Cv 0.051lF Vertical sync input integra· 

resistor, supplies base current 
to Horizontal driver transistor 

tor capacitor, works with Rv when pin 8 is OFF. 
to integrate composite sync 

C2 0.01 ~F Horizontal APC loop filter to -2 Vp·p min pulse. For 
/1igh frequency roll-off. C2 

, N.TS.C. sync, Vert. sync "" 
1.4 x 10-4 

also prevents signal on loop 

(Comp. sync) Vp-p filter from saturating phase 
RvCv detector output. 

Cl0 O.lIlF Vertical sync coupl ing capa· Rx 3.3k Rx, Ry and Cc form the 

citor. Ry lOOk Horizontal APC loop filter. 

Rt 16k Vertical Retrace timing Cc 1 ~F See Applications Information 
resistor. to-mo.dify loop parameters. 
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Applications Information 
I. VERTICAL COUNTER 

The vertical counter in the LM 1880 rep'laces the conven
tional vertical oscillator in a television reciever. The 
vertical lock-in, range is governed by the width of the 
vertical sync window, which opens from count 510 to 
count 542 following, a vertical reset.' The vertical lock 
frequencies are referenced to twice horizontal fre
quency to insure interlaced vertical and horizontal 
outputs. For fHORIZ = 15,734 Hz, the vertical lock 
frequencies are calculated as follows: 

2 (15,734) 
fV.HIGH = = 61.7 Hz. 

5,10 

2 (15,734) 
fV.LOW = = 58 Hz. 

542 

In virtually all standard and non-standard sync signals 
the vertical sync is also derived from the horizontal, 
so that as long as the horizontal sync frequency is 
within the pull-in range of the LM1880 (approximately 
±600 Hz), the vertical lock window will remain centered 
on the vertical sync. Thus, the effective vertical lock 
range is increased by the horizontal APC: 

2 (15,734 + 600) 
fV_ HIGH (EFF) = 510 64 Hz. 

, 2 (15,734 - 600) 
fv. LOW (EFF) = 542 55.8 Hz. 

The time required for the vertical to "roll-thru" and lock 
is a function 'Of the difference frequency and relative 
phase of fV. LOW and the vertical sync: 

I I' 
tROLL-THRU (AVG) = 2" 60 _ 58 Hz 250ms 

11_ HORIZONTAL APC LOOP PARAMETERS 

The following information is given to provide a basis for 
modifying the filter to achieve the desired loop perfor
mance. Although the VCO is actually running at 
503.5 kHz, for convenience all parameters are referenced 
to the actual horizontal output frequency at pin 8. 

DC Loop Gain 

The DC loop gain is the product of the phase detector 
conversion gain (J.l) and the VCO sensitivity ({3). For the 
typical application circuit, 

J.l = 1.6 x 10-4 Ry V /Rad 
and 
{3 = 800 HzIV 
J.l{3 = 0.13 Ry Hz/Rad 
for Ry = 100 kr1, J.l~ = 13,000 Hz/Rad 

In order to determine static phase error (S.P.E.), the 
loop gain may be expressed in Hz/J.ls: 

11-20 

13,000 X 21T 
J.l{3=----

63.5J.ls 
1,286 Hz/J.ls 

For comparison, this value is nearly double the loop 
gain of the LM1391. The increased loop gain (reduced 
phase error) guarantees accurate centering of the burst 
gate pulse on pin 13 of the LM1880. 

The following equations cover AC loop parameters of 
interest: 

Noise Bandwidth 

1 + 21T (R~/Ry) Cc J.l{3 
fNN == Hz 

4RxCc 

Damping Factor 

K == 1T R~ 
2 Ry 

Pull-In Range 

The pull-in and hold-in range of the LM1880 horizontal 
APC loop are directly determined by the VCO control 
range. Thus the loop would be capable of pulling the 
VCO further than ±600 Hz, but it has well defined 
frequency limits which prevent it from doing s~. As a 
result of these built-in "stops", the loop parameters may 
be varied over a large range without affecting pull-in 
performance. 

The VCO control range, and hence pull-in, can be modi
fied to some extent by varying the Q of the ceramic 
resonator with resistor Rs: 

Incr. Rs -> Incr. Pull-in 
Reduce Rs -> Reduce Pull-in 

However, because of the non-linearity of the resonator, 
Rs has a much greater effect on the negative side pull-in 
than the positive side. 

III. LAYOUT NOTES 

Since the LM1880 uses a counter to derive the horizontal 
frequency, care must be taken to prevent extraneous 
signals from the horizontal driver and output stages from 
feeding back to the VCO where they could cause false 
counts and consequent severe phase jitter. The following 
guidelines will prevent this problem from occurring: 

A. Keep the VCO feedback capacitor, CL, as close as 
possible to device pins 6 and 7. 

B. Limit the lead length on the horizontal output pin 8. 
If a long line is required to the driver base, isolate it 
with a small series resistor (200-300r1) next to 
pin 8. 



Schematic Diagram 
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Circuit Description (See Schematic Diagram) 

The LM 1 BBO uses a phase-shift type voltage-controlled 
oscillator (VeO). The gain for the oscillator loop is 
derived from differential amplifiers 030, 031 and 022, 
023. The collector current in 023 is phase-shifted 
45° at pin 5 and summed with a portion of the current 
in 022, controlled by differential amplifier 020, 021. 
The resulting output phase at pin 4 coupled through 
the ceramic resonator to pin 6 defines the oscillation 
frequency. Differential amplifier 016, 017, controlled 
by the pin 2 vol.tage, determines the current split in 020 
and 021 and, consequently, the pin 4 phase and oscilla
tion frequency. The multiple-emitter degeneration in 
017 compensates the resonator phase characteristic to 
produce a nearly linear veo control curve. 

The 503.5 kHz output ofthe veo is taken from squaring 
amplifier 032, 033 through 034 and 035 to the 12L 
.;- 16 pre-scaler TO-T3. The 2fH output is then divided 
again in T4 to produce the desired horizontal frequency 
at gate GB. The horizontal pre-driver section consists of 
03, 04 and 05, which produce an open-collector output 
square-wave at pin B. 

The 2fH pre-scaler output also. drives a data flip-flop 
which resets the vertical counter Fl-F9. The data input 
of the reset flip-flop is controlled by the vertical sync 
from pin 10 subject to gates G3 and G5. After 510 2fH 
cycles following reset, vertical sync from Oland G4 is 
enabled by G3. A sync pulse received after this time 
initiates reset on the next 2fH cycle. If no pulse is 
received after 542 cycles, G5 will initiate the reset 
process. A reset pulse from the counter is taken via 
G9 to the retrace timing section. SeR OB, 09 is normally 

11-22 

ON, holding a capacitor on pin 11 near ground. During 
this time 011 and 012 are OFF, allowing the vertical 
ramp to form on pin 12. When the reset pulse is received, 
07 turns OS, 09 OFF and 011, 012 ON, discharging 
the vertical ramp for the duration of the retrace time. 
Retrace is completed when the pin 11 capacitor charges 
to the OB threshold, and the SeR again latches. 

The remaining sections of the device are the horizontal 
phase detector and burst gate former. The balanced 
phase detector consists of comparator 043, 044 and 
current source 039 gated by differential amplifier 041, 
042. Negative horizontal sync pulses on pin 14 enable 
the comparator, and the fly back sawtooth on pin 1 
switches the current from 043 to 044 based on the 
relative phase between the sync and sawtooth. 044 
takes a (-) current pulse from pin 2, while the pulse in 
043 is turned around in the current mirror 045, 046 
and 047 to produce a (+) current pulse at pin 2. These 
currents are then integrated by the external loop filter 
to control the veo. 

The flyback sawtooth also switches differential amplifier 
049, 050, which activates the burst gate. During the 
first half of the flyback pulse 049 will be ON, which 
turns 051 and 052 ON and clamps pin 13 near ground. 
The sawtooth switches 049, 051 and 052 OFF at the 
peak ot'the fly back, releasing pin 13. In this manner, 
the second half of a flyback pulse fed to pin 13 can be 
used as a bu rst gate. 

053, 054 and 055 form the active shunt regulator 
which holds the supply pin 9 at B.7V typo 
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TV Circuits 

LM1886 TV Video Matrix D to A 

General Description 

The LM 1886 is a TV video matrix D to A converter 
which encodes luminance and color difference signals 
from 3-bit red, green and blue inputs_ The luminance 
output is encoded from the NTSC eqlJation Y = 0_3R +. 
0.59G + 0.11 B and the R-Y and B-Y outputs are weighted 
to prevent over-modulation_ A built-in R-Y and burst 
gate polarity switch allow European PAL compatible 
signals to be encoded. All output levels including an 
RF 0 Carrier Bias Voltage have been referenced to 5V 
for direct connection to the LM 1889 TV video modu-

a suitable sync generator, 3-bit R, G and B information 
may be encoded to both composite video and R F 
channel carrier. 

Features 

• Complete digital to R F encoding with LM 1889 

• l-pin PAL!NTSC mode select 

• True NTSC matrix 

• 8 levels of grey scale 
• Allows wide range of colorimetry 

• Low power TTL inputs 
• Wideband luminance output 
• Weighted R-Y, B-Y outputs 

Connection Diagram Test Circuits 

{ " LSD GND 

RED 12 
ifDmR INPUT INPUTS 

1J 
SYNC INPUT MSD 

{ .. 7 o CARRIER LSD REFERENCE 

GREEN 15 
Y OUTPUT 

INPUTS 

16 
MSD 12VSUPPlV 

{ " 
LSD B·Y OUTPUT 

BLUE 18 
R·Y OUTPUT INPUTS ~ 

19 
MSD H121NPUT 

5VSUPPLV 
zu 1~ 

TOP VIEW 

FIGURE 1 

Order Number LM1886N 
See NS Package N20A 

INPUT 

,V 
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FIGURE 2a. 6-Color Input Connection 
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Absolute Maximum Ratings 
Supply Voltage 

Pin 5 15V 
Pin 20 6V 

Input Voltage (Pins 1,8,9, 11-19) -o.5V,+12V 
Pin 2 Voltage Relative to Pin 20 0.8V 
Output Current 5mA 
Power Dissipation, T A = 25°C (Note 1) 1.67W 
Storage Temperature Range -55°C to +150°C 

Operating Temperature Range O°C to 70°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics T A = 25°C, (Figure 2, Note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

5V Supply Current (Pin 20) BLANK = O.BV 7 11 16 mA 

12V Supply Current (Pin 5) BLANK = 0.8V 9 13 17 mA 

Logic "1" Input Current Input Voltage = 5.0V 0 10 /lA 
(Pins 1,2,8,9, 11-19) 

Logic "0" Input Current Input Voltage = 0.3V -0.01 -0.18 mA 

(Pins 1,2,8,9,11-19) 

Output Offsets R, G, B = 0.8V 

AVy 0 ±50 mV 

Ll.VR·Y 0 ±50 mV 

AVB·Y 0 ±50 mV 

R·Y Full Scale, (AVR.Y)FS R = 2V; G, B = 0.8V 1.0 1.23 1.4 V 

B·Y Full Scale, (Ll.VB.Y)FS B=2V;R,G=0.8V 0.7 0.87 1.0 V 

Green Full Scale G = 2V: R, B = 0.8V 

AVR·Y -0.85 -1.03 -1.2 V 

AVB·Y -0.45 -0.58 -0.7 V 

Y Full Scale R, G, B = 2V 

(AYY)FS 1.6 1.75 1.9 V 

Ll.VR·Y 0 ±10a mV 

AVB·Y 0 ±75 mV 

a Carrier Reference, Ll. Vo 2.0 2.2 2.5 V 

Blanking Level, AVy BLANK = 0.8V 0 ±50 mV 

Sync Level, AVy BLANK; SYNC = 0.8V -0.67 -0.77 -0.87 V 

NTSC Burst, AVB.Y BLANK, BURST GATE - 0.8V -0.26 -0.35 -0.46 V 

PAL Burst 

AVR·Y SW in PAL Position; -0.2 -0.25 -0.32 V 

Ll.VB·Y BLANK, BURST GATE, -0.2 -0.25 -0.32 V 

H/2 = 0.8V 

PAL Inversion Ratio R = 2V; G, B, H/2 = 0.8V -0.9 -1.0 -1.1 

(AVR·Y)PAL/(AVR·Y)FS SW to PAL Position 

Y Linearity Error Figure 2b Input Connection ±1 ±6 %FS 

Y Switching Times 15 kHz Square Wave Switching 

R, G, B in Parallel 

Rise Time, tR 35 ns 

Fall Time, tF 30 ns 

Settling Time ±1 LSB 50 ns 

Note 1: Above TA = 25'C, derate based on TJ{MAX) = 150'C and IJJA = 75'CIW. 
Note 2: Unless otherwise noted, BLANK, SYNC, BURST GATE = 2V and SW is in NTSC position. All outputs are referenced to the +5V supply 
as shown in Figure 2a. 
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Typical Input and Output Waveforms 
rnililr '.OVM'N-----------, .. ----------,U 
INPUT LJ 
(PIN 9) OaVMAX ----------

SYNC 
INPUT 
(PIN 8) 

11i1iS'fG'ATr 
INPUT 
(PIN 11 

HI2INPUT 
PAL ONLY 

(PINZ) 

RED INPUTS 
(PINS 11,12, 13) 

GREEN INPUTS 
(PIN514,15,16) 

BLUE INPUTS 
(PINS 17, 18,19} 

IJ.VyOUTPUT 
{PIN 6) 

~ VS_y OUTPUT 
(PIN 4) 

;l,VR_Y OUTPUT 
(PIN 31 

_________ ,U U-2,DVMIN 

O.8VMAX 

Z,OVMIN 

O.BVMAX 

50VMAX 
Z.DVMIN 

D.8VMAX 

2.0VMIN--

O.8VMAX 

l.GY MIN --I--j--, 

D.8V MAX --1-.....1 
'.'VM'N --1----1--1--+-.., 

O.BVMAX --I--I-...J 

'.m gu)' 
1.DlY 

O.!iZV--

~.:::1fit=_t:::U'I' - +- - U 
D.17V 

-- ---
~.29V--

..-
U 

---G.35V==t=±=j--t---D.!iBV 

l.21V--

- - - - - -i---++---' 
-OlDY ---j---j--r--! 
-1.D3V --t--~-~ 

1.23V--
I.OJV ---/--1--+--+----4+----.. --, 

I1Vn.yOUTPUT ::~~~ ==j==j==j:==j:===l:j::====1==±=,--
PAlMODE 

(PIN 3) ~~~:~ ====l==j::::=----
-t.03V----
-UlV ______________ L_-' 

Application Notes (Refer to Figure 3) 

SYNC, BLANK, and BURST GATE may be obtained 
from asyncgenerator IC similar to MM5320 or MM5321. 
For PAL operation, the H/2 square wave may be ob
tained by a .;-2 from horizontal sync. 

TABLE I. INPUT CODE EXAMPLES FOR COMMON 
COLORS 

All inputs are low·power TTL compatible. Because 
of the very low typical input currents, the color inputs 
may be paralleled in various combinations. For simple 
color requirements, the Figure 2a input connection 
may be used to produce the 6 primary and comple
mentary colors listed in Table I, along with black and 
white. To add complex colors such as those at the bottom 
of Table I, all 9 input bits may be required separately. 
When choosing input codes for other colors, always 
check the new color against both I ight and dark back
grour,ds. 

All outputs are referenced to the +5V supply for direct 
connection to the LM1889. The resistor on the lumi
nance output pin 6 is used to sum the chroma subcarrier 
from the LM 1889 and must be wired as tightly as 
possible to preserve the video bandwidth. For the 
addition of sound or a second RF channel, refer to 
the LM 1889 data sheet. 
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COLOR 

Black 

Dark Grey 

Light Grey 

White 

~red 
.~ Green 
0.. Blue 

" ~ rYan 
]- ~ Magenta 
o Q) • 

u E Yellow 

Brown 

Orange 

Flesh tone 

Pink 

Sky Blue 

RED 

M L 

0 0 0 

0 1 0 

1 0 1 

1 1 1 

1 1 1 

0 0 0 

0 0 0 

0 0 0 

1 1 1 

1 1 1 

0 1 1 

1 1 1 

1 1 1 

1 1 1 

1 0 1 

INPUT CODE 

GREEN BLUE 

M L M L 

0 0 0 0 0 0 

0 1 0 0 1 0 

1 0 1 1 0 1 

1 1 1 1 1 1 

0 0 0 0 0 0 

1 1 1 0 0 0 

0 0 0 1 1 1 

1 1 1 1 1 1 

0 0 0 1 1 1 

1 1 1 0 0 0 

0 1 1 0 0 0 

1 0 0 0 0 0 

1 1 0 1 0 1 

1 1 0 1 1 0 
1 0 1 1 1 1 
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Typical Application 
12V LOW-VHF 12V f'HANN" OUTPUT 

O.OOI.uF 
COMPOSITE 

+~~ 
51' 

240 

10 

11 .2V ~ { 
12 

S.lk " 2" ~ { " LM1B86 & 
VIDEO V 

" 
MATRIX 

MSB OAC 

{ 
" LSB B·V 

~ " R·V 

19 
MSB 

5V±S% ZO 
+ 

lJLSl"" ~ '--+--+---' 

" D.D1.uF 

FROM II---
PALF·F --7' 

PAl~ 

4.1k 
O.OI/1F 

SUBCARRIER ~ 1-..... --"\M-..... --1 
CLOCK OUT ....-----. 

12V 

NTSC PAL 3k 

XTAL 3.5795 4.4336 MHz 
':' ':' ':' 

C 43 36 pF FIGURE 3 

Circuit Description (Refer to Figure 4) 

The 3·bit red, green, and blue inputs go to identical 
3·bit current-mode digital·to-analog converters (DACs). 
Each DAC consists of three binary-weighted current 
sources controlled by diff·amp current switches. The 
DAC output currents are arbitrarily given a weighting 
factor of 0.59, which is the green coefficient in the 
luminance equation. Portions of the red and blue 
currents are split off, so that the remaining currents 
combined with the green current form the luminance 
current Iy = 0.3 IR + 0.59 IG + 0.11 lB. Iy develops 
the luminance voltage Vy across RO in a summing 
amplifier referenced to the +5V supply. A cu rrent 
switch operated by pin 8 adds (-) sync pulses to the 
y output at pin 6. 

The portions of red and blue currents previously split 
off flow through resistors RO/0.29 and RO/0.48, 
which are weighted to form the red and blue voltages 
respectively. Since the opposite ends of the 2 resistors 
are connected to Vy, the red and blue voltages across 
the resistors subtract from Vy to develop the color 
difference voltages VY-R and VY-B. VY-B is coupled 
through a X.56 gain, 5V-referenced inverting amplifier 
to the B-Y output at pin 4. Vy -R feeds parallel inverting 
and non-inverting unity gain amplifiers which allow 
either polarity-to be-coupled to the R-Y output pin ·3. 
Switching between the 2 amplifiers is controlled by 
a current switch activated by the H/2 pin 2 .. A (-) burst 
gate pulse on pin 1 controls current switches which 
add the burst pulse components to the B-Y and R-Y 
outputs. 

The requirements for PAL and NTSC encoding differ 
in the areas of burst gate operation and R-Y polarity, 
both of which are controlled via pin 2 as follows: 

PAL, pin 2 fed by a half-line frequency TTL square 
wave-in this mode a PNP switch between pin 2 and 
+5Vis held off continuously, which results in equal 
burst pulse components on the B-Y and R-Y outputs. 
In addition, the H/2 square wave causes the R-Y 
output polarity to reverse every line_ (When fed 
to the. LM1889 chroma modulator this causes the 
phase of the R-Y subcarrier to change 1800 as re
quired in PAL.) 

NTSC, pin 2 tied through an external resistor to 
+12V-this turns on the PNP switch continuously, 
which eliminates the burst pulse on the R-Y output 
and increases the amplitude of the B-Y pulse. Since .. 
pin 2 is being held high, the R-Y output is locked 
in the positive polarity. 

Blanking is activated by a low on pin 9, which de-biases 
the left side of the DAC diff-amps, so that I R = IG = 
I B = 0 independent of the input states. When blanked, 
the Y, B-Y and R-Y outputs all go to +5V. An additional 
amplifier produces a 0 carrier reference voltage at 
pin 7 which is 25% above the peak white voltage on 
the Y output, relative to +5V. 

11-26 



~I r-' 
L"~ I 

" I 
I 

0.; GREEN 
DAC 

16 I I 
MSB O--i I 

L~ 

rr:; 
L"~ I 

I I 
~ BLUE 

DAC 

.V 

" I I 
MSao..; I 

L_...J 

-= 

T t e!f"J ~",C1lJ JIG I ~~ 

__ 0.59IG 

___ 0.59In 
__ 0.S9IS 

ZAV 

2V 

• 01 
iLJJiit BunstGATE 

FIGURE 4. LM1886 Equivalent Schematic 

2kB5 

- ~, I I VR.Y ~ R-V 

~2.4V 

H/Z 

.V 

T I Iv,.y ~B-Y 
I T 

.v 

10 

...r-<> -= 

.s' c 
~. 

CD 
:l -W 
::r' 
CD 
3 
S» -o· 

988~Wl 



~National . 
a Semiconductor 

TV Circuits 

LM1889 TV Video Modulator 

General Description 
The LM1889 is designed to interface audio, color 
difference, and luminance signals to the antenna termi
nals of a TV receiver. "it consists of a sound subcarrier 
oscillator, chroma subcarrier oscillator, quadrature 
chroma modulators, and RF oscillators ·and modulators 
for two low-VHF channels. 

The LM1889 allows' video information from VTR's, 
games, test equipment, or similar sources to be displayed 
on black and white or color TV receivers. When used 
with the MM57100 and MM53l04, a complete TV game 
is formed. 

Block Diagram 

Dual-In-Line Package 

CHROMA 1 18 CHROMA 
LEAD LAG 

R.Y' 2 11 CHROMA OSC 
INPUT OUTPUT 

CHROMA 3 
.'AS 

a.y 4 
INPUT 

GROUND 

13 CHROMA 
SUBCARRIER 

CH .1 TANK 
12 VIDEO 

INPUT 

-'I' 11 eH A 
ourrUT 

TANK 
10 eH B 

OUTPUT 

Order Number LM1889N 
See NS Package N18A 

Features 
• dc channel switching 

• l2V to l8V supply operation 

• Excellent oscillator stability 

• Low intermodulation products' 

• 5 Vp-p chroma reference signal 

• May be used to encode composite video. 

DC Test Circuit 

1.5V 

SW, 1 

" , 
0 

11 1k ~ 
15V 

10 1k 

+ + SW' 

VB 1M ~a"/JF 

':' ':' 
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Absolute Maximum Ratings 
Supply Voltage V14, V16 max 19 Vdc 
Power Dissipation Package (Note 1) 1390mW 
Operating Temperature Rimge O°C to +70°C 
Storage Temperature Range -55°C to +150°C 
Chroma Osc Current 117 max 10 mAdc 

(V16-V15) max ±5 Vdc 
(V14-Vl0) max 7V 
(V14-Vll) max 7V 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (dc Test Circuit, All SW Normally Pos. 1, VA = 15V, VB = Vc = 12V) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Current, IS 20 35 45 mA 

Sound Oscillator, Current Change, AI15 Change V A From 12.5V to 0.3 0.6 0.9 rnA 

17.5V 

Chroma Oscillator Balance, V17 9.5 11.0 12.5 V 

Chroma Modulator Balance, V13 7.0 7.4 7.B V 

R·Y Modulator Output Level, AV13 SW 3, Pos. 2, Change SW 1 0.6 0.9 1.2 V 

From Pos. 1 to Pos. 2 

B·Y Modulator Output Level, AV13 SW 3, Pos. 2, Change SW 2 0.6 0.9 1.2 V 

From Pos. 1 to Pas. 2 

Chroma Modulator Conversion Ratio, SW 3, Pas. 2, Change SW 0 0.45 0.70 0.95 V/V 

AV13/AV3 From Pos. 1 to Pas. 2. Divide 

AV13 by AV3 

Ch. A Oscillator "OFF"Yoltage, VB, V9 SW 4, Pas. 2 , 0.5 1.5 3.0 V 

Ch. A Oscillator Current Level, 19 VB = 12V, Vc = 13V 2.5 3.5 5 mA 

Ch.B Oscillator "OFF" Voltage, V6, V7 0.5 1.5 3.Q V 

Ch.B Oscillator Current Level, 16 SW 4, Pas. 2, VB = 12V, 2.5 3.5 5 mA 

Vc = 13V 

Ch. A Modulator Conversion Ratio, SW 1, SW 2, SW 3, Pas. 2, 0.35 0.55 0.75 v/v 
AVll/(V13-V12) VB = 12V, Change Vc From 

13V to llV For AVll Divide 

By V13-V12 

Ch. B Modulator Conversion Ratio, All SW, Pos. 2, VB = 12V, 0.35 0.55 0.75 v/v 
AV10/(V13-V12) Change Vc From 13V to llV 

Divide as Above 

AC Electrical Characteristics (ac Test Circuit, V = 15V) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Chroma Oscillator Output Level, V17 CLOAD $20 pF 4 5 Vp·p 

Sound Carrier Oscillator Level, V15 Loaded by RC Coupling 2 3 4 Vp·p 

Network 

Ch. 3, RF Oscillator Level, VB, V9 Ch. Sw. Pas. 3, f = 61.25 MHz, 200 350 mVp·p 

Use FET Probe 

Ch.4 RF Oscillator Level, V6,.V7 Ch. Sw. Pas. 4, f = 67.25 MHz, 200 350 mVp·p 

Use F ET Probe 

Note 1: For operation in ambient temperatures above 25~C. the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 91i'Ctw junction to ambient. 
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Design Characteristics 
PARAMETER 

Oscillator Supply Dependence 

Chroma, fa' 3.579546 MHz 

Sound Carrier: RF 

Oscillator Temperature Dependence (IC Only) 
Chroma 

Sound Carrier 

RF 

Chroma Oscillator Output, Pin 17 

tRISE,10-90% 

tFALL,90-1O% 
Duty Cycle (+) Half Cycle 

(-) Half Cycle 

RF Oscillator Maximum Operating Frequency 

(Temperature Stability Degraded) 

Chroma Modulator (f = 3.58 MHz) 

B-Y Conversion Gain VI3!(V4-V3) 

R-V Conversion Gain V13/{V2-V3} 

Gain Balance 

Bandwidth 

AC Test Circuit 

(ac Test Circuit, V = 15V) 

TYP 

3 

See Curves 

0.05 

-15 

-50 

20 

30 

51 

49 

100 

0_6 

0_6 

±0.5 

See Curve. 

UNITS 

HzN 

ppmfC 

ppmfC 

ppmfC 

ns 

ns 

% 

% 

MHz 

Vp-pN 

Vp-pN 

dB 

CI 
43pF 

r--_--I1f 
1\ 

RI F 

...... 1I1k""" .... o~-I.o; i P 
~ 

R-Y 

~ 

7.5V o-__ .... __ ~3 
..LD.a'~F 

B-Y T 
.D.!_:~ ·4 

PARAMETER 

R F Modulator 

Conversion Gain, f = 61.25 MHz, 

VOUT!(VI3-Vl:!) 

3.58 MHz Differential Gain 

Differential Phase 

2.5 Vp-p Video, 87.5% mod. 

Output Harl)lon ics Below Carrier 

2nd,3rd 

4th and above 

Input Impedances 
Chroma Modulator, Pins 2, 4 

RF Modulator, Pin 12 

.!!.... 
f~~PF 

Pin 13 

6.n 

~'~7 ________ -1~ ________ ~o~~~~ 

16 
TO_D1 • F 

15 -=-. 

16k 

14 

3k 

A 16k 

TYP 

10 

5 

3 

-12 
. -20 

500k/12 pF 

lMI!2 pF 

250k1l3.5 pF 

140 CH4 6 

$O.OOI.F 
~'~3_1-__ -'V2Vk""' __ -If-~ ~_~~~~~PUT 

f ~~22pF 
~'_2~"" __ -'V2l<1I\o ___ +_o ~:~:o 

CHSW 

~3 24D CH 3 B 11 76 

100 
21~TI f76PF=!= 
140 ( I 9 

TO.OD1 • F 

L---~~-----------------------------+--------------~~+~16V 

T '0
•

F 

Your 
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Typical Performance Characteristics 
Sound Carrier Oscillator 
Supply Dependence 

RF Oscillator Frequency 
Supply Dependence 

Chroma Modulator 
Transconductance Bandwidth 
lOUT 13/V1 or 18 

~ 
(fo = 4.5 MHz) fa = 67.25 MHz 

10 z 
<> 
;:: .. 
~ 
~ 

~ -1 

ill 
-2 

::: -3 

'" -4 
w 

-5 
1:1 
:'l -6 

-1 

.,-
V 

V 
/ 

/ 

~ 
~ -10 ;:: .. 
~ -20 
<> 
~ -3~ 

~ 
~ 

-40 

::; -50 

-/ 1\ 
II 

\ 

\ 

iO :s 
~ 

~ -5 .... 
=> 
~ .... 
=> 

-10 <> 
w 
> 

~ -15 

'" 

\ 

\ 
-8 -60 -20 ! 10 11 12 13 14 15 16 11 18 19 20 

SUPPL Y VOLTAGE (V) 

10 11 12 13 14 15 16 11 18 19 20 10 20 50 100 

SUPPLY VOLTAGE (VI FREQUENCY (MHzl 

14 

~ ~i 
'" 11 
~ 10 

9 
8 
1 
6 
5 
4 
3 
2 
1 
o 

Chroma Modulator 
Common-Mode Input Range 
Pins 2, 3. 4 

v//V/.- 1"// V// 
0Vh 10 ~ 
0 V/- IV 

/'/-
/'/-
~ 

~/.~ 

~~ ~~ 
0 

V/- V/-
V/-

0 
10 11 12 13 14 15 16 11 18 19 20 

SUPPl V VOL rAGE tV) 

Circuit Description (Refer to Circuit Diagram) 

The sound carrier oscillator is formed by differential 
amplifier 03, 04 operated with positive feedback from 

, the pin 15 tank to the base of 04. 

The chroma oscillator consists of the inverting amplifier 
016, 017 and Darlington emitter follower 011, 012. 
An external RC and crystal network from pin 17 to 
pin 18 provides an additional 180 degrees phase lag back 
to the base of 017 to produce oscillation at the crystal 
resonance frequency. (See ac test circuit). . 

The feedback signal from the crystal is split in a lead-lag 
network to pins 1 and 18, respectively, to generate the 
subcarrier reference signals for the chroma modulators. 
The R-Y modulator consists of multiplier devices 029, 
030 and 021-024, while the B-Y modulator consists of 
031, 032 and 025-028. The multiplier outputs are 
coupled through a balanced summing amplifier 037, 
038 to the input of the R F modulators at pin 13. 
With 0 offset at the lower· pairs of the multipliers, no 
chroma output is produced. Ho'wever, when either 
pin 2 or pin 4 is offset relative to pin 3 a subcarrier out
put current of the appropriate phase is produced at 
pin 13. 
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R F Modulator 
Common-Mode Input Range 
Pins 12, 13 (Applications Circuit) 

~ ~ IV 
00 V/- V. 

~ 
00 01:P' 

V. 

V/.0 V/- ~~~ V/.V/M 
V/.V/M V/.0 

10 11 12 13 14 15 16 11 18 19 20 

SUPPLY VOLTAGE (V) 

The channel 8 oscillator consists of devices 056 and 
057 cross-coupled through level-sh ift zener diodes 
054 and 055. A current regulator consisting of devices 
039-043 is used to achieve good RF frequency stability 
over supply and temperature. The channel B modulator 
consists of multiplier devices 058, 059 and 050-053. 
The top quad is coupled to the channel B tank through 
isolating devices 048 and 049. A de offset between 
pins 12 and 13 offsets the lower pair to produce an 
output RF carrier at pin 10. That carrier is then modu
lated by both the chroma signal at pin 13 and the video 
and sound carrier signals at pin 12. The channel A 
modulator shares pin 12 and 13 buffers 045 and 044 
with channel B and operates in an identical manner. 

The current flowing through channel B oscillator diodes 
054, 055 is turned around in 060, 061 and 062 to 
source cu'rrent for the channel B RF modulator. In the 
same manner, the channel A oscillator 071-074 uses 
turn around 077, 078 and 079 to source the channel A 
modulator. One oscillator at a time may be activated by 
connecting its tank to supply (see ac test circuit). The 
corresponding modulator is then activated by its current 
turn-around, and the other oscillator/modulator com
bination remains "OFF". 
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I Circuit Diagram ..... 
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Applications Information 
Subcarrier Oscillator 

The oscillator is a crystal·controlled design to ensure the 
accuracy and stability required of the subcarrier fre· 
quency for use with television receivers. Lag-lead net
works (R2C2 and C1 R 1) define a quadrature phase 
relationship between pins 1 and 18 at the subcarrier 
frequency of ,3.579545 MHz. Other frequencies can be 
used and where high stability is not a requirement, the 
crystal can' be replaced with a parallel resonant L-C 
tank circuit-to provide a 2 MHz clock, for example. 
Note that since one of the chrominance modulators is 
internally connected to the feedback path of the oscil
lator, operation of the, oscillator at other than the 
correct subcarrier frequency precludes chrominance 
modulation. 

When an external subcarrier source is available or 
preferred, this can be used instead. For proper modulator 
operation, a subcarrier amplitude of 500 mVp-p is 
required at pins 1 and 18. If the quadrature phase shift 
networks shown in the application circuit are retained, 
about 1 Vp-p subcarrier injected at the junction of Cl 
and R2 is sufficient. The crystal, C4 and R3 are elim
inated and pin 17 provides a 5 Vp-p signal shifted 
+1250 from the external reference. ' 

Chrominance Modulation 

The simplest method of chroma encoding is to define 
the quadrature phases provided at pins 1 and 18 as the 
color difference axes R-Y and 8-Y. A signal at pin 2 
(R-Y) will give a chrominance subcarrier output from 
the modulator with a relative phase of 900 compared 
to the subcarrier output produced by a signal at pin 4 
(B-Y!. The zero signal dc level of the R-Y and B-Y ir,puts 
will determine the bias level required at pin 3. For 
example, a pin 2 signal that is 1 V positive with respect 
to pin 3 will give 0.6,Vp·p subcarrier at a relative phase 
of 900

• If pin 2 ,is lV negative with respect to pin 3, 
the output is again 0.6 Vp-p, but with a relative phase 
of 2700

• When a simultaneous signal exists at pin 4, the 
subcarrier output level and phase will be the vector sum 
of the quadrature components produced by pin 2 and 4 
inputs. Clearly, with the modulation axes defined as 
above, a negative pulse on pin 4 during the burst gate 
period will produce the chrominance synchronizing 
"burst" with a phase of 1800 • Both color difference 
signals must be dc coupled to the modulators and the 
zero signal dc level of both must be the same and within 
the common-mode range of the modulators. 

The 0.6 Vp-p!V dc conversion gain of the chrominance 
modulators is obtained with a 2 kn resistor connected 
at pin 13. Larger resistor values can be used to increase 
the gain, but capacitance at pin 13 will reduce the band
width. Notice that equi-bandwidth encoding of the color 
difference signals is implied as both modulator outputs 
are internally connected and summed into the same 
load resistor. 

Sound Oscillator 

Frequency modulation is achieved by using a 4.5 MHz 

tank circuit and deviati'lg the center frequency via a 
capacitor or a varactor diode. Switching a 5 pF capacitor 
to ground at an audio frequency rate will cause a 
50 kHz deviation from 4.5 MHz. A lN5447 diode 
biassed -4V from pin 16 wi!1 give ±20 kHz deviation 
with a 1 Vp-p audio signal. The coupling network to 
the video modulator input and the varactor diode bias 
must be included when the tank circuit is tuned to 

. center frequency. 
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A good level for the R F sound carrier is between 2% and 
20% of the picture carrier level. For example, if the peak 
video signal offset of pin 12 with respect to pin 13 is 
3V, this corresponds to a 30 mVrms picture RF carrier. 
The source impedance at pin 12 is defined by the 
external 2 kn resistor and so a series network of 15 kn 
and 24 pF will give a sound carrier level at -32 dB to 
the picture carrier. 

R F Modulation 

Two RF channels are available, with carrier frequencies' 
up to 100 MHz being determined by L-C tank circuits at 
pins 6, 7, 8 and 9. The signal inputs (pins 12, 13) to 
both modulators are common, but removing the power 
supply from an RF oscillator tank circuit will also 
disable that modulator. 

As with the chrominance modulators, it is the offset 
between the two signal input pins that determines the 
level of RF carrier output. Since one signal input 
(pin 13)' is also internally connected to the chrominance 
modulators, the 2 kn load resistor ~t this point should 
be connected to a bias source within the common-mode 
input range of the video modulators. However, this bias 
source is independent of the chrominance modulator 
bias and where chrominance modulation is not used, 
the 2 kn resistor is eliminated and the bias source con
nected directly to pin 13. 

To preserve the dc content of the video signal, amplitude 
modulation of the RF carrier is done in one direction 
only, with increasing video (toward peak white) 
decreasing the carrier level. This means the active com
posite video signal at pin 12 must be offset with respect 
to pin 13 and the sync pulse should produce the largest 
offset (i.e., the offset voltage of pin 12 with respect to 
pin 13 should have the same polarity as the sync pulses). 

The largest video signal (peak white) should not be 
able to suppress the carrier completely, particularly if 
sound transmission is needed. For example, a signal with 
lV ~ync amplitude and 2.5V peak white (3.5 Vp-p -
negative polarity sync) and a black level at 5 V dc will 
require a dc bias of 8V on pin 13 for correct modula
tion. A simple way of obtaining the required offset is 
to bias pin 13 at 4 x (sync amplitude) from the sync tip 
level at pin 12. 



Applications Information (Continued) 

Split Power Supplies 

The LM 1889 is designed to operate over a wide range of 
supply voltages so that much of the time it can utilize 
the signal source power suppl ies. An example of this is 
shown in Figure 2 where the composite video signal 
from a character generator is modulated onto an RF 
carrier for display on a conventional home TV receiver. 
The LM1889 is biased between the -12V and +5V 
supplies and pin 13 is put at ground. A 9.1 kQ resistor 
from pin 12 to -12V de 'offsets the video input signal 
(which has sync tips at ground) to establish the proper 
modulation depth - R1/R2 = VIN/12 x 0.875. This 
design is for monochrome transmission and features an 
extremely low external parts count. 

CHROMINANCE 
INPUTS 

(A-VI 
, 

IB-Y) 

O.OI"F 

IT 1k 

':' Cl 
43pf 

XTAL R2 

fD 1k 18 11 

C2 C. R3 ~4JPf 
9-32" '::' " 

3k 

'::' 

AUDI0o--!] 
INPUT 

'::" 

DC Clamped Inputs 

Utilizing a DC clamp will make matching the LM 1889 to 
available signal generator outputs a simple process. 
Figure 3 shows the LM1889 configured to accept the 
composite video patterns available from a Tektronix 
Type 144 generator that has black level at ground and 
negative polarity syncs. In this application, the chroma 
oscillator amplifier is used to provide a gain of two. The 
100k pot adjusts the overall DC level of the amplified 
signal which determines the modulation depth of the R F 
output. Clamping the input requires a minimum of DC 
correction to obtain the correct DC output level. This 
allows the adjustment to be a high impedance that will 
have minimum effect on the amplifier closed loop gain. 

'" 15V 

II,OOI,.,F 2" 2" 

1k 

'::' 51lllF 
75 []--o COMPOSITE 

VIDEO 

O.I/lF 

( ORF 

, ~'0I-'F/20V 
LUMINANCE AND DC REFERENCE 

SYNC INPUT VOLTAGE 

VIDEO 
INPUTS 

FIGURE 1. Luminance and Chrominance Encoding Composite Video or RF Output 
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Applications Information (Continued) 

5V 

100 

-12V 240 2'0 -rD,DDI pF 75pF 

LM18B9 

75 

E-o)~~TPUT 
O.1}.1F .r. 

RI 18 17 16 15 " " IZ " 10 

2,7VJJ 2k4 

t 
Ne Ne 

OV-
':" 

FIGURE 2. Low·Cost Monochrome Modulator for Charactar Generator Display 

12V 

100 

2k 

2.0 2.0 

LI 

':" 
O.lpF 2. 

1DpF INU14 .Vtf' SIGNAL SOURCE 
TEKTRONIX TYPE 144 

75 10k lM18B9 

18 16 16 " " 
2Dk 

2k4 8k2 

L..,=....,.,.".....,m-....,m-....,.,.,..-,r.;--,r.;--,r:':""-'::,-I 0,1 pF 

~~~TPUT 

75 

47k 

FIGURE 3. DC Clamped Modulator for NTSC Pattern Generators 
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TV Circuits 

LM2808 Monolithic TV Sound System 

General Description 
The LM2808 2W sound IF circuit is designed for 
television and related applications. The circuit is com· 
prised of 2 independent functions: a sound IF and 
an audio power amplifier. An improved volume control 
circuit is included, however, so that recovered audio is a 
linear function of the resistance of the control po· 
tentiometer. Audio power amplification is accomplished 
with circuitry similar to the popular LM380 audio 
power amplifier, featuring both short circuit and thermal 
protection. 

Features 
• Minimum undistorted output 

LM2808 - O.5W 
• Linear volume control - 75 dB range 
• Fixed voltage gain in audio amplifier 

• Short circuit and thermal protection 

Schematic Diagrams (For power amplifier section of schematic, see next page) 

10 

I F and Detector 
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Absolute Maximum Ratings 
Supply Voltage, VCC (Pin 2) 

LM2aOa 
Input Current,lMAX (Pin 6) 

Storage Temperature Range 
Operating Temperature Range 
Maximum Junction Temperature 

-65°C to +150°C 
O°C to +70°C 

150°C 
Input Signal Voltage (Between Pins 12 and 13) 

20V 
50mA 
3Vp-p Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (See test circuit) 

PARAMETER CONDITIONS MIN TYP MAX ,UNITS 

Po @10%THD 

LM2aOa VCC = 16V, RL = an 2.6 W 

VCC = 14V, RL = an 1.9 W 

'VCC"" 12V, RL = an 1.3 W 

Feedthrough Signal (Pin ,1) R Pin 7 = on 15 mVrms 

Current into Pin 6 V Pin 6= 10V 7 10.a 15 mA 

AM Rejection VIN = 10 mVrms, 40 dB 

.:If = 25 kHz, AM = 30% 

Recovered Audio (Pin a) 350 500 mVrms 

Input Limiting Voltage at 4.5 MHz 200 400 p.V 

Audio Power Amp Voltage Gain 40 60 V!V 

(Pin 16 to Pin 1) 

Output,Noise, Input Signal Removed R Pin 7= on ' 70 150 mVrms 

(Pin 1) 

Distortion (Pin a) .:IF = 25 kHz, fo = 4.5 MHz 1.2 2 % 

Distortion (Pin 1) 

LNl2aOa Po = 0.5W, RL = an 1.2 2 % 

Input Impedance (Pin 16) 50 200 kn 

Current into Pin 2 (Zero Audio Output V2= 24V 2 5 20 mA 

at Pin 1) 

"-
Schematic Diagrams (Continued) 

Power Amplifier. 11 18 
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Typical Application and Test Circuit 

L* 

*L = 7-141'Hy 
au =60 
fo = 4.5MHz 

Connection Diagram 

LOW 

.---------... ----O',v 
r 
I 
I 
L 

LM28DBN 

Television Soun~ System 

Dual-In-Line Package 

250~F 

'5~ 

PWR lEVEL PWR 
AUDIO AUDIO AMP 

GND GND IN 

PWR 
AMP 
OUT 

PlNR RIP ~ 
AMP BY· HEAT 
v+ PASS SINK 

TOP VIEW 

IF IF IN IF DETECTOR 
IN oeCPL GND IN 

IF VOL DETECTOR IF 
v+ CON· OUT OUT 

TROL 

Order Number LM2BOBN 
See NS Package N18A 
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Typical Performance Characteristics 

i 
0.6 

~ 0.5 .. .. 
~ 0.4 .. 
> .... 

0.3 ~ 
:0 .. 02 
'" .. 
~ 0.1 
co 

Volume Control Characteristic 

T! = is"CI 
'0 II 4.5 MHz 

/V afo=25kHz 

I 
V 

II 
V 

1 2 3 4 5 6 1 B.9 10 

VOLUME CONTROL SETI'NG IhO) 

m 

'" ~ 
§ 
~ 
'" '" 

AM Rejection VI Input 
Signal Level 

10 

SO 

50 

40 

3D 

20 

10 

o 
0.1 

FM DEVIATION" !25 kHz 
AM MODULATION' 30% 
TA=2S"C 

'.' 4i~ ~,~. 
'"' 

10 

VIN(mVrms) 
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o 

100 

Allowable Devi.e Dissipation 
VI Ambient Temperature 

INFINITE HEATSINIC 

r-.. 
STAVER VI OR 
EaUlv, HEAT SINK 20"CiW 
2 SO. IN. " 

IC~"Er~L 
~ 4Q"CiW 

O£VICfIN (00., &S"CiW 
SDCICET 8S"C/W 
'~H'fTSINK 

o 20 40 60 BO 100 120 

AMBIENT TEMPERATURE I"C) 



~National 
~ Semiconductor 

TV Circuits 

LM3064 Television Automatic Fine Tuning 
General Description 
The LM3064 is a monolithic integrated circuit 
designed primarily for AFT (automatic fine tuning) 
applications. It includes a zener regulated power· 
supply, IF amp, differential peak detector, and 
an AGC circu it. 

The LM3064 is supplied in both the formed and 
straight lead 14-lead dual·in-line package. 

I""'\.~------

'C121 

'lUI 

and are in ohms. 

Test Circuits 

" " 

.. .. 

AII.esistanlfl 1% toleflnct: and are in ohms. 

M 

" " ... 

Test Circuit 1 
Correction Voltage Test Circuit 

Lllayl alii;:' 
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Features 
• Primarily intended for AFT applications 

• High gain input amp (18 mV for rated output) 

• Differential output correction voltage 

• Wide operating temperature _40°C to +85°C 

• Formed leads available for easy PC board design 

Dual-In-Line Package 

Order Number LM3064N 
See NS Package N14A 

Order Number LM3064N'()1 
See NS Package N 14C 

DC parameter test circuitlests; 
4Total device dissipation. 
"Zener regutating voltage. 
"'Oulescent operating current. 
"'Ouiescentc:urrent Into pin 2. 

Test Circu it 2 
DC Parameter Test Circuit 



Absolute Maximum Ratings 
Power Dissipation (Note 1) 
Ope"rating Temperature Range 
Storage Temperature Range 
Power Supply Current 

71SmW 
_40°C to +BSoC 

-6SoC to +lS0°C 
SOmA 

Electrical Characteristics (T A ; 25·C) 

PARAMETER SYMBOL 
TEST 

CIRCUIT 

STATIC 
Device Dissipation PT 

Current Drain 'T 

Zener Regulating Voltage V,. 

Quiescent Current 
I, 

Into Pin 2 

Quiescent Voltage 
V. at Pin 4 

Quiescent Voltage 
V, 

at Pm 5 

Output Offset Voltage 
V4-VS between Pins 4 & 5 

DYNAMIC - Output Voltage vs Frequency DeVIation AFT 

Correction Control 
Voltage at Pin 4 

Correction Control 
Voltage at Pm 5 
See Curves 

V. 

V. 

V. 

V. 

V. 

V. 

. V5 

V5 

V5 

V5 

V5 

V5 

CONDITIONS 

Vee - 30V; Rs 1.Sk 

V,a'" 10.5V 

Vee'" 30V; Rs;; 1.5k 

Vee = 30V; Rs '" l.Sk 

Vee"'" 30V; Rs.= 1,5k 

Vee 7' 30V; Rs ,= 1.Sk 

Vee = 30V; Rs = 1.5k 

Vee'" 30V; Rs = 1.Sk 
VI'" lBmV 

f = 45.75 - .03 MHz 

f = 45.75 + .03 MHz 

f: 45.75 -.9 MHz 

. f = 45.75 + .9 MHz 

f = 45.75 - 1.5 MHz 

f'" 45,75 + 1.5 MHz 

f::; 45,75 - .03 MHz 

f::; 45.75 + .03 MHz 

f::; 45 75 - .9MHz 

f::; 45.75 + .9 MHz 

f '" 45,75 - 1,5 MHz 

f '" 45,75 + 1,5 MHz 

I LIMITS I UNITS 
I MIN MAX ~ 

130 150 mW 

4.0 9.5 mA 

10.9 12.8 V 

mA 

5.0 8.0 V 

5.0 8.0 V 

-1.0 +1.0 V 

CorrectIon Voltage 
as Shown Below 

%.1 %.1 
V,. V,. 

85 V 
25 V 

80 V 

35 V 

80 V 

35 V 

25 V 

85 V 

35 V 

80 V 

35 V 

80 V 

Note 1: For operation in ambient temperatures above 25°C. the device must be derated based on a 15(fC maximum junction 
temperature and a thermal resistance of 175°CIW junction to ambient. 

Correction Control Voltage 

CORRECTlDN 

12.5 bC.ONIT";VOlT~:~ 
CORRE~TlOI\I 
CONTRDlVDLTAGE ." 

:; 10.0 

L.. ~~ .. J~J'':'V~lDlmll ~ 5.0 .25Vl0 

2.' 

, 
-0.030 -0.020 +0.010 +1.030 

-0.010 45.750 +D.D2D 
INPUT fREDUENCY DEVIATION (MHz) 

Coil Winding Data 
COIL DATA FOR DISCRIMINATOR WINDINGS 

L1 - Discriminator Primary: 3-1/6 turns; No. 20 
Enamel·covered wire-close-wound, at botto""! of 
coil form. Inductance of L, = 0.165J,J.H; 00 = 120 
at fo ~ 45.75 MHz. 

Start winding at Terminal No.6; finish at Ter
minal No. 1. See Notes below. 

Lz - Tertiary Windings: 2-1/6 turns; No. 20 
Enamel-covered wire-close- wound over bottom 
end of L,. Start winding at Terminal No.3; finish 
at Terminal No.4. See Notes below. 

L3 - Discriminator Secondary: 3-112 turns; 
center-tapped, space wound at bottom of coil fOIm. 

Inductance of LJ = 0.180 J,J.H; Oa = 150 at fa ::= 

45.75 MHz. 

Start winding at Terminal No.2; finish at Ter
minal No.5, connect center tap to Terminal No.7. 
See Notes. 
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2·'~HmBE . ,UJ..l. 
-2.0 -1.0 45.750 1.0 2.0 

INPUT FREQUENCY DEVIATION IMHz) 

Note 1: Coil Forms; Cylindrical; -0.30" dia. max. 
Note 2: Tuning Core: 0.250" dia. x 0.37" length. 
Material: Carbinal J or equivalent. 
Note 3: Coil Form Base: See drawing below. 
Note 4: End of coil nearest terminal board to be 
designated the winding start end_ 

L,is.,ignedforsymm.tricalbandwidth 
on edher sid. of 45.750 MHz. 

L2 tertilrywindingwoundonL, coil form. 

L3 is.,ignedfofzerodifferentilloutput 
between tenninlls 4 and 5 at to ·45.750 MHz. 



~National 
~ Semiconductor 

TV Circuits 

TBA440C Monolithic Video I F Amplifier 

General Description 

The TBA440C is a monolithic video I F amplifier for 
color and monochrome television receivers. 

The circuit includes three I F amplifier stages, a balanced 
.... ::!::::; ! ~ d:::!~::!~~ :!~d e ~~!~d .AJ3C ~p~inn for the IF 
amplifier and PNP tuner. 

Connection Diagram 

Dual·ln·line Package 

IF INPUT 

DC FEEDBACK 

GND 

REGULATING 4 
VOLTAGE FILTER 

TUNER AGe DRIVE 

TUNERAGC 6 
DELAY CONTROL 

LINE RETURN PULSE 7 
(-2 TO -5Vpp NEGATIVE) 

PARALLEL 8 
elReUIl 3S.9 MHz 

TOP VIEW 

16 IF INPUT 

15 DC FEEDBACK 

14 114 (3D TO 50 mA,lNTfRNALLY 
STABILIZED TO iV) 

13 Vee UOTO 15V) 

12 POSITIVE 1 
11 NEGATIVE VIDEO OUTPUTS 

10 AGe DETECTOR lIP 

9 PARALLEL 
CIRCUIT lB.9 MHz 

Order Number TBA440C 
See NS Peckage N16A 

Order Number TBA440CQ 
See NS Package N16C 

Features 

• High gain-high stability 
• Minimal noise increase, incurred by use of AGC 

• Minimum RF breakthrough to video outputs 
• Fast AGC action-gating largely independent of pulse 

shape and amplitude 

• Very low intermodulation products 

• Positive and negative video signals are available from 
low impedance outputs 

• Integrated temperature compensating circuit 

Test Circuit 

V<c 
IDOnF 

D 

+o-.... c::JI-.... --{=::J--....., TUNER 
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Absolute Maximum Ratings 

Supply Voltage 15V 
Current Into Pin 14 50mA 
Power Dissipation 700mW 
Maximum Resistance Between Pins 8 and 9 20n 
Operating Temperature Range -25°C to +70°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (TA = 25°C. VCC = 13V, 114 = 40 ~A. unle~s otherwise specified) 

PARAMETER CONDITIONS MIN ,TYP MAX UNITS 

113 Current Consumption V13 = 15V 14.5 17.5 20.5 mA 

V14 Internal Supply Voltage 114 =40 mA, VIN =0 5.5 6.0 6.8 V 

Vll DC Voltage at Output VIN =0 5.5 7 8.5 V 

V12 DC Voltage at Output 1.7 3 4.3 V 

15 Control Current for Tuner AGC (10 dB After Beginning of 3 mA 

the Tuner AGC, V5 ~ 2V) 

V4 I F Control Voltage for GMAX 0 0.5 V 

V4 IF Control Voltage for GMIN 2.5 V 

V7 Voltage for AGC Gating Input -5 -2 V 

Rl0·l1 Resistance for Output Voltage Vl1 =3Vp·p 3 4 10 kn 

111. 112 , Available Output Current to 5 mA 

Ground 

111,112 Available Output Current to VCC+ -1 mA 

21·16 Input Impedance at GMAX 1.8/2 kn/pF 

21·16 Input Impedance at GMIN 1.9/0 kn/pF 

VIN I nput Voltage Vll = 2 VP-P. (Note 1) 100 p.V 

VIN Input Voltage Vll = 3 Vp-p, (Note 1) 150 p.V 

BVIDEO Video Bandwidth 9 MHz 

GV AGC Range 50 55 dB 

Sound/Chroma Intermodulation (Note 2) -40 dB 

Products 

Nota 1: RMS of sync tip voltage, see test circuit. 
Nota 2: Sound subcarrier-24 dB 

Color subcarrier-2 dB 
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~ Semiconductor 
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TBA510 Chrominance Combination 

General Description 

The TBA510 is an integrated chrominance amplifier 
circuit for colin TV receivers incorporating a variable 
gain ACe circuit, a dc control for chroma saturation 

which can be ganged to the receiver contrast control, 
chroma blanking and burst gating functions, a burst 
output stage, a color killer and a PAL delay line driver. 

Connection Diagram 

Typical Application 

Dual·ln-Line Package 

I 
1 

IlV POSITIVE SUPPl V 

Ace CONTROL INPUT 

Ace liAS DECDU,L1HG 

CHROMA SIGNAL INPUT 

COLOR KILLER 5 
SW1TCH IN'UT 

EMITTER DECOU'UMO • 
NETWORK 

SCREEN 7 
(CONNEtT TO GNO) 

DELAY LINE I 
DRIVER (COLLECTORi 

i I 
V 

TO' VIEW 

I 
1& DND 

15 CHROMA SATURATION 
CONTROL 

14' CHROMA BLANKING 
PULSE INPUT 

13 BURST GATE INPUT 

12 COLOR BURST 
OUTPUT (EMITTER) 

11 COLOR BURST 
OUTPUT (COLLECTOR) 

10 SCREEN 
(CONNECT TO GNDI 

9 DELAVLlNE 
DRIVER (EMITTERl 

Dual-In-Lina Packaga, Ordar Number TBA510 
Sea NS Packaga N16A 

Quad-In-Line Package, Order Number TBA510Q 
Sea NS Package N16C 

Z2I1pH 

r-----;::;:;::;;;:~----1r ... ----------~p__1~"Y"y-y"'--o+1Zy 

t{R-VI 

L-_ ........ _III--V) 

Nota: The A.C.C.loop gain can ba defined by inserting a suitable resistor batween pins 2 & 3. (Example 22 kG). 

11-45 



o 
u; 
<C 
m 
I-

Absolute Maximum Ratings 

Power Dissipation, (T A = 60°C) 550mW 
V1-16 13.2V 
V13·16 -5V 
V14·16 -fN 
VS·16 +20V 
Vl1-16 +20V 

IS=-19 20mA 

111 =-112 20mA 
Operating Temperature Range -20°C to +60°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (V1-16 = 12V, TA ='25°C) 

PARAMETER. CONDITIONS 

CHROMINANCE SIGNAL (FED IN VIA 1 nF) 

V4-16 Input Voltage Range 

IZ4-161 Input Impedance 

BURST SIGNAL OUTPUT 

V12-16 DC Voltage 

V12-16 Output Signal 

111 Collector Current of Output 

Transistor 

CHROMINANCE SIGNAL OUTPUT (BURST BLANKED INTERNALL V) 

V9-16 DC Voltage 

V9·16 Output Signal (Color Bars) at 

Nominal Saturation and Maximum 

Contrast 

Range of Contrast and Saturation 

Control 

IS Collector Current of Output 

Transistor 

ACCINPUT 

V2·16 ACC Threshold Voltage 

IZ2·161 Input Impedance 

CHROMA·SATURATION CONTROL 

V15-16 Controt Voltage Range 

IZ15·161 Input Impedance 

CHROMA BLANKING PULSE 

V14·16 Switching Level 

IZ14·161 I nput Impedance 
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MIN TVP MAX UNITS 

15 300 mVp·p 

2 3 kg 

7.7 V 

1 Vp-p 

4 mA 

6.S V 

1 Vp·p 

-30 +6 dB 

5 mA 

2.5 V 

50 kg 

1.5 4.5 V 

50 kg 
, 

-1. V 

2 kg 



Electrical Characteristics (Continued) (VH6; 12V, TA; 25°C) 

PARAMETER CONDITIONS MIN TY'P MAX UNITS 

BURST GATE PULSE 

V 13·16 Switching Level 

IZ13·161 Input Impedance 

COLOR KILLER 

V5·16 

IZ5-161 

Input Voltage For: 

Color "ON" 

Color "OFF" 

Signal Suppression at Color "OFF" 

Input Impedance 

-2.2 

4 

2.3 

1.9 

50 

50 

Note 1: The phase difference between the chroma and burst outputs at nominal saturation is less than S°. 
Note 2: Phase shift of chroma output signal over saturation control range +6 to -10 dB is less than S°. 

Pin Function Description 
1. Positive 12V supply. 

2. ACC control potential input_ The potential required 
at pin 2 for maximum gain is about 2.5V; gain reduction 
occurs when this potential is reduced, ZIN > 50 kQ. 

3_ ACC gain adjustment point. The internal ACC circuit 
consists of a long-tailed pair system. The "cold" side of 
the pair is internally established at a dc potential of 2.5V 
and is brought out on pin 3. This enables a decoupling 
capacitor to be connected. A very high loop gain in the 
ACC system is possible but as this is not necessarily 
desirable, because of stability and ripple considerations, 
a resistor of a suitable value can be connected between 
pins 2 and 3 to reduce the control sensitivity to any 
desired level. 

4. Chroma input signal_ The input voltage range is 15 to 
300 mVp-p (26 dB) with a color bar signal. 

5. Color killer switching input. The input impedance is 
greater than 50 kQ. Color "ON" 2.3V; color "OFF" 
1.9V. The chroma signal suppression when killed is 
greater than 50 dB. 

6. Emitter decoupling network_ The series network de
couples an emitter of an amplifier stage. The value of 
resistance influences the gain of both the chroma channel 
and the burst channel. 

7_ Screen. This pin must be connected to pin 10 and 
taken via a direct path to earth. The function of this is to 
minimize crosstalk between burst and chroma channels. 

8. Delay line driver (collector). Supplies the chroma 
signal drive to the delay line driver transformer, the cold 
end of which is connected to +12V. The maximum per
mitted voltage excursion at this pin is to 20V peak. 
Maximum ac signal current swing, 12 mAp-po 

9. Delay line driver (emitter). Supplies the chroma to 
the network which provides the non-delayed signal to 
the delay line output transformer. The emitter is estab· 
lished internally at a potential of 6.8 ±lV and the external 
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network, which must incorporate a resistive dc path to 
earth, must not demand more than 20 mA peak current. 

10. Screen. Connect to pin 7 and then to earth. 

11. Color burst output (collector). If a low impedance 
color burst is required (from the emitter of the color 
burst output, pin 12) pin 11 wi II be connected to the 
+12V supply. The maximum voltage and current excur
sions permitted on pin 11 are 20V peak and 20 mA peak. 

12. Color burst output (emitter). An external load 
resistor of 2 kQ is required, connected to earth, and a 
dc potential of 7.7V is established on pin 11 due to the 
internal circuitry. The burst output voltage is 1 Vp-p 
±1 dB over the chroma input signal range of amplitudes. 

13. Burst gate gating pUlse. A pulse derived from the 
horizontal flyback pulse can be used as a source of gating 
waveform. A negative-going pulse of not greater than 5V 
amplitude is necessary, the input impedance is 4 kQ 
and the switching is about -2.2V. 

14. Chroma blanking pulse input. A negative-going hor
izontal flyback pulse can be used here. Its amplitude 
should not exceed 5V. The input impedance at this pin is 
2 kQ and the switching level is about -1.0V. This pulse 
is used to blank the burst output from the chroma 
channel. 

15. Chr.oma saturation control. The dc control voltage 
range required is from 1.5-4.5V (highest gain at -4.5V). 
The input impedance is greater than 50k and a control 
range of from +6 to -30 dB is given. 

16. Negative supply or earth. 

PERFORMANCE COMMENTS 

(a) The phase difference between the chroma and burst 
outputs at nominal saturation is less than 5°. 

(b) Phase shift of chroma output signal over saturation 
control range +6 to -10 dB is less than 5°. 

V 

kQ 

V 

V 

dB 

kQ 

-I 
I:D » 
U1 ...... 
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~National 
~ Semiconductor 

TBA530 RG B Matrix Preamplifier 
General Description 

TV Circuits 

The TBA530 is an integrated circuit for color TV receivers 
incorporating a matrix preamplifier for R-G-B cathode or 
grid drive of the picture tube without clamping circuits_ 

It has been designed to be driven from the TBA990 or 
TBA520 synchronous demodulator circuits and exhibits 
excellent channel matching and stability_ 

Connection Diagram 
Dual-In-Line Package 

OUTPUTlOAD 1 
RESISTOR (BLUE SIGNAL) 

-(B-VIINPUT SIGNAL 

-IG-V) INPUT SIGNAL 

-IR-VIINPUT SIGNAL 

LUMINANCE 5 
SIGNAL INPUT 

GNO 

CURRENT FEED POINT 

1ZV POSITIVE SUPPL V 

Typical Application 
-BOUTPUT 

IOOVBW 

TDPVIEW 

1& BLUE SIGNAL OUTPUT 

15 BLUE CHANNEL 
FEEDBACK 

14 OUTPUT LOAD RESISTOR 
(GREEN SIGNAL! 

13 GREEN SIGNAL OUTPUT 

12 GREEN CHANNEl 
feEDBACK 

11 OUTPUT LOAD RESISTOR 
(RED SIGNAL) 

10 RED SIGNAL OUTPUT 

9 RED CHANNEL 
FEEDBACK 

-GOUTPUT 
'OIJVBIII 

Note 1: DC output voltages R. G and B are typically 140V in this circuit. 

!):.:=!-!:-:-!...!~~ ~=,=!".:=~e. Q!'~~'" I\hllnk.,. .. TRA~~n 

See NS Package N16A 

Ouad-In-Line Package. Order Number TBA530Q 
See NS Package N16C 

-ROUTPUT 
IUDV8W 

Note 2: The voltege gain between pins 2, 3, 4 and collectors (BF336) is typically 100. 
Note 3: The normal biaS voltage on pins 1. II, 14 is av. 
Note 4: ~in 7 requires a 4.7 nF decoupling capacitor. 

Note 5: DC bias level shift. provided by internal zeners between pins 1-16. 14-13 and 11;10, requires 
10 nF bypass capacitors for H.F. . . 
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Absolute Maximum Ratings 

VS-6 

11,111,114 
110,113,116 
Power Dissipation ITA = 60°C) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

13.2V 
10mA 
50mA 

400ritW 
-20°C to +60°C 

-65°C to +150°C 
300°C 

Measuring Conditions: Black Level: VR-Y = VG-Y = VB-Y = 7.5V, Vy = 1.5V, VS-6 = 12V, TA = 25°C 

PARAMETER CONDITIONS MIN TYP 

Ratio of Gain of Luminance As Measured in Appl ication 0.9 

Amplifier to Color Amplifiers Circuit 

R2-6 Input Resistance of Color 1 kHz 60 

R3-6 Difference Amplifiers 60 

R4'6 60 

C2-6 Input Capacitance of Color 1 MHz 3 

C3-6 Difference Amplifiers 3 
C4-6 3, 

R5-6 Input Resistance of Luminance 1 kHz 20 

Amplifier 

C5-6 Input Capacitance of Luminance 1 MHz 10 

Amplifier, 

S Bandwidth of all Channels 3dB 6 

IS Total Current Drain 30 

17 Bias Current 2.5 

Schematic Diagram 

" 15 14 13 12 ," 10 

• 5 
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1.1 

UNITS 

kn 
kn 
kn 
pF 
pF 

pF 

kn 

, pF 

MHz 

mA 

mA 



Pin Function Descr,iption 

The function is quoted against the corresponding pin 
number. 

1. Output load resistor, blue signal. (Also pins 11 and 
14 for red and green signals respectively.) Resistors 
(47 kn, 1 W) connected to +200V provide the high value 
loads for the internal amplifying stages. The nominal 
operating potential on these pins is defined by the IC 
and dc feedback and is approximately +8V. The maxi· 
mum current which can be allowed at each of these 
pins is 10 mAo 

2. -(B·Y) input signal. This signal is fed via a low·pass 
filter from the TBA520 demodulator IC (pin 7) having 
a dc level of about +7.5V. The input resistance for this 
pin is typically 60 kn with an input capacitance of less 
than 5 pF (similarly for pins 3 and 4). 

3. -(G·Y) input signal. The dc black level of this signal 
is about +7.5V. (See pin 2.) , 

4. -(R. Y) input signal. The dc black level of this signal is 
about +7.5V. (See pin 2.) 

5. Luminance signal input. The dc level on this pin for 
picture black is +1.6V. The required signal amplitude is 
lV black·to·white with negative·going syncs (or blanking) 
for cathode drive as shown. The input resistance at this 
pin is 20 kn approximately with a capacitance of less 
than 15 pF. 

6. Negative supply (earth). 

7. Current feed point. A current of approximately 2.5 
mA is required at this pin, fed via a 3.9 kn resistor from 
+12V, to bias the internal differential amplifiers. A de· 
coupling capacitor of 4.7 nF is necessary. 

8. Positive 12V supply. Maximum supply voltage per· 
mitted, 13.2V. Current consumption approximate.ly 
30mA. 

9. Red channel feedback (green channel, pin 12; blue 
channel, pin 15). The dc working points and gains of 
both the output stages and the IC amplifier stages are 
stabilized by the feedback circuits. The black level po· 
tentials· at the collecto'rs of the output stages (tube 
cut·o~) are adjusted by setting correctly the dc levels of 
the color difference signals produced by the TBA520 
demodulator IC. The gains of the R·G·B output stages 
are adjusted to give the correct white points setting on 
the picture tube by adjusting the potentiometers in the 
feedback paths (VR1, VR2). (See notes em setting up 
decoder.) 
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10. Red signal output (green and blue signal outputs on 
13 and 16). These pins are internally connected with 
pins 11, 14 and 1 respectively via zener type junctions to 
give a dc level shift appropriate for driving the output 
transistor bases directly. To bypass the zener junctions 
at h.f. three 10 nF capacitors are required. 

11. Output load resistor, red channel (see pin 1). 

12. Green channel feedback (see pin 9). 

13. Green signal output (see pin 10). 

14. Output load resistors, green channel (see pin 1). 

15. Blue channel feedback (see pin 9). 

16. Blue signal output (see pin 10). 

Note 1: Careful attention to earth paths should be given, avoid
ing common impedances between the input (decoder) side and 
the output stages. Also, to enable matched performance to be 
achieved, a symmetrical board and component layout should be 
adopted for the three output stages. To compensate for the 
effect upon h.f. response of inevitable differences the campen· 
sating capacitors Cl and C2 and C3 may be appropriately selected 
for any given board layout. 

Note 2: The signal black level at the collectors of the R·G·B 
output stages depends upon the +12V supply. the de level of the 
color difference Signals from the TBA520 demodulator IC and 
the black level potential of the luminance Signal applied to the 
TBA530 matrix IC. T~e de levels of the signals produced and 
handled by the IC's are designed to have approximately propor· 
tional tracking with the 12V supply potential, 

. I'. V (de level, signal) ~ V nom (de level, signal) 
I.e., -

I'.V12V 12 

To ensure that changes in picture black level due to variations on 
the 12V supply to the IC's occur In a predictable way, all the 
IC's should be operated from a common supply line. This is 
specially important for the TBA520 and TBA530. Furthermore, 
10 limit the changes in picture black level during receiver opera
tion, the 12V supply should have a stability of not worse than 
±3% d~e to operational variations. 

Nota 3: To reduce the possibility of patterning on the picture 
due to radiation of the harmonics of the products of the demod
ulation process, the leads carrying the drive signals to the picture 
tube should be as short as the receiver lavout will allow. Resistors 
(typically 1 k 5nl connected in series with the leads and mounted 
close to the collectors of the output transistors provide useful 
additional filtering of harmonics. 



~National 
~ Semiconductor 

TV Circuits 

TBA540 Reference Combination 
General Description 
The TBA540 is an integrated 'color reference' oscillator 
circuit for PAL TV receivers. The oscillator employs a 
quartz crystal and incorporates automatic phase and 
amplitude control. A synchronous demodulator is used 
to COmpare the phase and ampl itude of the swinging 

Connection Diagram 
Dual-In-Line Package 

OSCILLATOR 1 
fEEDBAClClNPUT 

FREQUENCY 2 
CONTROL FEEDBACK 

12'1 POSITIVE SUPPLY 

REFERENCE OUTPUT 

BURST INPUT 

REFERENCE INPUT 

COLOR 7 
KILLER OUTPUT 

PAL FLIP-FLOP 8 
SQUARE WAVE INPUT 

TQPVIEW 

Typical Application 

16 GND 

15 OSCILLATOR FEEDBACK 

14 

1 DC CONTROL POINTS 

13 ~~:s~S~~~~~Ol~LODP 
12 Ace lEVEL SETTING 

(S£E ALSO PIN 101 

11 Ace GAIN SETTING 

10 Ace LEVEL SETTING 
(SEE ALSO PIN 12) 

9 ACCQUTPUT 

burst ripple with the PAL flip-flop' waveform and gen
erates appropriate ACC color killer and identification 
signals. A high standard of noise immunity has been 
obta,ined by using synchronous demodulation. 

Dual-In-Line Package, qrder Number TBA540 
See NS Package N16A 

Quad-In-Line Package, Order Number TBA540Q 
See NS Packege N 16C 

REFERENCE OUTPUTS 

COLOR KILLER 
IS-'y) 2% 

21pF 
-fl-VI OUTPUT (TBA5&D) 

+12'1 

, .. 

+12'1 
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+12V 

10k 

H/2INPUl 

~I" 

IDENT OUTPUT 
{TBA99DI 

'-_____ ++ ~TC8~~:~PUT 

+12V 

fDENT OUTPUT 
(TBA5201 



Absolute Maximum Ratings 
V3-16 13.2V Storage Temperature Range -65°C to +150°C 

Power Dissipation (TA = 60°C) 780mW Lead Temperature (Soldering. 10 seconds) 300°C 

Operating Temperature Range -20°C to +60°C 

Electrical Characteristics (V3-16 = 12V. T A = 25°C as measured in typical application circuit) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Signals 

V4·16 B·Y Reference Signal Output 1 1.4 2 Vp·p 
V7·16 Color Killer Output 

Color "ON" 12 V 
Color "OFF" 100 250 mV 

V9·16 ACC Output Signal Range 

At Correct Phase of PAL Switch 4 to 0.2 V 
At Incorrect Phase of PAL 4 to 11 V 

, 
Switch 

Oscillator Section (Amplifier) 

R15-16 I nput Resistance 3.5 k0. 

C15·16 Input Capacitance 5 pF 
G15-1 Voltage Gain 4.7 

Reactance Control Section 
G15-2 Voltage Gain With Pins 13 and 1.3 

14 Shorted 

M15·2 Rate of Change of Gain G 15-2 5 rad-1 
---
6qJ5·4 With Phase Difference Between 

Burst and Reference Signal 

Burst Input 
R5-16 I nput Resistance 1 kU 

Burst I nput level 0.7 1.5 Vp-p 

Flip-Flop Input 

VB-16 Voltage 2.5 Vp-p 
RB·16 Resistance 3.3 kU 

Phase lock loop 

Oscillator Phase Error for a Burst Crystal Frequency 1400 Hz ±IO DEG 
Signal 

Holding Range 
Pull-in Range 
Temperature Coefficient of 

Oscillator 

Application Notes 

A dc connection between pins 4 ~nd 6 is necessary via 
the bifilar coupling inductor. The function of this in
ductor is to produce. on pin 6. a signal of equal amplitude 
and opposite phase (B-Y) to that on pin 4. A center tap 
on the inductor. connected to earth via a dc blocking 
capacitor. is therefore necessary. 

DC Control Points in Reference Control Loop 

Pins 13 and 14 are connected to opposite sides of a 
differential amplifier circuit and are brought out for the 
purpose of dc balancing of the reactance stage and the 
connection of the bandwidth-determining filter network. 
Two 2% tolerance 10k resistors with the addition of a 
270n resistor at pin 13 are used in place of the previous 
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±600 Hz 

±300 Hz 
2 Hz/oC 

balancing network. The 270n resistor may be modified 
according to the nature of the noise that appears at pin 5. 

Initial Adjustment 

(a) Remove burst signal. 

(b) Short-circuit pins 13-14. Adjust oscillator to correct 
frequency by Cl. 

(c) Set the ACC level adjustment RV 1. to give +4V on 
pin 9. Remove short circuit. 

(d) Apply burst signal. 

(e) Adjust ACC gain. RV2. to give a burst amplitude of 
1.5Vp-p on pin 5. 

-t 
til 
l> 

8 



Pin Function Description 

1. Oscillator feedback output. The crystal receives its 
energy from this pin. The 'output impedance is approxi· 
mately 2 kn in parallel with 5 pF. 

2. Reactance control stage feedback. This pin is fed 
internally with a sinewave derived from the reference 
output (pin 4) and controlled in amplitude by the internal 
reactance control circuit. The phase of the feedback 
from pin 2 to the crystal via C1 is such that the value of 
C1 is effectively increased. Pin 2 is held internally at a 
very low impedance, therefore the tuning of the crystal 
is controlled automatically by the amplitude of the feed· 
back waveform and its influence on the effective value 
of C1. 

3. Positive 12V supply. The maximum voltage must not 
exceed 13.2V. 

4. Reference waveform output. This phi is driven in· 
ternally by the regenerated subcarrier waveform in 
B·Y phase. (The output is in B'Y rather than R'Y phase 
as the burst phase network produces a lag of 90° of the 
burst applied to pin 5). An output amplitude of nominally 
1.4Vp·p is produced at low impedance. No dc load 'to 
earth is required. A dc connection between pins 4 and 6 
is, however, necessary via the bifilar coupling inductor. 
The function of this inductor is to produce, on pin 6, a 
signal of equal amplitude and opposite phase (-(B·Y)) 
to that on pin 4. A center tap on the inductor, con· 
nected to earth via a dc blocking capacitor, is therefore 
necessary. 

5. Burst waveform input. A burst waveform amplitude 
of 1.5Vp·p is required to be ac·coupled to this pin. The 
amplitude of the burst will normally be controlled by 
the adjustment and operation of the ACC circuit. The 
input impedance at this pin is approximately 1 kn and a 
threshold level of 0.7V must be exceeded before the 
burst signal becomes effective. A dc bias of 400 mV is 
internally derived for pin 5. 

The absolute level of the tip of the burst at pin 5 will 
normally reach 1.5V (1.5Vp·p burst amplitude). 

6. Reference waveform input. This pin requires a ref· 
erence waveform in the -(B· Y) phase, derived from pin 4 
via a bifilar transformer (see pin 4), to drive the internal 
balanced reactance control stage. A dc connection be· 
tween pins 4 and 6 must be made via the transformer. 

7. Color killer output; Ttiis pin is driven from the 
collector of an internal switching transistor and requires 
an external load resistor (typically 10 kn) connected to 
+12V. The unkilled and killed voltages on this pin are then 

+12V and < 250 mV respectively. (The voltage range on 
, pin 9 over which switching of the color killed output on 

pin 7 occurs is nominally +2.5V.) 

8: PAL flip·flop square wave input. A 2.5Vp·p square 
wave derived from the PAL flip·flop (in the TBA520 or 
TBA990 demodulator IC) is required at this pin, ac· 
coupled via a capacitor. The input impedance is about 
3.3kn. 

9. ACC output. An emitter follower provides a low 
impedance output potential which is negative·going with 
a rising burst input amplitude. With zero burst input 
signal the dc potential produced at pin 9 is set to be 
+4V (RV1). The appearance of a burst signal on pin 5 
will cause the potential on pin 9 to go in a negative 
direction in the event that the PAL flip·flop is identified 
to be in the correct phase. The range of potential over 
which full ACC control is exercised at pin 9 is deter· 
mined by the control characteristic of the ACC amplifier, 
i.e., for the TBA560 from 0.8 to 1 V. The potential on 
pin 9' will fall to a value within this range as the burst 
input signal is stabilized to an amplitude of 1.5Vp·p. 
The latter condition is achieved by correct adjustment 
of RV2. If, however, the PAL flip·flop phase is wrong 
the potential on pin 9 will move positively. The potential 
divider R5, R6 will then operate a PAL switch cut·off 
function in the TBA520 demodulator I C. 

10. ACC level setting. The network connected between 
pins 10 and 12 balances the ACC circuit and RV1 is 
adjusted to give +4V on pin 9 with no burst input signal 
to pin 5. C5 provides filtering. 

11. ACC gain control. RV2 is adjusted to give the correct 
amplitude of burst signal on pin 5 (1.5 Vp·p) under ACC 
control. 

12. See pin 10. 

13. See pin 14. 

14, DC control points in reference control loop. Pins 
13 and 14 are connected to opposite ,sides of a differen· 
tial amplifier circuit and are brought out for the purpose 
of dc balancing of the reactance stage and the connection 
of the bandwidth·determining filter network." Two 2% 
tolerance 10k resistors with the addition of a 270n 
resistor at pin 13 are used in place of the previous 
balancing network. The 270n resistor may be modified 
according to the nature of the noise that appears at pin 5. 
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The filter network consists of R2, C2, C3 and C4. The 
dc potentials on these pins are n,ominally +6V. 



Schematic Diagram 
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~Nat1onal TV Circuits 
~ Semiconductor 
TBA560C Luminance and Chrominance Control 
Combination . 
General Description 
The TBA560C is an integrated circuit for processing and 
controlling luminance and chrominance signals in PAL 
TV receivers. 

The chrominance amplifier comprises: , 

• Gain·contro.lled amplifier 

The luminance amplifier comprises: 
• DC chroma gain control tracked with contrast control 

• DC ,contrast control 
• Brightness control 

• Separate dc saturation control 

• PAL delay line driver 

• Black level clamping • Burst gate 

• Blanking of flyback • Color killer 

• Input matched to the luminance delay line • Chroma signal flyback blanking 

Connection Diagram DUll-In-Line Pl<Iklge 

IALAII(:£ 1 
CH"OMAINPUT 

DC CONTRAST CONTROL 

lUMIHAHCEIN'UT 

ILACKUVEt 4 
ClAMPCA,ACtTOR 

LUMINAHCEOUT'UT 

IRIGHJNfSSCQrfTROL 

8URSTOUT'UT 

FLYaACIC I 
ILANKIHGINPUT 

rOPVliW 

liGIilD 

IS IAlAItC£D 
CHAOMAITmn 

14 ACCINPUT 

Il CHROMA 
SATURATIONCOIITIIOL 

12 DCfE£OB"'CKFOfl 
CHROMACHAHNU 

11 I2VI'OSITIVESU"lY 

"IURSTGATEAND 
ClAMPlflGPULUI"'UT 

• CHROMAOUT'UT 

Dual-ln·Llne Package, Ordar Number TBA560C 
Sea NS Package N18A 

Quad-In-Line Package, Order Number TBA560CQ 
Se. NS Package N16C 

Typical Application LUMINANCE 
ITVIiIATR/XI 

IRIDH'"ESSCOIITRQL 
,,.. 

lOG lie ItII 

" 

COM~DSITE 

l"'UT~I:::o-..... -{=}-----.... -\:.u.:v-C::Jh:! ....... 

"k 
..IIU 
OUT~' 

,. 

, .. 

I I~~~~J:"RO" ~ OUT,..' 

.ce 
'IIDfIITIAMG 

H 

tDLDRKILUft 
POUIITIAL 
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Absolute Maximum Ratings (Note 1) 

Vl1-16 13.2V 
Va'16 Min. -5V 
Vl0·16 Min. -5V 
V12·16 -5V to +6V 

IQ 
Continuous Total Power Dissipation 
Operating Free Air Temperature Range 
Storage Temperature Range 

-10mA 
550mW 

-20°C to +60°C 
-65°C tb +150°C 

V13·16 -3V to +6.5V Lead Temperature (Soldering, 10 seconds) 300°C 

V14·16 Min. -,5V 

Electrical Characteristics with Vll·16 ~ 12V, TA ~ 25°C (as measured in typical application circuit) 

PARAMETFR CONDITIONS MIN TYP MAX UNITS 

V1·15 Chrominance Input Signal Range 4 80 mVp·p 

(Value of Color Bars With 75% 

Saturation) 

13 Luminance Input Current 0.5 1.5 mAp·p 

Black to White 

V2·16 Contrast Control Characteristic Full Gain 5.6 V 

6 dB Attenuation 3.7 V 

20 dB Attenuation 2.0 V 

(Note 2) 

V6·16 Brightness Control Voltage for (Note 3) 1.3 V 

Black Level of 1.5V at Pin 5 

VB·16 Flyback Blanking Pulses 

V8·16 For OV Blanking Level at Pin 5 0 -0.5 -1 Vp·p 

For 1.5V Blanking Level at Pin 5 -2 -2.5 -3 Vp·p 

V13·16 Saturation Control Characteristic Full Gain 6.2 V 

6 dB Attenuation 4.4 V 

20 dB Attenuation 2.7 V 

(Note 2) 

110 Burst Gating Pulse 0.05 1 mAp·p 

V13·16 Color Killer 0.5 1 V 

Automatic Chrominance Control 

V14·16 Voltage for Maximum Gain 1.2 V 

Voltage for Minimum Gain 0.5 V 

Gain Reduction 26 dB 

Input. Resistance 50 kl1 

V5·16 Luminance Output Voltage fBlack- (Note 2) 1 3 Vp·p 

White) at Nominal Contrast and 

I nput Current as above 

Black Level Shift Due to Changes 100 mV 

of Contrast and Video Content at 

Constant Brightness Setting 

V7·16 Burst Output 1 Vp·p 

V9·16 Chrominance Output at Nominal (Note 2) 1 Vp·p 

Contrast and Saturation 

3 dB Bandwidth of Chrominance 5 MHz 

and Luminance Amplifier, 

Matching of Luminance to 2 dB 

Chrominance Ratio at 10 dB 

Contrast Control 

Note 1: V2·16 and V13·16 must always be lower than VI 1-16. 
Note 2: Typical or nominal contrast or saturation = maximum value -6 dB. Thus the control is +6 to -14 dB on the nominal. 

Note 3: When V6~16 is increased above 1.7V the black level of the output signal remains at 2.7V. 

11·57 

-I 
to 
l> 
U'1 

~ 
(') 



Pin Function Description 

1. Balanced chroma signal input (in conjunction with 
pin 15). This is derived from the chroma signal bandpass 
filter, designed to provide a push·pull input. An input 
signal amplitude of at least 4 mVp·p is required between 
pins 1 and 15. Both pins require a dc potential of approx· 
imately +3.0V. This is derived as a common mode signal 
from a network connected to pin 7 (burst output). In 
this way dc feedback is provided over the burst channel 
to stabilize its operation. All figures for the chrominance 
signal are based on a color bar signal with 75% satura· 
tion; i.e., burst·to·chroma ratio of input signal is 1 :2. 

2. DC contrast control. With +3.7V on this pin, the gain 
in the luminance channel is such that a 0.5 mA black·to· 
white input signal to pin 3 gives a luminance output 
signal amplitude on pin 5 of 1 V black·to·white. A 
variation of voltage on pin 2 between +5.6V and +2V 
gives a corresponding gain variation of +6 to > -14 dB. 
A similar variation in gain in the chroma channel occurs 
in order to provide the correct tracking between the two 
signals. Beam current limiting can be applied via the 
contrast control network as shown in the peripheral 
circuit, when a separate overwind is available on the line 
output transformer. 

3. Luminance signal input. This terminal has a very low' 
input impedance and acts as a current sink. The lum· 
inance signal from the delay line is fed via a series 
terminating resistor and a dc blocking capacitor and 
requires to be about 0.5 mAp·p amplitude. A dc bias 
current is required via a 12 kn resistor to the +12V line. 

4. Charge storage capacitor for black level clamp. 

5. Luminance signal output. An emitter follower pro· 
vides a low impedance output signal of 1 V black·to·white 
amplitude at nominal contrast setting having a nominal 
black level in the range 0 to +2.7V. An externai emitter 
load resistor is required, not less than 1 kn. If a greater 
luminance output is required than lV, with norma" 
control settings, the input current swing at pin 3 should 
be increased in proportion. 

6. Brightness control. Over the range of potential +0.9 to 
+1.7V the black level of the luminance output signal 
(pin 5) is increased from 0 to +2.7V. The output signal 
black level remains at +2.7V when the potential on pin 6 
is increased above +1.7V. 

7. Burst output. A 1 Vp·p burst (controlled by the ACC 
system) is produced here. Also, to achieve good dc 
stability by l1egative feedback in the burst channel the 
dc potential at this pin is fed back to pinsl and 15 via 
the chroma input transformer. 
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8. Flyback blankillg input waveform. Negative'going 
horizontal and vertical blanking pulses may be applied 
here. If rectangular blanking pulses of not greater than 
-1 V negative excursion, or dc coupled pulses of similar 
amplitude whose negative excursion is at zero volts dc are 
applied, the signal level at the luminance output (pin 5) 
during blanking will be OV. However, if the blanking 
pulses applied to pin 8 have an amplitude of -2 to -3V 
the signal level at the luminance output during blanking 
will be +1.5V. The negative pulse amplitude should not 
exceed-5V. 

9. Chroma signal output. With a 1 Vp·p burst output 
signal (pin 7) and at nominal contrast and saturation 
setting (pins 2 and 13) the chroma signal output ampli· 
tude is 1 Vp·p. An external network is requirE;d which 
provides dc negative feedback in the chroma channel via 
pin 12. 

10. Burst gating and clamping pulse input. A positive 
pulse of not less than 50llA is required on this pin to 
provide gating in the burst channel and luminance channel 
black·level clamp circuit. The timing and width of this 
current pulse should be such that no appreciablll en· 
croachment occurs into the sync pulse or picture line 
periods during normal operation of the receiver. 

11. +12V L T supply. Correct operation occurs within 
the range 10.8 to 13.2V. All signal and control levels 
have a linear dependency on supply voltage but, in any 
given receiver design this range may be restricted due 
to considerations of tracking between the power supply 
variations and picture contrast and chroma levels. The 
power dissipation must not exceed 550 mW at 60°C 
ambient temperature. 

12. DC feedback for chroma channel (see pin 9). 

13. Chroma saturation control. A control range of +6 
to > -14 dB is provided over a rarge of dc potential on 
pin 13 from 6.2 to 2.7V. Color killing is also achieved 
at this terminal by reducing the dc potential to less than 
+lV, e.g., from the TBA540 color'killer output terminal. 
The minimum "kill factor" is 40 dB. 

14. ACC input. A negative·going potential gives an ACC 
range of about 26 dB starting at +1.2V. From lV to 
800 mV the steepest part of the characteristic occurs; 
but a small amount of gain reduction also occurs from 
800 mV to 500 mV. The input resistance is at least 50 kn. 

15. Chroma signal input (see pin 1). 

16. Negative supply, OV (Earth). 
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~National 
~ Semiconductor 

TV Circuits 

TBA920ITBA920S Line Oscillator Combination 
General Description 
The TBA920 is a monolithic integrated circuit intended 
for TV receivers with transistor-thyristor- or valve 
equipped output stages. 

It combines the following functions: 

• Noise gated sync separator 
• Phase comparison between sync pulse and oscillator 

Connection Diagram 

• Line oscillator 

• Loop gain and time constant switching (also for video 
recorder applications) 

• Phase comparison between line-flyback pulse and 
oscillator 

• Output stage for driving a variety of line output stages 

Dual-In-Lin~ Package 

PQSITIVESUPPLY 16 GND 

15 OSCILLATOR 
CURRENT CONTROL OUTPUT 

PHASE CONTROL INPUT 

Dual-In-Line Package, Order Number TBA920 or TBA920S PHASE DISCRIMINATOR 4 

14 OSCILLATOR CAPACITOR 

13 BIAS DECOUPLING See NS Package N16A OUTPUT 

Quad-In-Line Package, Order Number TBA920Q 
See NS Package N16C 

flVBACK PULSE INPUT 

SYNC PHASE 6 
COMPARATOR INPUT 

SYNC SEPARATOR 1 
OUTPUT 

SYNC SEPARATOR 8 
INPUT 

Typical Application 

POSITIVE 
NDIS.o----I 

PULSES .-_ .... _ ... 

'" 
fO'R VIDEO RECORDER 

APPLICATION 

COMP 
SVNCPULSES 

HORIZONTAL· 
PULSE 

. .l. 
RllIOV 

T 

11-60 

TOPVIEW 

TO 

12 CONTROL VOLTAGE 

11 TIME CONSTANT ADJUST 

10 SYNCHRONIZATlON.oETECTOR 
TIME CONSTANT 

9 NOISE GATE INPUT 

LINE DRIVER 12V 

IZV 

10k 
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Absolute Maximum Ratings m 
Vl-16 l3.2V Operating Temperature Range -20°C to +60oC ~ 12 (Mean) 20mA Storage Temperature Range -65°C to +150°C I\) 
12 (Peak) 200mA Lead Temperature (Soldering, 10 seconds) 300°C S 15,17,19 10mA Power Qissipation (T A = 60°C) 600mW 

m 
Electrical Characteristics at Vl-16 = l2V, TA = 25°C as measured in application circuit ~ 

I\) 
PARAMETER CONDITIONS MIN TYP MAX UNITS 0 

(J) 
Current Consumption 

11 12 = a 36 rnA 

Video Signal 

Vl Input Voltage Range Vp·p 

IQ Input Current During Sync Pulse 100 J.lA 

Noise Gating (Pin 9) 

V9-16 Input Voltage (Peak Value) 0_7 V 

19 Input Current (Peak Value) 0.03 10 rnA 

Flyback Pulse (Pin S) 

VS-16 Input Voltage (Peak Value) ±1 V 

IS Input Current (Peak Value) a-os rnA 

RS-16 Input Resistance 400 n 

ts Pulse Duration at 15.625 Hz 10 J.lS 

Composite Sync Pulses (Positive: Pin 7) 

V7-16 Output Voltage 10 Vp-p 

Output Resistance 

R7-16 At Leading Edge of Pulse (Emitter SO n 

Follower) 

R7-16 At Trailing Edge 2_2 kn 

R7-16 (ext) Additional External Load Resistance kn 

Driver Pulse (Pin 2) 

V2-16 Output Voltage 10 Vp-p 

12 Average Output Current 20 rnA 

12 Peak Output Current 200 rnA 

t2 Output Pulse Duration When 12 32 J.lS 

Synchronized 

to tot Permissible Delay Between Leading Edge 0 lS J.ls 

of Output Pulse and Flyback Pulse at ts = 12Jls 

Vl-16 Supply Voltage at Which Output Pulses 4 V 

are Obtained 

Oscillator 

fo Frequency; Free Running R1S-16 = 3_3 kn, (Note 1) IP.62S Hz 

LIfo Spread of Frequency at Nominal Values ±S % 

fo of Peripheral Components 

I~:o I 
Frequency Change When DecreaSing the 10 % 

Supply Down to Minimun 4V 

~fo/~VP Influence of Supply Voltage on Frequency % 

fo Vpnom at Vp= 12V 

5fo/~11S Frequency Control Sensitivity 16_S HzlJ.lA 

Control Loop I (Between Sync Pulse 

and Oscillator) 

V12-16 Control Voltage Range 0_8 S.S V 

Control Current (Peak Values) 

112M Vl0-16> 4_SV. V6-16> l.SV ±2 rnA 

112M Vl0-16< 2V. V6-16> l.SV ±6 rnA 
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Electrical Characteristics (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Loop Gain of APe System 

ill Time Coincidence Between Sync Pulse 1 kHz/l's 
fit and Flyback Pulse or Vl0-16> 4.5V 

ill No Time Coincidence or V10·16< 2V 3 kHz/l's 
fit 

fif Catching and Holding Range (Note 2) ±1 kHz 

t Pull-in Time fif/fo = ±3% W = 470 Hz} 20 ms 

t Switch-over From Large Control 20 ms 
Sensitivity to Small Control Sensitivity 

After Catching 

Control Loop II (Between Flyback Pulse 

and Oscillator) 

Id tot Permissible Delay Between Leading Edge 0 15 I'S 
of Output Pulse (Pin 2) and Leading Edge 

of Flyback Pulse 

ill.. Static Control Error (Note 3) 0.5 % 
fitd 

Overall Phase Relation , 
t Phase Relation Between Leading Edge of (Note 4) 4.9 I'S 

Sync Pulse and Middle of Flyback Pulse 

lfitl Tolerance of Phase Relation (Note 5) 1 I's 

fif Spread of Frequency at Nominal Values of -
fa Peripheral Components 

TBA920 ±5 % 
TBA920S ±2 % 

V3·16 Voltage t2 = 121's 6 V 

V3·16 tl = 321's s V 

13 Input Current 2 /lA 

Time Constant Switch Voltage on Pin 10 

Vl0·16 For Internal Rll = 150n 4.5 V 
Vl0·16 For Internal Rll = 2 kn 2 V 

Note 1: The oscillator frequency can be changed for other TV standards by an appropriate value of CI4-16. 
Note 2: Adjustable with RI2-15. 
Not. 3: The control error is the remaining error in reference to the nominal phase position between leading edge of the sync pulse and the middle 
of the flyback pulse caused by a variation in delay of the line output stage. 

.Note 4: This phase relation assumes a luminance delay line with a delay of 500 ns between the input of the sync separator and the drive to the 
picture tube. If the sync separator is inserted after the luminance delay line or if there is no delay line at all (black-and-white sets), then the phase 
relation is achieved by C5-16 = 560 pF. 
Not. 5: The adjustment of the overall phase relation and consequently the leading edge of the output pulse at pin "2 occurs automatically by the 
control loop II or by applying a dc voltage to pin 3. 
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~National . 
~ Semiconductor 

TV Circuits 

TBA950·2 Television Signal Processing Circuit 
General Description 

The TBA950-2 is a monolithic integrated circuit for 
pulse separation arid line synchronization in TV receivers 
with transistor output stages. 

The TBA950 comprises the sync separator with noise 
suppression, the frame pulse integrator, the phase com
parator, a switching stage for automatic changeover of 

Connection and Block Diagrams 
Dual-In-Line Package 

,I I" 

noise immunity, the line oscillator with frequency range 
limiter, a phase control circuit and the output stage. 

It delivers prepared frame sync pulses for triggering the 
frame oscillator. The phase comparator may be switched 
for video recording operation. Due to the large scale of 
integration, few external components are needed. 

'v LINE FREQUENCY PRESET 

LINE DIP DRIVE 

vee 
PHASE COMPARATOR 4 TBA!50..2 

TIME CONSTANT 

SYNC SEPARATOR I/P 

COMPOSITE SYNC O/P 

FRAME SYNC O/P 

TOP VIEW 

2Om'---t4 

13 LINE fREQUENCY CAPACITOR 

12 PHASE CONTROL CAPAClloR 

11 
PHASE PRESET 

10 LlNEFLYBACKPULSEI/P 

TIME CIlNSTANTSWITCH D/P 

SWITCH DELAY CAPACITOR 

Ouai-in-Lfn. Package, Ord.r Number TBA950-2 
Se. NS Package N14A 

Quad-in-Line Package, Order Number TBA950-2Q 
See NS Package N14C 

>150--1 r- I FRAME -.fL.JL PULSES. 

, 
~'IIF __ '-3 ____________ -[==~ ______________ 24V 

O.llllF 

r----------
1 ~--~~~ 

SVNCSEPARATOR 
WITHNQlSE 

SUPPRESION 

FRAME 
PULSE 

INTEGRATOR 

Uk 1 

VIDEO 
INPUT SIGNAL 

1 
1 
1 
I 
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Absolute Maximum Ratings 
All voltages are referred to pin 1 

13, Supply Current (Figure 6) 
IS, Input Current 
V5, Input Voltage 
12, Output Current 
V2, Output Voltage 
la, Switch-Over Current for Video Recording 
110, Flyback Peak Pulse Current 
Vll, Phase Correction Voltage 
T A, Ambient Temperature 

45mA 
2mA 
-6V 

22mA 
12V 

5mA 
5mA 

Oto V3 
60°C 

Recommended Operating Conditions 
(For operating circuits Figures 4 and 5) 

15, Input Current During Sync Pulse 
VIN pop, Composite Video Input Signal 
110, Input Current During Line Flyback Pulse 
la, Switch-Over Current 
td, Time Difference Between the Output Pulse 

at Pin 2 and the Line Flyback Pulse at 10 
13, Current Consumption (Figure 6) 
T A. Ambient Operating Temperature Range 

>5jlA 
3 (1 t06)V 

0.2 t02mA 
>2mA 

<20jls 
$45mA 

O°C to +60°C 

Electrical Characteristics TA = 25°C, fo = 15,625 Hz in the test circuit Figure 2 (Note 1) 

SYMBOL CHARACTERISTIC CONDITIONS MIN TYP MAX UNITS 

V7 Amplitude of the Frame Pulse 

t7 Frame Pulse Durations 

ROUT 7 Output Resistance at Pin 7 

(High State) 

t2 Output Pulse Duration Typical Ranges 

V2 Res Residual Output Voltage 12 = 20 mA 

>8 

>150 

7.5 10 

25 

<0.55 

13 

28 

V 

JJs 

kn 

JJs 

V 

fo Oscillator Frequency C13/1 = 10 nF, R14/1 = 10.5 kn 14063 15625 17187 

1000 

1000 

Hz 

Hz 

Hz 

±AfF Frequency Pull-In Range 400 

'±AfH Frequency Holding Range Typical Ranges 400 

dfo/dtd Slope of Phase Comparator 2 kHz/JJs 

Control Loop 

dtd/dtp Gain of Phase Control 20 

tp Phase Shift Between Leading Typical Range 0 3.5 

Edge of Composite Video 

Signal and Line Flyback Pulse 

(Note 2) Adjustable by Vll 

Note 1: By modification of the frequency-determining network at pins 13 and 14, these ICs can also be used for other line frequencies. 

Note 2: The limited flyback pulse should overlap the video signal sync pulse on both edges. 

Functional Description 

The sync separator separates the synchronizing pulses 
from the composite video signal. The noise inverter 
circuit, which needs no external components, in con· 
nection with an integrating and differentiating network 
frees the synchronizing signal from distortion and noise. 

The frame sync pulse is obtained by multiple integration 
and limitation of the synchronizing signal, and is avail
able at pin 7. The RC network, hitherto required between 
sync separator and frame oscillator is no longer needed. 
Since the frame sync pulse duration at pin 7 is subject 
to production spreads, it is recommended to use the 
leading edge of this pulse for triggering. 

The frequency of the line oscillator is determined by a 
10 nF polystyrene capacitor at pin 13 which is charged 
and discharged:periodically by 2 internal current sou'rces. 
The external resistor at pin 14 defines the charging 
current and consequently in conjunction with'the oscil
lator capacitor the line frequency. 
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The phase comparator compares the sawtooth voltage of 
the oscillator with the line sync pulses. Simultaneously, 
an AFC voltage is generated which influences the oscil
lator frequency. A frequency range limiter restricts the 
frequency holdin,g range. 

The oscillator sawtooth voltage, which is in a fixed ratio 
to the line sync pulses, is compared with the fly back 
pulse in the phase control circuit, in this way compen
sating all drift of delay times in driver and line output 
stage. The correct phase position and hence the hori
zontal position of the picture can be adjusted by the 
10 kn potentiometer connected to pin 11. Within the 
adjustable range the output pulse duration (pin 2) is 
constant. Any larger displacements of the picture, 
e.g., due to non-symmetrical picture tube, should not 
be corrected by the phase potentiometer, since in all 
cases the flyback pulse must overlap the sync pulse on 
both edges (Figure 3). 
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Functional Description (Continued) 

The switching stage has an auxiliary function. When the 
2 signals supplied by the sync separator and the phase 
control circuit, respectively, are in synchronism, a 
saturated transistor is in parallel with the integrated 
2 kQ resistor at pin 9. Thus the time constant of the 
filter network at pin 4 increases and consequently 
reduces the pull·in range of the phase comparator cir· 
cuit for the synchronized state to approximately 50 Hz. 
This arrangement ensures disturbance·free operation. 

For video recording operation, this automatic switch over 
can be blocked by a positive current fed into pin B, 
e.g., via a resistor connected to pin 3. It may also be use· 
ful to connect a resistor of about 6BO Q or 1 kQ between 
pin 9 and earth. The capacitor at pin 4 may be lowered, 
e.g., to 0.1 (.IF. These alterations do not significantly 

influence the normal operation of the IC and thus do 
not need to be switched. 

The output stage delivers at pin 2 output pulses of 
duration and polarity suitable for driving the line driver 
stage. If the supply voltage goes down (e.g., by switching 
offthe mains) a built·in protection circuit ensures defined 
line frequency pulses down to V3 = 4V and shuts off 
when V3 falls below 4V, thus preventing pulses of 
undefined duration and frequency. Conversely, if the 
supply voltage rises, pulses defined in duration and fre
quency will appear at the output pin· as soon as V3 
reaches 4.5V. In the range between V3 = 4.5V and full 
supply the shape and frequency of the output pulses are 
practically constant. 

.;;.1 1--"-----1 

0.33.' .,;-

6.8'~ 
VIDEO INPUT 
SIGNAL VIN 

FLYBACK I PULSE 0 

-, 
VIDEO SIGNAL VIN 

I 
'2 j-- -, 

VI2 1 j 
'2 

L DUTPUT 
PULSE 

TBA95D 
0 -, 
FIGURE 3. Phase Relationships 

2Dm'=rrl 
150J,lS r fRAME 

JLJLPULSES 

O.47J1F 

RS 

TBA95D 

LINE flVBACK 
PULSES 
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*Input circuitry must be optimized 

FIGURE 4. Operating Circuit (Thyristor Output Stage) 
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~ Functional Description (Continued) 

~ m 
I-

O.33"F~ 

6.Bk~ 

VIDEO INPUT 
SIGNAL VIN 

20 m'---t--I 
>150",-1 r- I FRAME 

~PULSES 

RS 

TBA950 

LINE Fl YBACK 
PULSES 
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*Input circuitry must be optimized 

FIGURE 5. Another Possibility for Line 
Frequency Adjustment (Transistor Output Stage) 
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~National 
~ Semiconductor 

TV Circuits 

TBA970 Television Video Amplifier 
General Description 
The TBA970 is a monolithic video amplifierfor television 
receivers. The circuitry includes a video preamplifier, 
DC contrast control utilizing a linear potentiometer 
which can be ganged to the chroma gain control. beam 
current limiting via contrast. Beam current limiting 
could be obtained with either positive or negative con
trol Voltage. Black level control is achieved by a clamped 
feedback circuit combined with the brightness control. 
Emitter follower output could be used to directly drive 
the video output stage. A separate NPN transistor (Q40) 
is provided on the chip. 

Connection Diagram 
Dual-In-Line Package 

VIDEO OUT 

V+ 

VIDEO IN 

Q40 COLLECTOR 

Q40 BASE 

Q40 EMiTTER 

CONTRAST 
CONTROL 

BEAM CURRENT 
FEEDBACK IN 

Block Diagram 

VIDEO 
iNPUT 

TOP VIEW 

16 GND 

15 BLACK LEVEL 

14 
FEEDBACK IN 

DECOUPLE 

BLACK LEVEL 
STORAGE 

lZ BRIGHTNESS 
CONTROL 

11 KEYING 
INZ 

10 KEYING 
iN 1 

BEAM 
CURRENT 
CONTROL 

Features 
• DC contrast control 

• DC brightness control 

• Black level clamping 

• Beam current limiting 

• Low impedance output 

Dual-in-Line Package. Order Number TBA97D 
See NS Package N16A 

Quad-in-Line Package, Order Number TBA970Q 
Se. NS Package N16C 

SUPPL Y 

o 
~------------------~~O~~~~T 

BLACK 
LEVEL 
UNIT 

BLACK 
LEVEL 
GATE 

BLACK LEVEL 
FEEDBACK iN 

CONTRAST BEAM BEAM 
CONTROL CURRENT CURRENT 

FEEDBACK iN CONTROL 

DECOUPLE BRIGHTNESS BLACK 
CONTRO L LEVEL 

STORAGE 
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Absolute Maximum Ratings 
SupplV Voltage 15.5V VCES040 
Internal Power Dissipation 750mW Operating Temperature Range 
Collector Current 040 10mA Storage Temperature Range 
Power Dissipation Q40 20mW Lead Temperature (Soldering, 10 seconds) 
VCEO,040 13.2V 

Electrical Characteristics T A = 25°C, v+ = 15V, See Test Circuit, unless otherwise specified 

SYMBOL PARAMETER 

12 Supply Current 

V3 p.p Peak-to· Peak Input Voltage 

R3 I nput Resistance 

Voltage Gain 

3.0 dB Bandwidth 

6.0 dB Bandwidth 

Linearity of Black·to-White Video 

Output Signal 

V15 Low Black Level Voltage 

V15 High Black Level Voltage 

Contrast Control Range 

R12 Input Resistance for Brightness 

Control 

~V15 Change of Black Level 

VB,V9 DC Voltage for Beam Current 

Limiting Inputs 

Separate Transistor Q40 Gain 

Note 1: No input signal and at minimum brightness. 
Note 2: With negative-going synchronizing pulse. 

CONDITIONS MIN TYP 

(Note 1) 27 

(Note 2) 

12 

2.4 

6.0 

9.0 

0.9 

3.0 

1.5V::;; V7 ::;;4.5V 36 

200 

(Note 3) 

(Note 4) 2.0 

IC= 14 = 1.0 mA 40 

15.5V 
-20·C to +45·C 

-55·C to +125·C 
260·C 

MAX UNITS 

36 mA 

1.6 Vp-p 

kn 

MHz 

MHz 

0.2 V 

V 

dB 

kn 

20 mV 

V 

Note 3: With constant brightness setting, due to change of picture content, contrast control setting and change in ambient temperature (AT A = 
20· Cl; black level clamping with to = II's, 11 0 ~ 0.25 rnA, VII :0; 0.3V. 
Note 4: Beam current limiting occurs at VB;;:::' V9. 

Test Circuit .-----1>-------------.-o15V 
'2k 
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~National 
~ Semiconductor 
TBA990 Color Demodulator 
General Description 
The TBA990 is an integrated color demodulator circuit 
for color television receivers incorporating two active 
synchronous demodulators for the R-V and B-V chrom
inance signals, a matrix (producing the G-V col()r 
difference signal). PAL phase switch and flip-flop_ It is 

Connection Diagram 

TV Circuits 

suitable for dc coupled drive to the picture tube when 
associated with the matrix integrated circuit (TBA530) 
and R-G-B output stages_ Special attention has been 
given in the design to minimizing dc level drift with 
temperature_ 

Dual-In-Line Package 

Typical Application 

IDENTIFICATION INPUT 

R-V sua·CARRIER 2 
REFERENCE INPUT 
PAL SQUARE WAVE J 

OUTPUT 17.8 kHz} 

R-V SIGNAL OUTPUT 

G-V SIGNAL OUTPUT 

112V) POSITIVE SUPPLY 

a-v SIGNAL OUTPUT 

B-V SUB·CARRIER 8 
REFERENCE INPUT 

TOP VIEW 

16 
GND 

15 
Nt 

14 LINE PULSE INPUT 
IF lIP·FLOP SYNCHRONIZING) 

13 R-V CHROMINANCE 
INPUT SIGNAL 

12 R-Y DC lEVEL SETTING 

11 G-V DC LEVEL SETIING 

10 8-V CHRDMINANCE 
INPUT SIGNAL 

9 a-v DC lEVEL SETTING 

Dual-In-Line Package, Order Number TBA990 
See NS Package N16A 

Quad-In-Line Package, Order Number TBA990Q 
See NS Package N16C 

Ace VOLTAGE +-..-____ .;:IO:;;;.N;..;T __ L"-'-r--.----, 

3JOnF 
lonF;J;' 

.---____ + ~~FL:E~.NtE 56
P
F;J;" 1 

H/Z 
SnUAREWAVE 

8 4t---.----+ 

TBA540 

UNDELAVED 10nF .... __ ~--' 
SIGNAL I o • . 

DUD 

HEF(S-VI 

OUTPUTS 

56 PF;J;' 

.-+-f---...-----,---t-O+12V 

Z2D 

DVV'-
FLIP-FlOP SYNC 
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Pin Function Description 

1. Identification bias. The PAL flip-flop is stopped, for 
identification purposes, when the voltage on pi!) 1 in· 
creases above 6V. This threshold is internally generated 
and has a porportional behavior with the 12V supply 
voltage. The threshold level of 6V is chosen to match the 
output characteristic of the TBA540 and has a suffi
ciently high safety margin above the zero chroma signal 
level of 4V to eliminate spurious identifying. 

2. R-Y subcarrier reference input. A 1Vp-p signal is 
required via a dc blocking capacitor. Under no cir
cumstances should this signal be less than 0.5 Vp·p. The 
input resistance at this pin is typically 5 kn. 

3. PAL square wave output. The amplitude is 3Vp·p 
from an emitter follower. No external load resistor is 
rl:lquirt:'ll..i. 

4. R-Y signal output (G-Y at pin 5 and B-Y at pin 7). 
These outputs require no external dc loads except that 
direct connection must be made via the low pass filters 
to the appropriate pins on the R-G-B matrix TBA530. 
In a complete circuit using the TBA530 and video output 
stages the dc levels of these outputs will be adjusted to 
give the correct setting of the picture tube drive black 
levels. The changes in dc level with supply voltage are 
proportional and track together. 

The unwanted products of demodulation occurring in 
the color difference outputs are chiefly 8.86 MHz and 
harmonics together with a small amount of 4.43 MHz 
due to' possible unbalance in the demodulators. To 
avoid possible troubles in the receiver because of radia· 
tion of these demodulation products from the R·G-B 
drive circuits, low-pass filters must be employed in each 
of the color difference outputs. The filters shown have 
a -3 dB bandwidth of 1 MHz, adequate attenuation of 
the 8.8 MHz component, and sufficient attenuation of 
the 4.4 MHz component to give less than 4 Vp-p ampli
tude at the pi,ctu re tube cathodes. 

5. G: Y signal output (see pin 4). 

6. Positive supply. The maximum allowable voltage on 
this pin is 13.2V. 

11-71 

7. B-Y signal output (see pin 4). 

8. B-Y subcarrier reference input. The requirements here 
are identical with those for pin 2. 

9. DC level setting for B-Y output signal. This is a 
"common adjustment" which controls all three output 
dc levels together. 

10. Chrominance B-Y input signal. An input signal of 
approximately 360 mVp·p (color bars) is required at 
this pin. The input resistance is greater than 800n and 
the input capacitance is less than 10 pF. The spread in 
gain of the internal circuitry in the chrominance channel 
is ±10% maximum. 

11: DC level setting for G-Y output signal. This adjusts 
the G-Y output dc level relative to the B-Y dc level. 

12. DC level setting for R-Y output signal. This adjusts 
the R-Y output dc level relative to the B-Y dc level. 

13. Chrominance R-Y input signal_ An input signal of 
approximately 500 mVp-p (color bars) is required at 
this pin. The input impedance and spread in gain is the 
same as for pin 9. 

14. Line pulse input (flip-flop synchronizing). A wave
form derived from the line time base can be used for 
synchronizing providing that its amplitude I ies between 
2V and 5Vp-p. The trigger point occurs where the 
negative-going edge crosses approximately +0.6V. Prior 
to this sufficient current must be supplied to pin 14 to 
turn the input transistor fully on. 

15. N.C. This pin should not be used for external 
connections. 

16. Negative supply (earth). 



~National 
~ Semiconductor 
TDA440 Video I F Amplifier 
General Description 
The integrated circuit has the following functions 
incorporated: 3 symmetrical I F (broad band) amplifier 
with first and second regulated stages, controlled color 
carrier demodulator; video post-amplifier with low pass 
response and output independent of supply fluctuations; 
gated AGC section for the I F amplifier; delayed regulated 
output voltage for the tuner pre-stage_ 

Features 

• High gain - high stability 

• Constant input impedance indepedent of AGC 

• Poor noise increase due to AGC action 

• Negative video signal hardly affected by supply 
voltage variations 

Connection and Block Diagrams 
Dual-In-Line Package 

IFINPUTI 1 

DC FEEDBACK 2 2 

GNO] J 

REGULATING 4 
VOLTAGE FILTER 

TUNER 5 
AGCDRIVE 

TUNERAGC 6 
DELAY CONTROL 

GATING PULSE 

PARALLEL CIRCUIT B 
38.9MHl 

TOP VIEW 

16 IF INPUT 

15 DC FEEDBACK 

14 :L\~l:J:l~~ ~~ABILIZED 
13 TOGV) 

Vee 

12 VIDEO OUTPUT POSITIVE 

11 VIDEO OUTPUT NEGATIVE 

10 WHITE LEVEL ADJUST 

9 PARAllel CIRCUIT 
lI.9MHl 

.TV Circuits 

• Minimum RF breakthrough to video outputs 

• Fast AGC action - gating largely independent of 
pulse shape and ampl itude 

• Very low intermodulation products 

• Minimum differential error 
• Positive as well as negative video signal available from 

low impedance outputs 

• Integrated temperature compensating circuit 

• DC output component adjustable (peak white) 

Applications 
• Video IF amplifier for color and monochrome 

television receivers 
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Duai-in-Line Package, Order Number TDA440 
Se. NS Package N16A 

Quad-in-Line Package, Order Number TDA440Q 
Sae NS Packag. N16C 

VIDEO OUTPUTS 

11 

-wT 
GATING PULSE 



Absolute Maximum Ratings 
Vs. Supply Voltage Range (Pin 13) 
IS. Supply Current of Low Voltage Stabilizer (Pin 14) 
Va. Open Loop Voltage (Pin 5) 
Video DC Output Current 

10. Positive (Pin 12) 
10. Positive (Pin 12) 
10. Negative (Pin 11) 
10. Negative (Pin 11) 

VW. White Level Control (RW) (Pin 10) 

10 to 15V 
SOmA 

15V 

5mA 
30mA 
5mA 

30mA 
-1 to +3V 

VEXT. External Voltage (Pin 4) 
Power Dissipation 

PTOT. TA:::: 55°'C 
TJ. Junction Temperature 
T A. Ambient Temperature Range 
tSTG. Storage Temperature Range 

Thermal Resistance 

RthJA. Junction Ambient 

3.2V 

700mW 
125°C 

-25°C to +70°C 
-25°C to +125°C 

100°CIW Max 

Electrical Characteristics Vs = 12V. T A = 25°C, Reference point pin 3 unless otherwise specified 

PARAMETER 

Vs Supply Voltage 

IS Supply Current 

Vs Supply Voltage 

Vo Negative Video DC Output 

Voltage 

Va With White Level Adjustable 

Va Peak Black Clamping Level for 

Negative Video DC Output 

Voltage 

10 Output DC Current 

Ref~rence Point 

Va Positive Video DC Output 

Voltage 

10 Available Tuner Control Current 

10 dB after Onset of Tuner 

Control Action (Note 1) 

Vi Negative Gating Pulse 

-Vq Composite Video Output Level 

aA(I F) AGC Range 

BVIDEO Video Bandwidth 

.6.vVIDEO Video Frequency Response Change 

vi Symmetrieallnput Voltage 

Maximum IF Voltage Level 

Present at Video Outputs Over 

the Full AGe Range 

Sound IF Voltage Level Present 

at Video Outputs with Selective 

Circuit 

Differential Gain of Negative 

Camp. Video Output Signal, for 

Full Black to White Swing 

aiM Suppression of Sound Carrierl 
Color Subcarri.r IP 11.07 MHz) 

with Respect to Color Subcarrier 

Level 

Ri 

Ci 

Ri 

Ci 

Picture Carrier 

I F Color Subcarrier Level 

I F Sound Carrier Level , 
Input Impedance 

Reference Point 

AUF) Max 

A(IF) Min 

Note 1: an request;:: 7 rnA 

CONDITIONS 

Pin 13 

Pin 13 

Pin 14. IS = 40 mA 

Pin 11 

Pins 10 and 11, RW::: 00 

RW=O 

I-'In 11 

Pins 11 and 13 

Pin 12 

Pin 5 

Pin 7 

Pin 11 

Va = 5.5V 

Va = 6.4V 

aVVIOEO = -3 dB 

AAIIF) = 50dB. BVIDEO=0-5MHz 

'Pins 1-16. -Vq = 3.3 VSS (Pin 111 

Pinslland12 

f= 38.9 MHz 

f = 77.8 MHz (2. Harm) 

Pin 12. f = 5.5 MHz. BTITT = 30 dB 

Pin 16 

Pin 1 

Pin 1 
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MIN 

10 

15 

5.5 

6.5 

I.,,,, 

3 

1.5 

50 

8 

100 

30 

40 

TYP 

12 

19 

5.8 

5.5 

.. -

3.2 

5.6 

4.5 

3 

3.3 

4.2 

56 

10 

1.0 

150 

o 
-6 

-24 

1.4 

2 
1.4 

1.9 

MAX UNITS 

15 V 

25 mA 

6.4 V 

V 

4.8 V 

V 

"'" \I 

mA 

V 

mA 

5 VSS 

VSS 

VSS 

dB 

MHz 

2.0 dB 

220 fJ.V 

30 mV 

50 mV 

mV 

15 % 

dB 

dB 

dB 

dB 

k!l. 

pF 

k!l. 

pF 

l1li 
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Test Circuit 

Vi 

.J;..J;. 
4.7 nF Z5pF 

3.lnF 

14 

1:1 

1 

Vs 

13 

TDA44D 

VIDED DUTPUTS 

'NEGATIVE' 

11 

Note. Supply voltage must be disconnected before inserting the integrated circuit in the socket. 

Typical Application 

Improved Tank Circuit to Reduce Audio Interference and Chroma Beat 

47pF ll.9 MH, 

C = Parasitic capacitance at pins 
8 and 9 should be kept minimum 

Cs = 6-10 pF·· series capacitance 

to = 38.9-0.8-2.75) MHz ..... erie. 
resonance frequency 

RS = 1.8-3.3 kn - series resonance 
damping determine the tuning 
characteristics 

2ZpF 

i.e., RS = 2.4 kn tuning range, t = 3 MHz 
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~Nat1onal . 
~ Semiconductor. 

TV Circuits 

TDA2522/TDA2523 Color Demodulation Combinations 
General Description 

The TDA2522/TDA2523 are integrated synchronous 
demodulator combinations for colour television receivers 
incorporating the following features. 

Features 
• 8.B MHz oscillator followed by a divider giving two 

4.4 MHz signal,s used as reference signals 

• Keyed burst phase comparison lor optimum noise 
behavior 

Connection Diagram 
Dual·ln-Line Package 

• Y OUTPUT 

G-Yout'UT 

... y OUTPUT 

••• 
I·YCHII.AI'" 

R·yeMR_A'" ' 

OK LDOI,IITU' 

ole lOOPflLfER I 

I.'Vtlw 

11 IIUIR DUA' 
upAcnDI 

" IAloeurU fUlSI 

1. Ace CAP"CITOR 121 

IJ ACCDIP 

12 ACCC .... CITOIIIIII 

tI SWPLY 

II Ost '.1' 

t OK •••• 

• ACC detector and.amplifier 

• A color killer 
• Two synchronous demodulators for the (B·Y) and 

(R·Y) signals 

• Temperature compensated emitter follower outputs 

• PAL switch and PAL flip· flop with internal identifi· 
cation 

• Integrated capacitors in the symmetrical demodu· 
lators reduce unwanted carrier'signals at the outputs 

Dual-In-Line Peckege. Order Number TDA2522 
S .. NS Peekege NIIA 

Qued-In-Llnt! Package. Order Number TDA2622Q 
S .. NS Peekege Nl&C 

Dual-In-Line Package. Ordar Numbar TDA2623 
S .. NS Package NIIA 

Quad-In-Line P.ckage. Order Number TDA2523Q 
S .. NS Pe.kage Nl&C 

Block Diagram 
~--------------------------------------, 

C~::~~~~~~ ________________________ -1~ ______ ~ 

CMI=~·f:'~~ ...::t--+-------------------+.., 

" 
'URlT GATIIIC AlIa 
ILAII.'IIGPULII 

" 
11 

ACe 

NOTE: The outputs of the TDA2522 are -IB-YI. - (R-Y) and -(G-Y). 
The outputs of the TDA2523 are (B-VI. (R-Y) and (G-Y). 
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Absolute Maximum Ratings 

Vl1-4. Supply Voltage 14V 
"TOT. Total Power Dissipation (Note 3) 600mW 
TSTG. Storage Temperature -20o e to +125°e 
T A. bperating Ambient Temperature -20°C to +60°C 

Electrical Characteristics Vl1-4 = 12V. TA = 25°C 

PARAMETER MIN TYP MAX UNITS 

Supply Current 40 mA 

Demodulator Section 

VI-4 
Ratio of Demodulator Signals 

B-Y/R-Y. it3~4 1.78 

V2·-4 
G·Y/R·Y -- (Note I) 0.85 • V3-4" 

V2-4 
G·Y/R·Y. V3-4 (Note 2) 0.17 

Color Difference Output Signals. Peak·to·Peak 

Values 

R·Y. V3-4 (p.p) 2.40 V 
G·Y. V2-4 (p.p) 1.35 V 
B·Y. VI-4 (p.p) 3.00 V 

Impedance of Color Difference Signal Outputs 

IZ3-41 250 n 
IZ2-41 250 n 
IZI-41 250 n 

H/2 Ripple at R·Y Output (Peak·to·Peak Value) 10 mV 

V15-4 Burst Keying Pulse (Positive·Going) 1.5 V 
Chrominance Input Signal (Including Burst) 

Peak·to·Peak Value 

R·Y. V6-4 500 mV 
B·Y. V5-4 350 mV 

Reference Section 

Phase Difference Between Reference Burst Signals -5 5 Oeg. 

for ±4oo liz Deviation of Crystal Frequency 

Holding Range with Typical Crvstal ±500 Hz 
V12-4 ACC Reference Voltage 7 V 

ACC Voltage with 0.5V Peak·to·Peak Burst 

V14··4 At Correct Phase 5.5 V 
V14-4 With Zero Burst 7.0 V 
V13-4 ACC Amplifier Output with 0.5V Peak·to·Peak 1.5 V 

Burst of Correct Phase 

RG-F Oscillator Input Resistance 270 n 
RH-F Oscillator Output Resistance 200 !l 

Not. 1: The demodulators a" droven bv • ch,ominance ,ignal 01 equal amplitude 10' the IR· YI and the lB· YI components. The pheae of the 
IR'YI ch'ominanee 'iona'equ.', the ph .. o of the IR·YI reference ,ignal. The ...... holds fo, tho IB·YI ,ional,. 
Note2: AI under note 1. but tho ph ... of tho (R·YI ,of.,oneo IOgn.' ,eversed. 
Note 3: Fo, operation in amtHent temperltures above 25°C. the device must be derated baled on a 15CtC maximum iunction temperatura and. 
thermal ,"iltanca 01 175" CIW junction to ombiont. 

11-77 



'?A National 
~ Semiconductor 

TV Circuits 

TDA2530 R·G·B Matrix Preamplifier With Clamps 

General Description 

The TDA2530 is an integrated R-G-8 matrix preamplifier 
for color television receivers, incorporating a matrix pre
amplifier for R-G-8 cathode drive of the picture tube 
with 'clamping circuits. The TDA2530 has a base driver 
amplifier. Also, each channel follows an identical layout 
to ensure equal frequency behavior of the 3 channels. 

Connection Diagram 

This integrated circuit has been designed to be driven 
from the TDA2522 synchronous demodulator and 
oscillator integrated circuit. 
The device is also available in a zig-zag quad-in-line 
package, this version being denoted by the suffix Q, 
i.e., TDA2530Q. 

Dual-In-Line Package 

Reference Data 

LUMA SIGNAL liP ..1 

-(R·Y) INPUT 2. 

RED DRIVE ADJUST-l 

-(G·Y) INPUT...! 

GREEN DRIVE ADJUST...!. 

-(B·Y) INPUT..!. 

BLUE DRIVE ADJUST.J. 

CLAMP PULSE liP...! 

v 

TOP VIEW 

tl!- GND . 

~ RED SIGNAL FEEDBACK 

r!!- RED O/P 

r!!- GREEN SIGNAL FEEDBACK 

~GREEN DIP 

r!.!. BLUE SIGNAL FEEDBACK 

f!. BLUE DIP 

~SUPPLY 

Dual-'n-Line Package, Order Number TDA2530 
- See NS Package N16A 

. Quad-'n-Line Packege, Order Number TDA2530Q 
See NS Package N16C 

Supply Voltage (Nominal) 
Operating Ambient Temperature Range 
Gain of Luminance and Color-Difference 
Channels (Typical) 
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12V 
-25°C to +60°C 

100 



Absolute Maximum Ratings 

Supply Voltage (V8-6 Maximum) 
Storage Temperature, TSTG 
Operating Ambient Temperature, T A 

13.2V 
-25°C to +125°C 
-25°C to +60°C 

Electrical Characteristics VS-6 = 12V, Vl-16 = 1.5V, TA = 25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Gain of Color Channels (S·Y; G·Y; R·Y) G2-16 100 

at f = 0.5 MHz (Note 1) G4-16 100 
G6-16 100 

R~tio of Gain of Luminance Amolifier to 0.9 1.1 

Color Amplifiers 

Input Resistance of Color Difference R2-6 100 kn 
Amplifiers at f = 1 kHz R3-6 100 kn 

R4-6 100 kn 

Input Resistance of Luminance Amplifier R5-6 100 kn 

at f = 1 kHz 

N.ota 1: G is defined as the voltage ,ratio between the input signals at the pins 2,4 and 6 and the output signals' at the collectors of the outputtrans~ 
istors. 

Pin Function Description 

1. Luminance signal input. A 1 V black to white posi· 
tive'going luminance input signal is required. Blanking 
level should-be at 1.5V and black level at 1.7V. 

2. -(R.y) input signal. The input signal is required to 
be AC coupled from a low impedance source such as 
the TDA2522. The coupling capacitor also acts as a 
clamp capacitor for the TDA2530 red output. As the 
color difference input impedance is at least 100 kn, 
low value coupling capacitors may be used. 

3. Red drive adjustment. A gain variation of the red 
channel of at least ±3 dB about the typical, is obtained 
as the DC potential at this pin is varied by ±5V about 
the typical of 5V. If no connection is made to a gain 
controlling pin the channel concerned assumes the 
typical gain. 

4. -(G·Y) input signal (see pin 2). 

5. Green drive adjustment (see pin 3). 

6. -(B-Y) input signal (see pin 2). 

7. Blue drive adjustment (see pin 3). 

8. Clamp pulse input. A positive-going line pulse input 
is required and the pulse should exceed a threshold DC 
level set by the TDA2530 of 7V. An input current of 
about 1 mA is required. 
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9. Positive 12V supply. 

10. Blue signal output. The TDA2530 blue signal out
put has polarity appropriate for base drive of typical 
video output stages. 

11. Blue signal feedback. The signal gain of both the 
video output stages and IC amplifier are stabilized by 
the feedback circuits. DC clamping is achieved by 
sampling of the feedback level during blanking. The 
black level potentials at the collectors of the video 
output stages may be varied independently by adjustable 
DC current sources applied to the feedback input pins. 
The DC levels at these pins are such that the feedback 
resistor and a resistor network between the 12V supply 
and earth provide a potential of 6V during blanking. 

12. Green signal output (see pin 10). 

-13. Green signal feedback (see pin 11). 

14. Red signal output (see pin 10). 

15. Red signal feedback (see pin 11). 

16. Negative supply (earth). 



Application Information (Iperipheral Circuitry) 

laDy 

12. ...------------i-i-<lBLUE 

FROM 
TDAZ522 

.,. 
12k 

I 11 

• 10 
R·YIN t , 
G·YIN 4 11 
I·YIN 6 TDA2530 13 

! 12 

15 

14 

r-+~-t_",-o12. 

3X 10k 

22pF 

L------.... ~f_--+-C=I-..... --t_-..... >_1r<~-+_+_<lGAEEN 

'-_______ .I(A~e:O~t:~~~NII-------------~f---+--<lAED 

NOb 1: Attention should be given to earth paths, avoiding common impedances betwen the input (decoder) side and the output .tage •. 
Note 2: Printed track area connected to the feedback pins should be kept to a minimum. 
Nota 3: To ensure a matched performance of the video output stages, a symmetrical layout of the 3 stages should be,employed. 
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~Nal1onal 
~ Semiconductor 

TV Circuits 

TDA2540 Video I. F. Amplifier and Demodulator 

General Description 

The TDA2540 is an i.f. amplifier and demodulator integrated circuit for colour and black and white television receivers using 
n-p-n tuners. 

Features 

!!I! WirtA-Mnd !!ain·contmlled i. f. amolifier. 

• Synchronous demodulator. 
• Video preamplifier with white spot and noise inverters. 

• Noise gated a.g.c. 
,. a.f.c. circuit switched on/off by a dc level. 

• a.g.c. outputfor n-p-n· tuners. 

• V.C. R. switch allows insertion of VCR playback signal. 

Connection Diagram 

I/I.PUT 

DC FUIIIA" 

TIJIIUAGC 
lAlEOYlIlCUMTlIQl 

TUIEILAIlCOUTM 

"'COUTPUT 

Aft swnat 

AFCDUAOCOll 

IIUPIlItl 
TUlIEDCIRWll 

II 

" 
II 

" 

" 
rDPVIEW 

,,-
Itt UtlllACl 

... IiC TIIK Coll"Aff' 

GOO 

VlO(QOUTPUl 

+"ESU'''U' 

AfC OUAOCDll 

IIlfIlI(lfttlUI(DCIIlCUII 

Dua~ln·Line Package, Order Number TDA2540 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA2540Q 
See NS Package N16C 

Block Diagram 
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Absolute Maximum Ratings 
VII - 13 Supply Vo~.ge 
PTOT Power Dissipation 

T STG Storage Temperature 

Tamb Operating Ambient Temperatur. 

Electrical Characteristics V11-13 = 12V Tamb=25°C 

PARAMETER 

VI -16 (r.m.s.) I.F. Input Voltage for onset of A.G.C. 

V12-13 Zero Signal Output Level 

Top Sync Output Level 

V6-13 A.F.C. Output Voltage Swing for AF=100KHz 

I.F. Voltage Gain Control Range 

SIN Signal to Noise Ratio at Vl=10mV (Note 1) 

B 3dB Bandwidth of Video Amplifier 

AG Differential Gain 

A0 Differential Phase 

Carrier Signal at Video Output 

2nd Harmonic of Carrier at Video Output 

Intermodulation Ratio at 1· 5 MHz 

V6-13 A.F.C. Switch off Level 

V14-13 V.C.R. Switch off Level 

White Spot Inverter Threshold Level 

White Spot Insertion Level 

Noise Inverter Threshold Level· 

Noise Insertion Level 

14 Tuner A.G.C. Output Current Range 

V4-13 TunerA.G.C.OutputVoltage 

at I ('10mA 

14 Tuner A.G.C. Output Leakage 

current V14-13 = 3V V4-13 = 12V 

Note 1: S/N= Vout Black-to-White 

Vn (r.m.s.) at B=5MHz 
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14V 
900mW 

-55to+12SOC 

-25to+60'C 

MIN TYP MAX UNITS 

100 150 flV 

6.0 V 

2.9 3.2 V 

10 11 V 

64 dB 

58 dB 

6 MHz 

4 10 % 

2 10 Deg. 

4 30 mV 

20 30 mV 

46 dB 

2·5 V 

1·1 V 

66 V 

4·7 V 

1·8 V 

3·8 V 

0 10 mA 

0·3 V -
15 J.<A 
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~Nattonal 
~ Semiconductor 

TV Circuits 

TDA2541 Video I. F. Amplifier and Demodulator 

General Description 

The TDA2541 is an i.f. amplifier and demodulator integrated circuit for colour and black and white television receivers using 

p-n-p tuners. 

Features' 

• Wide-band gain-controlled i. f. amplifier. 

• Synchronous demodulator. 

• Video preamplifier with white spot and noise inverters. 

• Noise gated a.g.c. 

• a.f.c. circuit switched on/off by a dc level. 

• a.g.c. outputfor p-n-p tuners. 

• V.C.R. switch allows insertion of VCR playback signal. 

Connection Diagram 

I.JIflIPIn' 

DC FfEDlACI 

TUIII.AGC 
y,uUlYlflCO"TlIIl 

TUllInlGCOVTM 

Aft OUlM 

AfC. SWIlD! 

AFCOUAOCOIl. 

REfERENCE 
TIINIDCIMUIT 

fOP "E. 

" If.1I'VT 

15 DCFllDlICK 

I.C.YIIICOIISTAilT 

" GII.O 

It VlOEOOUlI'UT 

11 +IVESI/PPI.Y 

" aFCQUlOCOIL 

mE1lt:lltt-,UNfDCIIlCUIT 

Dua~ln·Line Package, Order Number TDA2541 
See NS Package N16A 

Quad-ln·Lina Package, Order NumbarTDA2541 Q 
See NS Package N16C 

Block Diagram 
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Absolute Maximum Ratings 
VII -13 Supply Vollage 14V 
PTOT Power Di.1pation 900mW 

T STG Stollge Temperature -55to+125"C 
liImb Operating Ambient Temperature -25Io+60·C 

Electrical Characteristics VII-13 = 12V Tamb=25"C 

PARAMETER MIN ,TVP MAX UNITS 

VI-16 (r,m.s.1 I.F. Input Voltage for onset of A.G.C. 100 150 "V 
Vl'-13 Zero Sillnsl Outout level 6.0 V 

Top Sync Output level 2,9 3.2 V 

V6-13 A.F.C. OutputVoltege Swingfor4F=100KHz 10 11 V 

I.F. Voltage Gain Control Range 64 dB 

SIN Signal to Noise Ratio at Vl=IOmV (Note 11 58 dB 

B 3dB Bandwidth of Video Amplifier 6 MHz 

4G Differential Gain 4 10 % 

40 Differential Phase 2 10 Deg. 

Carrier Signal at Video Output 4 30 mV 

2nd Hannonic of Carrier at Video Output 20 30 mV 

Intermodulation Ratio at l' 5 MHz 46 dB 

V6-13 A.F.C.Switchofflevel 2·5 V 

V14-13 V.C. R. Switch off level 1'1 V 

White Spot Inverter Threshold level 6'6 V 

White Spot Insertion level 4'7 V 

Noise Inverter Threshold level ,. 8 V 

Noise Insertion level 3'8 V 

14 Tuner A.G.C. Output Current Range 0 10 mA 

V4-13 Tuner A. G. C. Output Voltage 0,3 V 

atl..=10mA 

14 Tuner A.G.C. Output leakage 15 "A 

currentVI4-13= lIVV4-13= 12V 

Note 1: S/N= Vout Black·to-White 

Vn fr.m.s.) al B=5MHz 
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~National 
~ Semiconductor 

tv Circuits 

TDA2560 Luminance and Chrominance Control 
Combination 

General Description 

The TDA2560 is a monolithic integrated circuit for use 
in decoding systems of color television receivers. The 
circuit consists of a luminance and chrominance ampli· 
fier. The luminance amplifier has a low input impedance 
so that matching of the luminance delay line is very 
easy. 

Features 

• DC contrast control 
• Brightness control 

• Black level clamp 

Connection Diagram 

• Blanking 
• Additional video output with positive·going sync 

The chrominance amplifier comprises: 

• Gain controlled amolifier 

• Chrominance gain control tracked with contrast 
control 

• Separate DC saturation control 
• Combined chroma and burst output, burst signal 

amplitude not 'affected by contrast and saturation 
control 

• The delay line can directly be driven by the IC 

Dual·ln-Line' Package 

CHROMA liP (1) .l. 

CHROMA liP (2) 2. 

ACC I/P.2. 

CHROMA SAT CONTROL ~ 

GNO .1. 

CHROMA/BURST DIP...!. 

SANDCASTLE PULSE..l. 

SUPPLY...!!. 

u 

TOP VIEW 

~ DC CONTRAST CONTROL 

~ LUMA DIP (+VE SYNC) 

.!!. LUMA liP 

.!!. LUMA GAIN SET 

E. BlACK LEVEL CLAMP, 

2!.. BRIGHTNESS CONTROL 

.!!!. LUMA DIP (-VE SYNC) 

.!!.. FL YBACK BLANK 

Dual·ln·Line Package, Order Number TDA2560 
Sae NS Package N 16A 

Quad·ln·Line Package, Order Number TDA2560Q 
Sea NS Package N16C 
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Absolute Maximum Ratings , 
V8-5, Supply Voltage 14V 
TSTG, Storage Temperature -55°C to +125°C 

T A, Operating Ambient Temperature -25°C to +70°C 

Electrical Characteristics 
PARAMETER MIN TVP MAX UNITS 

VS-5 Supply Voltage Range 9 12 14 V 

IS Supply Current 46 rnA 

VS-5 (p.p) Allowable Hum on Supply Line (Peak·to·Peak Value) 100 rnA 

The following data are measured at VS = 12V, TA = 2SoC 

Luminance Amplifier 

IR(p,p) Input Current; Black·to·White Level (Peak·to·Peak Value) 0.2 rnA 

121 Input Impedance 75 n 
Gain (Pin 01. (Note 1) 

V6-S Burst Signal (Peak·to·Peak Value) 6 V 

Contrast Control Range 20 dB 

·Vll Brightness Control Range (Black Level) 1 3 V 

Black Level Stability When Changing Contrast, ±20 mV 

Video Contents and Temperature 

B Ba~dwidth (~3 dB) S MHz 

V15-5 Output Voltage (Additional; Positive·Going Sync) 3.4 V 

Peak·to·Peak Value 

V7-5 Black Level Clamp Pulse (Note 2) 6 V 

Blanking Pulse (Note 3) 

V9 At OV at the Output 2 V 

V9 At 1.5V at the Output S V 

Chrominance Amplifier 

Vl-2 (p.p) Input Signal Range (Peak·to·Peak Value) 4 SO mV 

V6-5 (p.p) Obtainable Chrominance Output Signal (Note 4) 2 

Peak·to·Peak Value 

Ratio of Burst and Chrominance at Nominal 

Contrast and Saturation, (Note 5) 

V3-5 ACC Starting Voltage (Note 6) 1.2 V 

ACC Range 30 dB 

Tracking with Contrast Control (10 dB Control) -1 1 dB 

Saturation Control Range 20 dB 

V7-5 Burst Gate Pulse (Note 2) 1.5 V 

SIN Signal to Noise R~tio at Nominal Input Voltage 50 dB 

Phase of Burst to Chrominance -5 5 Deg. 

Note.1: The gain of the luminance amplifier can be adjusted, by setting the gain of the contrast control circuit by selection of discrete resistor RG 
(see also circuits on pages xx and xx). This circuit configuration has been chosen to reduce the spread of the gain to a minimum (main cause of 
spread is now the spread of the ratio of the delay line matching resistors and the resistor RGJ. At RG = 2.7 kn the output voltage at nominal 
contrast Imaximum - 3 dB) is 3V black to white. 
Not. 2: This pin (7) is used for burst gate and black level clamping. The latter function is actuated at a 6V level. The input pulse must have such 
an amplitude that the clamping circuit is active only during the back porch of the blanking interval. The burst gate. which switches the gain of the 
chroma amplifier to maximum during the flyba'ck time. is actuated at a 1.5V level. 

Not. 3: This pin (9) is used for blanking the luminance amplifier. When the input pulse exceeds the 2V level the output signal is blanked to a 
level of about OV. When the input exceeds a 5V level, a fixed level of about 1.5V is available at the output. This level can be used for clamping 
purposes. 

Note 4: The chrominance and burst signal are both available on this pin (6). The burst signal is not affected by the contrast and saturation control 
and is kept constant by the ACC circuit of the TDA2522. The output signal amplitude is, therefore, determined by the losses in the delay line. 
At nominal contrast and saturation setting, the burst to chrominance ratio at the output is typically identical to the ratio at the input. ' 

Note 5: Nominal contrast is specified as maximum contrast -3 dB. Nominal saturation is specified as _maximum saturation -6 dB. 

Note 6: A negative-going control voltage gives a decrease in gain. 

11-88 



Block Diagram 
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~National . 
~ Semiconductor 

TV Circuits 

TDA2591/TDA2593 Line Oscillator Combination 

General Description 

ThO TDA2591 and TDA2593 afll integrated line oscillator 
circuits for color television receivers using thyristor or 
transistor line deflection output stages. 

Features 

• Line oscillator based on the threshold switching 
principle 

• Phase co,"parison between sync pulse and oscillator 
voltage 

• Phase comparison between line flyback pulse and 
~cill2tor voltage 

• Switch for changing the filter characteristic and the 
gate circuit (when used for VCRI 

• Coincidence detector 

• Sync separator 

• Noise separator 
• Vertical sync separator 
• Color burst keying and line fly back blanking pulse 

generator 

Connection Di.gram . 

Dull-In-Line P8CIc ... 

"""v..!. 
_,t..!. 

.1I1' .... ' • ..! 
...... "::::..! 

_ ... _III..!. 
.. . 

llllfLYIACI"" 

....... "" ...... ..!. 
~ ...... ~~:! 

v ~ ... 
.:ll 
~I_LA'" 
il.!._c_a, 
~'''''''_ ... _,C. 
t!!-v'cl_R~ 
tl!_ ....... , .. 
t!-Vllpll." 

Dua~ln-Une Package. o.de. N~. TDA25tl 0' TDA2693 
S •• NS Pec\<Ig8N18A 

• Phase shifter for the output pulse 
• Output pulse duration switching 

Quad-In-Un. Package. Otde. N~.TDA2591Q 0.TDA2593Q 
See NS Package N18C 

• Output stage for direct drive of thyristor deflecti·on 
circuits 

• T0A2591 for use in combination with TDA2522 & 
TDA2560 PAL decoder. 

• TDA2593 for use in combination with TDA3500 
PAL decoder. 

Reference Data 

VI-16 

I, 
PARAMETERS 

Supply Voltage 

Supply Current 

Input Sign'" 
V9-16 (p.p) 

Vl0-16 (p-p) 

Sync Separator Input Voltage (PI/ak-to-Peak Value) 

. Noise Separator Input Volt. (Pe.k-to-Peak V"lue) 

Pulse Duration Switch Input Volt. 

V4-16 

V4-16 

VII-Hi 

VB-16 (pop) 

'#7-16 (p-p) 

V3-16 (p.p) 

t "'7j.1s 

t=14j.1S+1d 

Voltage for Switching on VCR 

Output Signal. 

Vertical Sync Output Pulse (Peak-to-Peak Value) 

Burst Gating Output Pulse (Peak-to-Peak Valu.) 

Line Trigger Pulse (Peak-to-Peak Value) 
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MIN TVP 

12 . 

30 

3 

3 

8.2 
0 

9 

0 

11 

11 
10.5 

MAX 

13.2 

4.0 

12 

1.5 

UNITS 

v 
mA 

V 
V 

V 
V 

V 

V 

V 

V 

V 



Absolute Maximum Ratings 
VoIl_ 
VI-16. SYpply Vollage al Pin I (When Supplied 13.2V' 14. Pin 4 Current ImA 

by Ihe IC) .t16. Pin 6 Current 10mA 

V2': 16, Supply Vollage al Pon 2 18V 17. PIO 7 Current 10mA 

V4 -16. Pin 4 Voltage 010 13.2V '11. Pin 11 Current 2mA 

V9-16. Pon 9 Voltage -610 +tV Power Dillip8lion 
VIO--16, Pin 10 Vollage -610 <6V PTOT. Toti' Power Dissipation-CNote 61 800mW 
VII-lB. Pon 11 Vollage O1013.2V T.mp.:r.turll 
Curr.nb TSTG. Storage Temper,ature -2S"C to +12S"C 

12M. Pin 2 Current (Peak Value. 650 mA T A. Operating Ambient Temperature -2O'to+60"C 

13M. Pin 3 Current (Peak Valuel 6SO mA 

Electrical Characteristics VI-16 = 12V; TA = 25°C 

PARAMETER I MIN I TVP I MAX I UNITS 

REQUIRED INPUT SIGNALS 

Sync Separator 

V9-16- Input Switching Voltage o.s V 

'!I Input Switching Current 5 100 /lA 

'9 Input Blocking Current at V9-16 = -5V <I /lA 

Noi .. Separator 

VIO-16 Input Keying Voltage 1.0 V 

VIO-16 Input Switching Voltage 1.4 V 

',0 Input Keying Current 5 100 /lA 

',0 Input Switching Current 150 /lA 

',0 Input Blocking Current at VIO-16 = -5V <I /lA 

Line Flyback Pulle 

16 Input Current >10 /lA 

V6-16 Input Switching Voltage 0.8 V 

V6-16 Input Limiting Voltage -0,7 1.4 V 

R6-16 Input Resistance 0.4 kn 

Pul .. Duration Switch 

Fort=7/lS 

V4-16 Input Voltage S.2 13.2 V 

14 I nput Current >200 /lA 

For t = 14 /lS + td 

v4-i6 Input Voltage 0 4.0 V 

-14 Input Current >200 /lA 

For t = 0; V4-16 = 0 

V4-16 Input Voltage, (Note 11 6.0 V 

'4 Input Current (Input Openl 0 /lA 

Switching on VCR 

Vl1-16 Input Voltage, (Note 21 0 1.5 V 

Vll-16 9 13.2 V 

-111 Input Current, (Note 21 >200 /lA 

111 I 2 rnA 

DELIVERED OUTPUT SIGNALS 

Vertical Sync Pul .. (Positiv .. GoIngl 

V8-16 (p·pl Output Voltage (Peak-to-Peak V,'uel 10 11 V 

RS Ovtlltlf Resistance 2 kn 

Bunt Gating Put .. (Positivl-Goingl 

V7-16 Output Voltage (Peak-to-Peak V.'ue' 10 11 V 

R7 Output Resistance 70 n 
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Electrical Characteristics (Continuedl 

PARAMETER I MIN I TYP I MAX I UNITS 

DELIVERED OUTPUT SIGNALS (CONTINUED) 

BlInking Pulse 
V7-16 (p.p) Output Voliage (Peak-to-Peak Value) TDA 2591 3.0 V 

TDA2593 4.5 V 

R7 Output Resistance 70 n 

Line Trigger Pulse (Positive-Going) 

V3-16 (p.p) Output Voltage (Peak·to-Peak Value) 10.5 V 

13(AV) Output Current (Average Value). (Note 3) 100 mA 

R3-16 Output Resistance for Leading Edge of Line Pulse 2.5 n 

R3-16 Output Resistance for T railing Edge of Line Pulse 20 n 

Oacilhllor 

V14-16 Threshold Voltage Low Level 4.4 V 

V14-16 Threshold Voltage High Level 7.6 V 

±1'4 Discharge Current 0.47 , mA 

V15-16 Current Source Supply Volta!Jll 6.0 V 

-1,5 Current Source Supply (lurrent 0.5 mA 

Ph.e Comperison 1<p1; Sync Pulse-OIein.lor) 

V13-16 Control Voltage Range 3.B B.2 V 

tl'3M Control Current IPeak Value) 1.,9 2.1 2.3 mA 

1,3 Output Blocking Current 

At V13-16 = 4-BV 1 /loA 
Output Resistance 

At V13-16 = 4-BV. High Ohmic INote 4) 

At V 13-16 < 3.8V or > 8.2V. Low Ohmic. 

INote 51 

Time Conltlnt Switch 

V12-16 Output Voltage 6 V 

tl12 Output Current 1 mA 
Output Resistance 

R12-16 At Vl'-16 = 2.5 to 7V 0.1 kn 
R12-16 At VII-16 < 1.5V or > 9V 6d kn 

Coincidence Detector (<p3) 

Vll-16 Output Voltage 0.5 6 V 
Output Current (Peak Valuel 

111M Without Coincidence 0.1 mA 

-'11M With Coincidence 0.5 mA 

Phlse Comparison (<p2; Oacmltor-Line 

Flybec:k Pulse) 

V5-16 Control Voltage Range 5.4, 7.6 V 

tl5 Control Current (Peak Valuel I mA 
Output (Input) Resistance 

At V5-16" 5.4 to 7.6V.High Ohmic. 

INote41 

R5-16 At V5-16 < 5.4V or> 7.6V 8 kn 
Input Current at Blocked Phase'Detector 

15 V5-16=6.5V 5 /loA 

No .. 1: Cen 1110 be not connOCled. 
Note Z: When supplied bV the IC. 
No .. 3: Higher .lluli ore allowed when reducing Ptol' 
N_ 4: Currenl _rce. 
Note 15: Emilter follo_r . 
...... : For operation in ambient temperatures above 2SoC. the device mUlt be derlted blSed on I 160°C maximum junction temperature and. 
therrnII rosinl_ of 176"CIW junclion 10 Imblenl. 
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Applications Information 

PARAMETER MIN TYP MAX UNITS 

Sync Separltor 

V9-16 (p.p) Input Voltage (Without Video; Peak·to·Peak Value) 1 3 7 V 

19 Input Keying Control 100 jJA 

Noise Signal Keying 

Vl0-16 (p.p) Input Voltage (Without Video; Peak·to·Peak Value) 1 3 7 V 

110 Input Keying Current 100 jJA 

Vn(p·p) Superimposed Noise Voltage (Peak·to·Peak Value) 7 V 

Verticil Sync Pulse Separator 

tON Delay Between Leading Edge of Input and Output 12 liS 

Signal 

(OFF 
_', - - .,. ~ • • • - - ~ - _....I ...... ~_. & 

~ui~ Ul::ldY Dt:\Wt:t!fI I fdlllilly ~U~C VI tll..,U\ Gil"" ""' ... u .... u, ~. 

Signal 

VB-16 (p.p) Output Voltage (Peak·to·Peak Value) 10 11 V 

R8-16 Output Resistance 2 kn 

Otc:illator 

fo Frequency; Free Running IC14-16 = 4.7 nF. 15.625 kHz 

R15-16 = 12 k!2) 

afdfo Spread of Frequency. INote 71 <±5 % 

afdal 15 Frequency Control Sensitivity 31 HZ/IIA 

afolfo Adjustment Range of Network in Figure 1 ±1O % 

afdfo Influence of Supply Voltage on Frequency at 
5 % 

aVIVTYP. Vl-16 = 12V. INote7) 

afo Change of Frequency when Vl-16 Drops to 4V 10 % 

Phase Comparison (till; Sync Puls.-Otc:illuor) 

Control Sensitivity 2 kHZ/liS 

Spread of Control Sensitivity. (Note 71 ±10 % 

af Catching and Holding Range (82 kn) ±780 Hz 

aftf Spread of Catching and Holding Range. INote 7) ±10 % 

Phase Comparison (4)2; Otc:iIIltor·Line Flyback Pulse) 

td Permissible Delay Between Leading Edge of Output 15 liS 

Pulse and Leading Edge of Flyback Pulse 

at/atd Static Control Error <0.2 % 

Owe,aU Phase Rllation 

t Phase Relation Between Middle of Sync Pulse and 2.6 jJs 

the Middle of the Flyback Pulse 

latl Tolerance of Phase Relation 0.7 liS 

Adjustment Senlitivity, Caused By: (Note8) 

aV5-16/at Adjustment Voltage 0.1 V/jJs 

als/at Adjustment Current 30 J-IAlJ-Is 
Spread of Adjustment Current, (Note 7) <10 " Bunt Gating Pulse 

t Phase Relation Between Middle of Sync Pulse at 2.15 2.65 3.15 JJS 
the Input and the Leading Edge of the Burst 

Gating Pulse; V7-16 m 7V 

17 Bunt Glting Pulse Duration 4.0 JJS 
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Applications Information (Continued) 

PARAMETER MIN TYP MAX UNITS 

Line Trigger Pul .. 

Output Pulse Duration 

tp At V4-16> 8.2V 5.5 7' 8.5 /4 
tp At V4-16<4V 14+tcI lAS 
Vl-16 Supply Voltage for Switching Off the Output Pulse 4 V 

Internal Gating Pul .. 

tp Pulse Duration 7.5 lAS 

NOie 7: rlCelusiv ••• t.rn.1 components tolerlnces. 
NOlO': The adjustment of the ove .. U pltae relltion Ind consequently the leading edge of the output pulse occurs ... tomltiCIIly by p_ control 

.2. The vllu .. beyond this point count if additional adjust1Nnt is required. 

VERTICAL SVIII: 
, PULSE 

t1V-rI 
IV_..JL 

VIDEDI.PUT 

~I:~ 

IURST GATING AIID 
ILAllIIING PULSE 

tlV~ 
3/4.SV-

IV-

t.,F1 

VC~ I IDRTOIZJ 

PULSE DURATION 
J ... 
_-----.. +~ IPlllII 

IV 
TOLIN( 

DEFLECTION 

LINE FL "ACII 
PULSE I ....... Jl..~ .. A r-------I:==}-----~-, t.I._.~ 

,..--------------.--+tZV 
II (till 

TDA25IIITDA2513 

FIGURE 1 
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TDA3500 Chroma Processor + RGB Drive Combination 

General Description . 
The TDA3500 Is a video processor designed for full feature 
color television applications. Luminance and color differ
ence inputs are provided to be driven from the TV decoder 
circuitry, with linear RGB inputs available for the display 
of text or other on-screen information. The black levels of 
the two input modes are clamped to the same level and the 
required input mode. may be selected by a fast switching 
control pin which can enable text to be inlaid on to the 
received TV picture. Brightness and contrast controls are 
provided and operate in both signal input modes. Three 
electronic gain controls are provided for adjustment of 
RGB signals for correct white. 

The output stages produce signals suitable for driving the 
bases of the video output transistors. The feedback Inputs 
are suitable for collector feedback from these transistors. 
Most common video output stage types can be used. 

Features 
• AC coupled inputs for (R-Y), (B-Y) and Y signals 
• Linear saturation control in the color difference stages 

Connection Diagram 

• G-Y and RGB matrix 
• Linear inputs for direct RGB signals-use for teletext, 

inset picture, program status, tuning indicators, etc_ 

• Fast switching input to select between RGB inputs and 
normal TV signal. Can be used to inlay text into normal 
picture 

• Linear contrast and brightness controls operating on 
both RGB inputs and matrlxed luminance and colordlf
ference Inputs 

• Equally clamped black levels for RGB inputs and ma
trixed signals 

• Three identical signal channels for R, G, B 
• Horizontal and vertical blanking (black level or blacker 

than black) and black level clamping by means of a 
three-level sandcastle pulse 

• Three electronic gain controls for adjustment of white 
drive levels 

• Differential amplifiers with feedback inputs for feed
back from the RGB output stages 

• Gated feedback paths for stabilization of the DC levels 
at the picture tube 

Dual-In-Line Package 

GREEN OUTPUT 

GREEN FDBK 2 

ClPCAP 

BLUE OUTPUT 

BLUE FDBK 

SUPPLY 

RGB { :: 
INPUTS 

14 
r....-____ ....... 

TOP VIEW 

Order Number TDA3SOON 
See NS Package N28A 
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2B ClP CAP 

27 RED FDBK 

26 RED OUTPUT' 

21 BLUE GAIN SET 

20 BRIGHTNESS CONTROL 

19 CONTRAST CONTROL 

18 _ (B-Y) INPUT 

17 -(II-Y) INPUT 

16 SATURATION CONTROL 



Absolute Maximum Ratings 
Min Max Min Max 

Supply Voltage, Vs (Pin 6) 13.2V Vl0 OV Vs 
Operating Temperature Range, T u -20'C +60'C Vll -O.SV 3V 

Storage Temperature Range, T s -6S'C +lS0'C V12,13,14 Note 1 

Power Dissipation, ProT 1.7W 
VI6, 19, 20 OV Vs/2 
VIS,H,18 Note 1 

Voltages V21, 22, 23 OV Vs 
Vl,4,26 Vs/2 Vs+1V Current 
V2, S, 27 OV Vs 

120 SmA 
V3, 2S, 28 Note 1 
V7,8,9 Notel , 

Electrical Characteristics Vs= 12V (Note 2), TA=25'C 

Parameter Conditions Min Typ Max Units 

Is Supply Current I I 110 I I rnA 

COLOR DIFFERENCE STAGES 

\f1!3 - {8-Y} S!~~:!! !~::'!.!! f!)!' 75% Se!~!'~!ed C'c!c!' g!!!,~ I I I 1 ~~I I vr-!" 

RIB Input Impedance 100 k[l 

VIB Internal DC Clamp Voltage 4.2 V 

V17 -(R-Y) Signal Input for 7S% Saturated Color Bars 1.0S Vp-p 

R17 Input Impedance 100 k[l 

V17 internal DC Clamp Voltage 4.2 V 

SATURATION CONTROL (Pin 16) 

V16 Nominal Saturation OdB 3.0 V 
6dB 4.0 V 
-20dB 2.1 V 
> -40dB 1.B V 

116 Input Current 20 I'A 

LUMINANCE SIGNAL INPUT (Pin 15) , 
VIS 0.45 Vp-p 

R15 Input Impedance 12 k[l 

VIS Internal Bias Voltage 2.7 V 

RGB CHANNELS 

Signal Switching (Pin 11) 

VII Matrixed Y, (B·Y), (A-V) Signals Selected -0.5 0.3 V 

VII RGB Signal Inputs Selected 0.9 1.5 V 

111 Input Current -100 200 I'A 

V12,13,14 AGB Input Signal Level (Note 3) Pin 12 = B, Pin'13 = G, 1 Vp-p 
Pin 14= R 

V12,13,14 Internal DC Clamp Voltage 3.S V 

112.13.14 

, 
Input Current 5 I'A 

CONTRAST CONTROL (Pin 19) 

V19 Nominal Contrast o dB 3.4 V 
3 dB 4.0 V 
-6dB 2.7 V 
-17 dB 2.0 V 

119 Input Current 10 I'A 

BRIGHTNESS CONTROL (Pin 20) 

V20 Input Voltage Range 1 3 V 

120 Input Current 10 "A 
V20 Input Voltage for Nominal Black Level Black Level Equal to 2 V 

Output Sta'ge Clamp Level 

Range of Black Level Adjustment Referred to V201V-3V ±SO 1% 
Nominal Video Signal 
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Electrical Characteristics (Continued) VS= 12V (Note 2), TA =25"C 

Parameter 

INTERNAL SIGNAL HANDLING 

Referred to Nominal Video Signal and Black 
Level 

WHITE DRIVE ADJUSTMENT (Pin 21 = B, Pin 22 = G, Pin 23 = R) 

R21, 22, 23 

OUTPUT STAGES 

V2, 5, 27 

1!.v2, 5, 27 

R2, 5, 27 

R1, 4, 26 

11,4,26 

V2, 5, 271V15 

/N2, 5, 271V15 

V5 V27 
V18 = V17 

Nominal Gain 
Gain Reduction 

Gain Increase 

Input Impedance 

Feedback Inputs 

Voltage During Clamping 

Voltage Difference Between the Feedback 
Inputs 

Input Resistance 

Amplifier Outputs 

Integrated Load Resistance 

Peak Output Current 

Gain Between Luminance Input and the 
Feedback Inputs 

Frequency Response 

Gain Between Color Difference Inputs and the 
Feedback Inputs 

1!.v5 1!.v27 """"V1iI ="Ii1'7 Frequency Response 

V2 V5 V27 . 
V13 = V12 = V14 Gain Between the RGB Inputs and the Feed· 

back Inputs 

aV2 aV5 \Ii"3 = ~ Frequency Response 

= aV27 
V14 

SANDCASTLE DETECTOR (Pin 10) 

V10 

Three Internal Switching Levels for the 
Separation of the Sandcastle Pulse Information 

H and V Pulse (Note 5) 
H Pulse (Note 6) 
Clamp Pulse (Note 7) 
Low Level 

Input Current 

Note I: No externally applied voltages. 

Note 2: Supply voltage range (pin 6), Vs = 10.8V -13.2V. 

Conditions 

Towards White 
Towards Black 

V21, 22, 23 = 6V (Note 4) 

V21, 22, 23=OV 

V21, 22, 23 = 12V 

Pin 2(G), Pin 5(B), Pin 23(R) 

Pin l(G), Pin 4(B), Pin 26(R) 

Conductance of Error 
Amplifier 

all _ al4 _ al26 
aV2 - aV5 - aV27 

Nominal Contrast, 
Saturation and Drive 
Settings 

o MHz-5 MHz 

Nominal Contrast, 
Saturation and Drive 
Settings 

o MHz-2 MHz 

Nominal Contrast and 
Drive Settings 

a MHz-5 MHz 

Proportional to V s 

I Min I Typ I Max I Units 

20 

5.79 

100 

-5 

2 
4 

7.5 

125 % 
-25 % 

100 
40 

40 

20 

610 

10 

o 

a 

5.95 

80 

5 

3 

3 

3 

3 
5 

1 

100 

% 
% 

% 

kO 

V 

mV 

kll 

mAIV 

11 

rnA 

dB 

dB 

dB 

dB 

dB 

dB· 

V 
V 
V 
V 

~A 

Note 3: During the clamp pulse period, the RGB inputs should be at black level as they are clamped to be equal to the matrixed luminance and color difference 
signal black levels. The output impedance of the drive to the RGB inputs should be less than 2000 for correct clamp operation. 

Nota 4: With no external connection, pins 21, 22, 23 are internally biased to 6V. 

Note 5: Blanking level = - 20%. 

Note 6: Blanking level = 0% = clamp level. 

Nole 7: Minimum pulse width =3.5,,5. The clamps are permanently activated If pin 10 is open. 
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Pin Function Description 

Pin Function 

Green output signal. 
2 Green signal feedback. 

The signal gain of both the video output stages 
and IC amplifier are stabilized by the feedback 
circuits. DC clamping is achieved by sampling 
the feedback level during blanking. The black 
level potentials at the collectors of the video 
output stages may be varied independently by 
adjustable DC current sources applied to the 
feedback input pins. The DC levels at these pins 
are such that the feedback resistor and are· 
sistor network between the 12V supply and 
earth provide a potential of 6V during blanking. 

3 Clamp capacitor for blue output stage. 
4 Blue output signal. 
5 Blue signal feedback (see pin 2). 
6 
7 

8 
9 
10 

11 

12 

13 
14 

15 

16 

17 

Positive 12V supply. 

Blue black level clamp capacitor. 
Green black level clamp capacitor. 
Red black level clamp capacitor. 
Sandcastle pulse input. 
A sandcastle pulse derived, for example, from a 
TDA2593 line oscillator should be applied to 
this pin. 
A voltage between 4V and 5V will operate the 
line blanking to nominal clamp level. For frame 
blanking 20% below clamp level, a voltage 
between 2V and 3V may be applied. A pulse 
greater than 7.5V is required to operate the 
clamp circuits. 
Signal switching input. 
A voltage less than 0.3V will enable the matrixed 
Y, (B·Y), (R·Y) signals. An input greater than 0.9V 
will select the RGB input signals. If no connec· 
tion is made, the matrixed signals are selected. 
Blue input. 
The positive·going input signal is required to be 
AC coupled from a low impedance source. The 
coupling capaCitor also acts as a clamp capaci· 
tor. The high input impedance enables low 
value coupling capacitors to be used. 
Green input (see pin 12). 
Red input (see pin 12). 
Luminance signal input. 
A positive·going input signal is required. This 
pin is internally biased to 2.7V with an input im· 
pedance of 12 kll. 
Saturation control input. 

- (R-Y) signal input. 
The negative, -(R-Y), input should be AC 
coupled from a low impedance source. The 
coupling capacitor also acts as a clamp capaci
tor. The high input impedance enables low 
value coupling capacitors to be used. 
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Pin 

18 
19 
20 
21 

22 

23 
24 
25 
26 
27 
28 

Function 

B-Y signal input (see pin 17). 
Contrast control input. 
Brightness control input. 
Blue drive adjustment. 
A gain variation of typ ± 40% about the 
nominal is obtained as the voltage of this pin is 
varied ± 6V about the nominal value of 6V. If no 
connection is made, nominal gain is obtained. 
Green drive adjustment (see pin 21). 
Red drive adjustment (see pin 21). 
Negative supply, OV (earth). 
Clamp capacitor for red output stage. 
Red output signal. 
Red signal feedback (see pin 2). 
Clamp capacitor for green output stage. 

Appiication Hints 
To use the TDA3500 as a VDU driver with RGB input only, 
the Y input (pin 15) may be left open. The B-Y and R-Y input 
capacitors, pins 17 and 18, should be connected to ground 
to act as clamp capacitors. 

If operation without RGB inputs is required, pins 12, 13 and 
14 may be left unconnected. Pin 11 may be unconnected or 
grounded. 

The input coupling capacitor to pin 15 is not used as a 
clamp capacitor and may be omitted if AC coupling has 
been carried out in an earlier stage, or if the signal 
amplitude is so well defined as to remain within the win
dow of the IC when DC coupled. A nominal bias of 2.7V at 
black level should be provided. 

The nominal control ranges for brightness, contrast and 
saturation given in the data may be changed with suitable· 
potential dividers. The application circuit shows control 
ranges arranged for OV-12V operation. 

When the TDA3500 is not driving video output stages but 
providing low level outputs, low gain inverting amplifier 
stages are still required to provide feedback for the IC out
put stages. 

Class AB video output stages are shown in the application 
circuit. Though using more components than class A 
types, they offer reduced power dissipation and better 
transient response. For good frequency response and sta
bility, care is required with the stray capacitances on the 
printed circuit board. In a compact board layout this ap
plies particularly to the capaCitance between the video 
output and the feedback pins. The feedback resistor 
should be a low capaCitance type. 

Note 1: Attention should be given to earth paths, avoiding common im
pedances between the input (decoder) side and the output stages. 

Note 2: Printed track area connected to the feedback pins should be kept 
to a minimum. 

Note 3: To ensure a matched performance of the video output stages, a 
symmetrical layout of three stages should be employed. 

-I 

t 
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Block Diagram 

-(R"!4 ~ 

-(B-!!j ~ 

I 15 

I 

(R-Y) 

~ 
INPUT 
CLAMP 

SAT 
CONTROL 

(B-Y) 

INPUT 

~ CLAMP 
SAT 

CONTROL 

16 
SATURATION 

2V-4V 

-.::..... ;; ..... 
13 

(G-Y) 

MATRIX r----+ 

Y 

AMPLIFIER 

DATA 
INPUTS 

R-MATRIX 

f 

G-MATRIX 

1 

B-MATRIX 

TDA35DD 

- ..... 
14 

9 J 
I I 

r-' ,!!... TO RED OU 

+-< .!!-- ~h.. 

TPUT STAGE 

i t :3 GAIN'::" I 
.., I -.!-TOGREEN * OUTPUT STAGE 

+-< ~ - ~'Q 
i t 22 GAIN '::" 

7 I ... I 
CONTRAST GAIN -, .!-TO BLUE 0 

SIGNAL BRIGHTNESS CONTROL OUTPUT 

~~ 
SWITCHING BLACK BLANKING (WHITE AMPLIFIER +-< 

STAGE LEVEL ADJUST) -CLAMP 

I f t ! f t_ ot. 21 GAIN-

I 

<:1-
UTPUT STAGE 

CLAMP I I PULSE V+H H 

~ 
SANDCASTLE 

DETECTOR 

t 
11 19 20 Jl0 ,I6 ~4 
SIGNAL CDNTRAST BRIGHTNESS SANDCASTLE Vs '::" 

SWITCHING 2V-4V W-3V PULSE 
r11V 2,5V, 4,5V. 8V 

--I L.;.:. ~--=l1V 
~L4.5V 

, OV 
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Typical·Application and Test Circuit 

-8 -G -R 

r-------~--------+_-------+~----------------------------~~~-----o200V 

12V 

Uk 

1.2k 

6.8 

BLUE 
OUTPUT 
STAGE 

...... -'V'h--l~<10k 

L---'::"~---------'::"-------r~ ~nF 

22 nF 

p 22nF 

-D 22nF '::"p 
10 Ao----~ 
11 

SWITCH 1 Vp_p o-"'!' .... ----------------''i 

DATA 

R 
l~-pO~~------------~ 

* Input termination 2000 max 

TDA350D 
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12V 

22 nF 
28 

~ 27 

1
10nF* ~ ·ZENER I '::" 7V5 

26 

25 r---... --..... --.... -o 12V 

22 

Z1 

20 

19 r--~------... -------'Vvv--+_-o~~~~~ST 
18 

17 -{B·Y}1.33 Vp•p 

16 
L-____ ....;;;;"""-I 1-----+--0 -(R·Y) 1.05 Vp-p 

15 

1-_"'""-.IUIJc.r-J\A1kllr----<>Y INPUT 
1 Vp-p 

1.1k---r;;;;LAY UNE 

'::" -:!- 1N4148 



'?A National 
~ Semiconductor 

TV Circuits 

TDA3501 Chroma Processor + RGB ,Drive Combination 

General Description 
The TDA3501 is the same basic video processor as the 
TDA3500 with the addition of a gated peak beam current, 
limiter circuit. Pin 23 is used as the beam current control 
Input and the red channel gain is biased internally to the 
nominal value. Drive setting Is achieved using the green 
and blue gain,adjustments only. 

Application Hints 
The TDA3501 Is intended to be used for peak beam current 
limiting. Referring to the application circuit, the changing 
beam current waveform is developed across the resistor in 
series with the CRT aquadag ground return. This wave: 
form is AC coupled to pin 23 of the TDA3501 where it is DC 

Connection Diagram 

restored to supply. When the negative·going peaks during 
the scan period pass the beam current input threshold, the 
contrast starts to be reduced. This action is gated off dur
ing the flyback period, blanking out flyback transients. 
The contrast control voltage is pulled down via an internal 
sink to pin 19, and the decoupling capacitor on this' pin 
integrates the current pulses. Under extremes of beam 
current, the brightness will be pulled down via the internal 
diode connected between pins 19 and 20. ' 

Pin 23 may also be used as an alternative blanking input, 
for example, for frame blanking instead of using a three
level sandcastle pulse. Negative-going blanking pulses 
a,re required and the decoupling on pin 19 should be'iso· 
lated via a series resistor for reasonable 'rise and fall times. 

Dual.ln~Llne Package 

'GREEN OUTPUT 

GREEN FoBK 
2 

CLP CAP 

BLUE OUTPUT 25 CLP CAP 

BLUE FoBK 24 GNo 

SUPPLY 23 BEAM CURRENT LIMIT 

~,.{ 
22 GREEN GAIN SET 

21 ,BLUE GAIN SET 

20 BRIGHTNESS CONTROL 

SANoCASTLE 10 19 CONTRAST CONTROL INPUT 
SIGNAL SWITCH 11 18 

- (B~Y) INPUT 
17 

- (R-Y) INPUT 

16 SATUliArlON CONTROL 

15 LUMA INPUT 

TOP VIEW 

Order Number TDA3.501 N 
See NS Package N28A 
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Electrical Characteristics Vs = 12V, TA = 25·C. The TDA3500 data applies except for the following parameters .. 

Parameter Conditions Min Typ Max Units 

CONTRAST CONTROL (Pin 19) 

119 Contrast Control Input Current V232:6V 10 pA 

119 Current Sinking V23=5.8V 0.7 mA 
V23= 5.7V 10 mA 
V23= 5.6V 16 mA 

BEAM CURRENT CONTROL (Pin 23) 

V23 Internal Bias Voltage (Pin 23) 6 V 

R23 Input Impedance 10 kO 

.... __ ._ ft!l _____ 

glU!l.i1\ I.IIGYIGIII 

DATA 
INPUTS 

.k ...l!!.. --1!. 
-..- -r- -r-
-1213 14 

9 : I '!-(R-Y) 
f-+ ~ TO RED OUTPUT STAGE 

-(R~~ INPUT 
~ CLAMP R-MATRIX 1-~ 

SAT r--~q CONTROL 

f I 8 : I .. ..L 
(G-Y) f-+. ~ TO GREEN OUTPUT STAGE ":' 

MATRIX r- G-MATRIX ~ ~ 
r--~b. 

f I + 22 GAIN":' 

7 : I ... ..L. 
(B-Y) CONTRAST f-+' ~ TO BLUE OUTPUT STAGE ":' 

-(B~~ INPUT SIGNAL BRIGHTNESS 
GAIN 

CONTROL OUTPUT ~ -+ CLAMP B-MATRIX SWITCHING BLACK BLANKING (WHITE AMPUFIER ~ 
SAT STAGE LEVEL ADJUST) r--~q CONTROL CLAMP 

1 t t t t + + 21 GAIN-

I 

~EAM 
I 

Y CLAMP 
V+H 1 -1: 15 

PULSE H 

AMPLIFIER TOA35D1 . CURRENT LL...I.. SANoCASTLE 
LIMIT r'" DETECTOR 

t t 
16 'PE~~ ~:GNAL CO~;RAST BR~:HTNESS SANo!~:TLE J.6 ¥4 SATURATION 

2V-4V BEAM SWITCHING 2V-4V 1V-3V PULSE 
CURRENT ..J11! 2.SV. 4.SV. BV 

LIMIT ~IIV 
-4,5V 

OV 
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Typical Application and Test Circuit 

-B -0 -R 

~------~-------+--------~~------------------~------~~--__ --o200V 

12V 

820 560 18k 

Uk 

1.2k 

6.8 

BLUE 
OUTPUT 
STAGE 

....... J\JVII-I ... <10k 

22 nF 

I....-':"-f--':"----+--I p 

22 nF 

~r' ,:,,~2nF 

~o-________________ ~10~ 
SWITCH 1 Vp-p o--.._--_____ ....;ll"f 

DATA • 

R 
l~_pO~~-------J 

* Input termination 2000 max 

TOA3501 
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TO CRT iAQUAOAG 
47 nF ':" 

11-----.... • ~~;~~ ~I~I~ 
',:" 

22 nF q 28 

27 

26 

.---.... - ... -o12V 

t-:=---___ +-___ J\JI/Vo_f--o~~~~~AST 

...... ---------1 I-~-O-(B-Y) 1.33 Vp-p 

'----...:;~ 1---+--0 -(R-V) 1.05 Vp-p 

t-'-""'\..AJ,...A...r-"VI1kflr--<> v INPUT 
1 Vp-p 
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Selection Guide 

LM194/LM394 

LM195/LM295/LM395 

(Current Limit, Thermal Limit, 
Safe Area Protection) 
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~National 
~ Semiconductor 

Transi'stor/Oiode Arrays 

LM194/LM394 Supermatch Pair 
General Description 
The LM194 and. LM394 are junction isolated ultra 
well·matched monolithic NPN transistor pairs with an 
order of magnitude improvement in matching over con· 
ventional transistor pairs. This was accomplished by 
advanced linear processing and a unique new device 
structure. 

Electrical characteristics of these devices such as drift 
versus initial offset voltage, noise, and the exponential 
relationship of base·emitter voltage to collector current 
closely approach those of a theoretical transistor. Extrin· 
sic emitter .and base resistances are much lower than 
presently available pairs, either monolithic or discrete, 
givin~ extremely low noise and theoretical operation over 
a wide current range. Most parameters are guaranteed 
over a current range of lJlA to 1 mA and OV up to 40V 
collector·base voltage, ensuring superior performance 
in nearly all applications. 

To guarantee long term stability of matching parameters, 
internal clamp diodes have been added across the emitter· 
base junction of each transistor. These prevent degrada· 
tion due to reverse biased emitter current-the most 
common cause of field failures in matched devices. The 

. parasitic isolation junction formed by the diodes also 
clamps the substrate region to the most negative emitter 
to ensure complete isolation between devices. 

Typical Applications 

Low Cost Accurate Square Root Circuit 
lOUT = 10-5 • ~ 

30pF 

I. 
n ~ VIN ~~~~~ >-.... ""'''".. . ..,...:.j 

/' 
I 
\ 

15pF 2k .. 

,.~--------~~ 
100k"'-:---~-

1% Uk 

-15V 
REGULATED 

5. 
1/2LMJ94 

; The LMl94 and LM394 will provide a considerable im· 
provement in performance in most applications requiring 
a closely matched transistor pair. In many cases, trim· 
mingo can be eliminated entirely, improving reliability 
and decreasing costs. Additionally, the low noise and 
high gain make this device attractive even where match· 
ing is not critical. 

The LM194 and LM394/LM394B/LM394C are available 
in an isolated header 6·lead TO·5 metal can package. 
The LM194 IS identical to the LM394 except for tighter 
electrical specifications and wider temperature range. 

Features 
• Emitter·base voltage matched to 50JlV 

• Offset voltage drift less than O.lJlVI"C 

• Current gain (h FE) matched to 2% 

• Common·mode rejection ratio greater than 120 dB 

• Parameters guaranteed over lJlA to 1 mA collector 
current 

• Extremely low noise 
• Superior logging characteristics compared to conven· 

tional pairs 

• Plug·in replacement for presently available devices 

INPUT 

Low Cost Accurate Squaring Circuit 
lOUT = 10-6 (VINI2 

O'$; VIN '5;+tOV 

"'Trim for full scale accuracy 
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AJlsolute Maximum Ratings 
Collector Current 20mA Collector·Collector Voltage 40V 
Coliector·Emitter Voltage VMAX LM394C 20V 
Coll.etar·Emitter Valtag. 40V Base-Emitter Current ±10mA 

'LM394C 20V Power Dissipation SOOmW 
Co!lector·Base Voltage 40V Junction Temperature 

LM394C 20V LM194 -SSoC to +12SoC 
Collector·Substrate Voltage 40V LM394/LM394B/LM394C -2SoC to +8S'C 

LM394C 20V Storage Temperature Range -6SoC to +IS0°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (TJ = 25°C) 
; 

LMI94 
PARAMETER 

LM394 LM394B/LM394C 
CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Current Gain (h Fe ) Ve, = OV to VMAX (Not. 11 
Ie = 1 rnA 500 700 300 700 225 500 
Ie = 100~A 400 550 250 550 200 400 
Ie = 10~A 300 450 200 450 150 300 
Ie = I~A 200 JOO 150 300 100 200 

Current Gain Match (hFE Match) Ves = OV to VMAX 
100 (AI,i (hFEIMINJi 

= 
Ie = 10pAto 1 rnA 0.5 2 0.5 4 1.0 5 % 

Ie Ie'" 11AM. ,.v .. - on " 
Emitter·Base Offset Voltage Ves =0 25 50 25 150 50 200 ~V 

Ie = l~A to 1 mA 

Change in Emitter-Base Offset (Not. 1) 10 25 10 50 10 100 ~V 

Voltage vs Collector-Base Ie = lJ,1A to 1 mAo 
Volt.ge (CMRR) Ve, = OV.o VMAX 

Change in Emitter·Base Offset Ves = av. 5 25 5 50 5 50 pV 
V~'tage vs Collector Current Ie '" 1.uA to 0.3 rnA 

Emitter·Base Offset Voltage Ie '" 10J,(A to 1 mA (Note 2) 
Temperature Drift Ie, '" IC2 0.08 0.3 0.08 1.0 0.2 1.5 ~vtc 

Vas Trimmed to 0 at 25°C 0.03 0.1 0.03 0.3 0.03 0.5 ~vtc 

LORDing Conformity Ie '" 3 nA to 30~A, V cs =0, 150 150 150 ~V 

INot.31 

Collector-Base Leakage Ve, = VMAX 0.05 0.25 0.05 0.5 0.05 0.5 nA 

Collector·Collector Leakage Vee oVMAX 0.1 2.0 0.1 5.0 0.1 5.0 nA 

InRut Voltage Noise Ie ·loo~A. Ve, ·OV. 1.8 1.8 1.8 nV/VH. 
f 0 100 Hz to 100 kHz 

Co!lector to Emitter Saturation Ie = 1 mAo I, = 10~A 0.2 0.2 0.2 V 
Voltage Ie 0 1 mAo I, = loopA 0.1 0.1 0;1 V 

No,. 1: Callector-b ••• voltage is swept from 0 to VMAX at • collector current of I"A, 10"A, 100"A, end 1 mAo 
Nole 2: Offset voltage drift with VOS = 0 at T A = 25°C is valid only when the ratio of ICI to IC2 is adiusted to give the initial zero offset. This 
ratio must be held to within 0.003% over the entire temperature range. Measurements taken at +2SoC and temperature extremes. 

Note 3: Logging conformity is measured by computing the best fit to a true exponential and expressing the error as a base-emitter voltage 
deviation. 

Typical Applications (Continued) 

Fast. Accur.telogging Amplifier, VIN = 10V to 0.1 mV or liN = I mA to 10 nA 
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i Typical Applications (Continued) 

:IE Voltage Contr~lIed Variable Gal~ Amplifier 
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Typical Applications (Continued) 
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Typical Performance Characteristics 

Small Signal Current Gain vs 
Collector Current 
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Typical Performance Characteristics (Continued) 
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~National ' 
~ Semiconductor 

Transistorl Diode Arrays 

LM195/LM295/LM395 Ultra Reliable Power Transistors 

General Description 
The LMI95/LM295/LM395 are fast, monolithic 
power transistors with complete overload protec' 
tion. These' devices, which act as high gain power 
transistors, have included on the chip, current 
limiting, power limiting, and thermal overload 
protection making them virtually impossible to 
destroy from any type of overload. I n the standard 
TO·3 transistor power package, the LM195 will 
deliver load currents in excess of 1.0A and can 
switch 40V in 500 ns. 

The inclusion of thermal limiting, a feature not 
easily available in discrete designs, provides virtually 
absolute protection against overload. Excessive 
power dissipation or inadequate heat sinking 
causes the thermal limiting circuitry to turn off 
the device preventing excessive heating. 

Features 
• Internal thermal limiting 
• Greater than 1.0A output current 

• 3.0j.!A typical base current 

• 500 ns switching time 
• 2.0V saturation 
• Base can be driven up to 40V without darnage 

• Directly interfaces with CMOS or TTL 

• 100% electrical burn·in 

The LM195 offers a significant increase in reliabil· 
ity as well as simplifying power circuitry. In some 
applications, where proiection is unusually difficult, 
such as switching regulators, lamp or solenoid 
drivers where normal power dissipation is low, the 
LM195 is especially advantageous. 

The LM195 is easy to use and only a few pre· 
cautions need be observed. Excessive collector to 
emitter voltage can destroy the LM 195 as with 
any power transistor. When the device is used as 
an emitter follower with low source impedance, it 
is necessary to insert a 5.0k resistor in series with 
the base lead to prevent possible emitter follower 
oscillations. Although the device is 'usually stable 
as an emitter follower, the resistor eliminates the 
possibility of trouble without degrading perform· 
ance. Finally, since it h,!s good high frequency 
response, supply by passing is recommended. 

The LM195/LM295/LM395 are available in stand· 
ard TO·3 power packages and solid Kovar TO·5. 
The LM195 is rated for operation from -55°C to 
+150°C, the LM295 from -25°C to +150°C and 
the LM395 from O°C to +125°C. 

Simplified Circuit and Connection Diagrams 

I 
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I 
I 
I 
I 
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" 

I 
I 
I 
I 
I 
I 
I 
I 
I EMITTER 

~~~----~~~~ L ________ _ 

Simplified Circuit of the LM195 

TO·3 Metal Can Package 

BOTTOM VIEW 

Order Number LM195K, 
LM295K or LM395K 

See NS Package K02A 

TO·5 Metal Can Package 

2~BASE G 'MITTER 

3 --- COllECTOR' 

CASE IS EMITTER 
BOTTOM VIEW 

Order Number LM195H, 
LM295H or LM395H 

See NS Package H03B 
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TO·220 Power Packag~ 
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1r-1t===::::::~/ EMITTER 
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TOP VIEW 

Order Number LM395T 
See NS Package T03B 

TO·202 Power Package 

EMITTER , 
1
0 U' 

FRONT VIEW 

Order Number LM395P 
See NS Package P03A 
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Absolute Maximum Ratings 

Collector to Emitter Voltage 

LM 195, LM295 42V 
LM395 36V 

Collector to Base Voltage 

LM195, LM295 42V 
LM395 36V 

Base to Emitter Voltage (Forward) 
LM195, LM295 42V 
LM395 36V 

Base to Emitter Voltage (Reverse) 20V 
Collector Current I nternally Limited 
Power Dissipation I nternally Limited 
Operating Temperature Range 

LM195 -55°C to +150oC 

LM295 -25°C to +150°C 

LM395 O°C to +125°C 

Storaqe Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300=C 

Preconditioning 

100% Burn-In In Thermal Limit 

Electrical Characteristics (Note 1) 

LM195, LM295 LM395 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Collector-Emitter Operating Voltage la ~ Ie S IMAX 42 36 V 
INote3) 

Base to Emitter Breakdown Voltage OS-VeE ::;VCEMAX 42 36 60 V 

Collector Current 
TO·3, TO·220 VeE ~ 15V 1.2 2.2 1.0 2.2 A 
TO·5, TO·202 VCE ,,7.0V 1.2 1.8 1.0 1.8 A 

Saturation Voltage Ie" LOA, TA = 25"C 1.8 2.0 1.8 2.2 V 

Base Current aS Ie S' IMAX 3.0 5.0 3.0 10 ~A 

O::;VCE SVCEMAX 

Quiescent Current (101 Vbe=O 2.0 5.0 2.0 10 rnA 
0:$ VeE S VCEMAX 

Base to Emitter Voltage Ie'" 1.0A, TA = +25°C 0.9 0.9 V 

Switching Time VCE = 36V, RL = 36n, SOO 500 ns 
TA = +25°C 

Thermal Resistance Junction to TO·3 Package 2.3 3.0 2.3 3.0 "CIW 
Case (Note 21 TO·5 Package 12 15 12 15 "CIW 

Note 1: Unless otherwise specified, these specifications apply for -5S"C::; Tj::; +150°C for the LM19S,-2S"C::; Tj::; +lS0°C 
for the LM295 and O°C::; +125°C for the LM395. 
Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about +l50"C/W, while that of the TO·3 package 
is +3S"C/W. 
Note 3: Selected devices with higher breakdown availab)e, 

12-11 



Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

10V Transfer Function 
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Typical Applications 
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Typical Applications (Continued) 
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Typical Applications (Continued) 
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Typical Applications (Continued) 
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'?A National 
~ Semiconductor 

Transistorl Diode Arrays 

LM3045, LM3046, LM3086 Transistor Arrays 

General Description 
The LM3045, LM3046, and LM3086 each consist 
of five general purpose silicon NPN transistors on 
a common monolithic substrate. Two of the tran· 
sistors are internally connected to form a differ
entiallY'connected pair. The transistors are well 
suited to a wide variety of applications in low 
power system in the DC through VH F range. They 
may be used as discrete transistors in conventional 
circuits however, in .addit'ion, they provide the 
very significant inherent integrated circuit advan
tages of close electrical and thermal matchin~. The 
LM3045 is supplied in a 14-lead cavity dual-in·line 
package rated for operation over the full military 
temperature range. The LM3046 and LM3086 are 
electrically identical to the LM3045 but are 
supplied in a 14-lead molded dual·in-line package 
for applications requiring only a limited temper
atu re ra nge. 

Schematic and Connection Diagram 

Features 

• Two matched pairs of transistors 
VSE matched ±5 mV 
Input offset current 21lA max at Ie = 1 mA 

• Five general purpose monolithic transistors 
• Operation from DC to 120 MHz 
• Wide operating current range 
• Low noise figure 3.2 dB typ at 1 kHz 
II Full military 

temperature range (LM3045) -55°C to +125°C 

Applications 
• General use in all types of signal processing 

systems operating anywhere in the frequency 
range from DC to VHF 

• Custom designed differential ampl ifiers 
• Temperature compensated amplifiers 

Dual-In-Line Package 

14 

SUBSTRATE 

13 12 11 10 

TOP VIEW 

Order Number LM3045J 
, See NS Package J14A 

Order Number LM3046N 
or LM3086N 

See NS Package N14A 
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Absolute Maximum Ratings 

Power Dissipation: 
T A = 25°C 
:r A = 25°C to 55°C 
TA >55°C 
T A = 2!(C to 75°C 
TA >75°C 

Collector to Emitter Voltage, V CEO 

Collector to Base Voltage, V cso 
Collector to Substrate Voltage, V CIO (Note 1) 
Emitter to Base Voltage, VEBO 

Collector Current, Ie 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

(TA = 25°C) 

LM3045 

Each 
Transistor 

300 

300 

Total 
Package 

750 

750 
Derate at 8 

15 
20 
20 
5 

50 
-55°C to +125°C 
-65°C to +150°C 
300 

LM3046/LM3086 

Each 
Transistor 

300 
300 

Total 
Package 

750 
750 

Derate at 6.67 

15 
20 
20 

5 
50 

-40°C to +85°C 
--65° C to +85° C 
300 

Electrical Characteristics (T A = 25°C unless otherwise specified) 

LIMITS LIMITS 

PARAMETER CONDITiONS LM3045, LM3046 LM3086 

MIN TYP MAX MIN TYP 

Collector to Base Breakdown Voltage (VcBRlcBol le= 10.uA,le=O 20 60 20 60 

Collector to'Emltter Breakdown Voltage (VCBRICEOI Ie"" 1 mA,la=O 15 24 15 24 

Collector to Substrate Breakdown Voltage 
Ie == lOIlA, ICI = 0 20 60 20 60 

(V{BRICIol 

Emitter to Base Breakdown Voltage (VCBR1EBol le= lOllA,lc =O 5 7 5 7 

Collector Cutoff Current (leBo) Vea == lOV, Ie == 0 .002 40 .002 

Collector Cutoff Current (IeEe) VeE == lOV, Ie = a .5 

Static Forward Current Transfer Ratio (Static rc = 10mA 100 100 

Beta) (hFEI 
VeE == 3V Ie = 1 rnA 40 100 40 100 

Ic = 10#A 54 54 

Input Offset Current for Matched Pair Q, and Q 2 VeE == 3V, Ie = 1 rnA .3 2 
1101 -1 102 1 

Base to Emitter Voltage (V BE) {IE = 1 mA .715 .715 
VeE ~ 3V IE = 10 mA .BOO .800 

Magnitude of Input Offset Voltage for 
VeE=3V,Ie=lmA .45 5 

Differential Pair IVaE1 - VaE2 1 

Magmtude of Input Offset Voltage for Isolated 
TranSistors IVSE3 - VSE4 1, IVSE4 - VBESI, VCE=3V,le=lmA .45 5 
IVBE5 -VBE3 1 

Temperature Coefficient of Base to Emitter 

Voltage (lI:r) VeE = 3V, Ie = , mA -1.9 -1.9 

Collector to Emitter Saturation Voltage (VCE(SATI) IB= 1 mA,lc= lOrnA .23 .23 

Temperature Coefficient of Input Offset 

Voltage (lIl1iO) VCE=3V.le=1 rnA 1.1 

Units 

mW 
mW 

mWtC 
mW 

mWtC 
V 
V 
V 
V 

mA 

°c 

UNITS 

MAX 

V 

V 

V 

V 

100 nA 

5 #A 

#A 

V 

mV 

mV 

mV/"C 

V 

#vi"c 

Note 1: The coli ector of each transistor of the LM3045, LM3046, and LM3086 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor action. 
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Electrical Characteristics (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Low Frequency Noise Figure (NFl 
f = 1 kHz, VCE = 3V, Ic = 100~A 

3.25 d8 
Rs= 1 kn 

Low Frequency. Small Signal Equivalent Circuit Characteristics: 

Forward Current Transfer Ratio (hfe) 110 (LM3045, LM3046) 
(LM3086) 

Short Circuit Input Impedance (hie) 3.5 kn 
f = 1 kHz, VCE = 3V, Ic = 1 rnA 

Open Circuit Output Impedance (hoel 15.6 Ilmho 

Open Circuit Reverse Voltage Transfer Ratio (hrel 1.8xl0-" 

Admittance Characteristics: 

Forward Transfer Admittance tV fel 31 - i 1.5 

Input Admittance (Vie) 0.3+i 0.04 

Output Admittance {V oel .... 
f = 1 MHz, VCE = 3V, Ic = 1 rnA 

Reverse Transfer Admittance (V rei 

Gain Bandwidth Product (fT) VCE=3V,lc=3rnA 

Emitter to Base Capacitance (CEal VEe = 3V, IE = 0 

Collector to Base Capacitance (Ceel Vce=3V,lc=0 

Collector to Substrate Capacitance (Cc,) Vcs = 3V,Ic = 0 

Typical Performance Ch~racteristics 

Typical Collector To Base Typical Collector To Emitter 
Cutoff Current vs Ambient Cutoff CUrrent vs Ambient 
Temperature for Each Temperature for Each 
Transistor Transistor 

10' .. 10' oS IE =0 

~ 
Is =0 

10 10' i 
~ 10 
~ 
0 

10.1 ~ 
'" ~ VeE" lOV 0 

10.2 \~ 10.1 

5V 
10.3 8 10.2 

1 

10.4 ~ 
10' ..l} 

Z5 50 75 100 lZ5 0 Z5 50 75 100 

300 

lZ0 

0 110 

~~ 100 ;:'" 
",'" 
OW 
~::; 90 
,,2 

~~ 
~~ 80 

I:;; 
70 .'" 

~~ 
60 

50 
lZ5 

O.OO1+i 0.03 

See curve 

550 

.6 pF 

.58 pF 

2.8 pF 

Typical Static Forward 
Current-Transfer Ratio and 
Beta Ratio for Transistors 01 
and Q2 vs Emitter Current 

VeE'lVIII I 
TA "25 C 

111111111. I / Ih"'l OR Ih'''1 
hfE2 hFEl 

X 
h" 
I 

V J 
.01 10 

TA - AMBIENT TEMPERATURE (OC) TA - AMBIENT TEMPERATURE ( CI IE - EMITTER (mAl 

10 

Typicellnput Offset Current 
for Matched Transistor Pair 
Q1 Q2 vs Collector Current 

.01 L...Ju.JU.l.UlL-.l...J..J.W.llL.J....JLilljllJ 

.01 .1 10 

Ie - COLLECTOR (mAl 
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Typical Performance Characteristics (Continued) 
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Typical Performance Characteristics (Continued) 
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~National 
~ Semiconductor 

Transistorl Diode Arrays 

LM3146 High Voltaoge Transistor Array 

Generai Description 
The LM3146 consists of five high voltage general pur
pose silicon NPN transistors on a common monolithic 
substrate_ Two of the transistors are internally con-
nected to form a differentially-connected pair_ The 
transistors are well suited to a wide variety of appli
cations in low power system in the dc through VHF 
range. They may be used as discrete transistors in 
conventional circuits however, in addition, they pro
vide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 
The LM3146 is supplied in a 14-I~ad molded dual-in
line package for applications requiring only a limited 
temperature range. 

Connection Diagram 

Features 
• High voltage matched pairs of transistors, V BE 

matched ±5 mV, input offset current 2J1A max at 
Ie = 1 mA 

• Five general purpose monolithic transistors 
• Operation from dc to 120 MHz 
• Wide operating current range 
• Low n!,ise figure 3.2 dB typ at 1 kHz 

Applications 
• General use in all types of signal processing systems 

operating anywhere in the frequency range from dc to 
VHF 

• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

Dual-I n-Line Package 

14 

SUBSTRATE 

11 

TOPvrEW 

Order Number LM3146N 
Se. NS Packag. N14A 
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Absolute Maximum Ratings 

LM3146 UNITS 

Power Dissipation: Each Transistor 
TA = 25°C to 55°C 300 mW 
TA > 55°C Derate at 6.67 mWfC 

Power Dissipation: Total Package 
TA = 25°C 500 mW 
TA > 25°C Derate at 6.67 mWfC 

Collector to Emitter Voltage, V CEO 30 V 
Collector to Base Voltage, V CBO 40 V 
Collector to Substrate Voltage, V CIO (Note 1) 40 V 
Emitter to Base Voltage, VEBO (Note 2) 5 V 
Collector Current, Ic 50 rnA 
Operating Temperature Range -40 to +85 °c 
Storage Temperature Range -65 to +150 °c 
Lead Temperature (Soldering, 10 seconds) 300 °c 

( 

DC Electrical Characteristics TA = 25°(; 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

eollector to Base Breakdown Ic = 10llA, IE = 0 40 72 V 

Voltage (V(BRICBO) 

eollector to Emitter Breakdown Ic = 1 rnA, IB = 0 30 56 V 

Voltage (V(BRICEO) 

Collector to Substrate Breakdown ICI = 10llA. 'B = 0, 40 72 V 

Voltage (V(BRICIO) IE =0 

Emitter to Base Breakdown Voltage . Ic = 0, IE = 10llA 5 7 V 

(V(BAIEBO) (Note 2) 

eollector Cutoff Current (lCBO) VCB = 10V, IE = 0 0.002 100 nA 

eollector Cutoff Current (lCEO) VCE = 10V, IB = 0 (Note 3) 5 p.A 

Static Forward Current Transfer Ic = lOrnA, VCE = 5V 85 
Ratio (Static Beta) (hFE ) Ic = 1 rnA, VCE = 5V 30 100 

Ic = 101lA, VeE = 5V 90 

\ Input .offset Current for Matched Ie, = le2 = 1 rnA, 0.3 2 IlA 
Pair 01 and 02 liB' - IB21 VCE = 5V 

Base to Emitter Voltage (V BE) Ie = 1 rnA, VeE = 3V 0.63 0.73 0.83 V 

Magnitude of Input Offset Voltage VeE = 5V, IE = 1 rnA 0.48 5 mV 

for Differential Pair IVBE , - V BE2 1 

Temperature Coefficient of Base VeE = 5V, IE = 1 rnA -1.9 mVfC 
to Emitter Voltage (AVBEtAT) 

Collector to Emitter Saturation Ie = 10 rnA, IB = 1 rnA 0.33 V 

Voltage (V eE(SA TI) 

Temperature Coefficient of Input Ie = 1 rnA, VeE = 5V 1.1 Ilvfc 
Offset Voltage (AV,otAT) 

Note 1: The collector of each transistor is isolated fram the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either dc .or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 
Note 2: If the transistors are forced into zener breakdown (V (BR) EBO), degradation of forward transfer current ratio (hFE) can occur. 

Note 3: See curve. 
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AC Electrical Characteristics 

PARAMETER CONDITIONS 
LIMITS 

UNITS 
MIN TVP MAX 

Low Frequency Noise Figure (NF) f= 1 kHz, VCE = 5V, 3.25 dB 
Ic = 100JlA, Rs = 1 kn 

Gain Bandwidth Product (fT ) VCE = 5V, Ic = 3 rnA 300 500 MHz 

Emitter to Base Capacitance (CEB ) VEB = 5V, IE = 0 0.70 pF 

Collector to Base Capacitance (CCB) VCB = 5V, Ic = 0 0.37 pF 

Collector to Substrate Capacitance VCI = 5V, Ic = 0 2.2 pF 
(CCI) 

LOW FREQUENCV, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 

Forward Current Transfer Ratio (hfe ) f= 1 kHz, VCE =3V, 100 
Ic =1 rnA 

Bhort:: Cirrlli1: In!,lIi: Im!"prl:mrp. (h;J f = 1 kH7. "::: =~" ~_!i kn 
Ic =1 rnA 

Open Circuit Output Impedance (hoe) f= 1 kHz, VCE = 3V, 15.6 Jlmho 
Ic=l rnA 

Open Circuit Reverse Voltage f= 1 kHz, VCE = 3V, 1.8 x 
Transfer Ratio (hre ) Ic = 1 rnA 10-4 

ADMITTANCE CHARACTERISTICS 

Forward Transfer Admittance (Vfe ) f = 1 MHz, V CE = 3V, 31- mrnho 
Ic=l rnA j 1.5 

Input Admittance (Vie) f = 1 MHz, V CE = 3V, 0.3+ 
mmho 

Ic = 1 rnA jO.04 

Output Admittance (Voe ) f= 1 MHz, VCE = 3V, 0.001 + 
mmho 

Ic=l rnA jO.03 

Reverse Transfer Admittance (Vre ) f= 1 MHz, VCE =3V, (Note 3) mmho 
Ic=l rnA 

Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either de or signal (ae) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(BR)EBO)' degradation of forward transfer current ratio (hFE) can occur. 

Note 3: See curve. 
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Typical Performance Characteristics 
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Typical Performance Characteristics I (Continued) 
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~ National Semiconductor DIGITALKER™ Speech Synthesis !;: 

BLX-281 ~ 
,Speech Synthesis Expansion Module 

• BLX bus-compatible 1/0 expansion 

• Speech synthesis based on 
DIGITALKERTM 

• Large vocabulary adequate for most 
applications 

• On·board filter and half-watt amplifier 

Product Overview 
The BLX-281 Speech Synthesis Expansion Module 
is a member of the new line of BLX bus-compatible 
expansion module products from National Semi
conductor Corporation. The BLX-281 plugs directly 
into any BLX bus-compatible host board offering 
low cost incremental on-board expansion. As a 
result, ,any BLX bus-compatible host board may be 
given the ability to "speak". By merely adding a 
speaker to a system containing the BLX-281, many 
users can do away with CRTs, printers, rows of 
LEOs, or similar cO'mmunications devices. This 
lowers the cbst of most systems, and has the 
added benefit of removing messages which are 
potentially ambiguous and hard-to-understand for 
untrained users. The BLX-281 contains 144 words, 
sounds, tones, and durations of silence, each of 
which has a unique address. A table of addresses 
(desired words/sounds) is built, and passed to the 
BLX-281. An on-board filter and amplifier provide 
the actual speech Signal to a standard miniature 
phone jack. The BLX module is closely coupled to 
the host board through the BLX bus, and as SUCh, 
offers maximum on-board performance, and frees 
Multlbus system traffic for other system resources. 
Incremental power dissipation is minimal, requiring 
only 3.7 watts. 

DIGITALKER Is a trademark of National Semiconductor Corp. 

13-3 

• Simple operation for user 
• I/O write with word/sound address 
• Interrupt asserted when complete 

• BLX bus on-board expansion eli mates 
Multibus™ system bus latency and 
increases system throughput 

Functional Description 
The BLX-281 Speech Synthesis Expansion Module 
uses the MM54104 Speech Processor Chip from 
National Semiconductor Corporation. The digitized 
and compressed speech data are contained in an 
MM52164 Maxi-ROM. The system software commu
nicates with the BLX-281 across the BLX bus using 
110 read/write commands. 

Vocabulary 

The standard vocabulary set offered on the 
BLX-281 is shown in Table I, along with the 
aSSigned addresses for each item. By combining 
the appropriate words, sounds, tones, and silence 
durations, speech can be generated to satisfy 
many applications. 

Words required, but not found in the table, can fre
quently be built. Examples of this are: combine 
"RE" with "SET" for "RESET", or combine 
"DEGREE" with "SS" for "DEGREES". 

In normal human speech, the brain puts durations 
of silence between the words to make the sentence 
flow smoothly. This Is provided for in the BLX-281 
(see Table I). A suggestion for improved phrase 
quality is to insert 80 milliseconds of silence prior 

Multlbus Is a trademark of Intel Corp. 



to words beginning with the letters K, T, P, B, D, and 
G, and to add 40 milliseconds of silence after words 
ending In those same letters. 

The "voice" output of the BLX-281 Is a highly intel· 
ligible, male voice. If another voice Is required, or 
the application is non-English, or Involves unusual 
terminology, any voice can be processed for use OIT 

the BLX-281 by the factory. 

Host Interface 

The BLX bus-compatlble host board merely passes 
the address of the deSired wordlsound to the BLX-281 
Speech Synthesis Expansion Module via an 110 write. 
When the operation is complete, an interrupt is gen
erated. This Informs the host of the end of the speech 

sequence, and allows for cascading of addresses 
for true, human-quality sentences. 

Interrupt Requests 

There Is one interrupt line from the Speech Proces
sor Chip that generates an Interrupt request to the 
host CPU. It is active on completion of each speech 
sequence. It is cleared by an 110 read to the BLX-281. 

Installation 

The BLX-281 module plugs directly into either of the 
female BLX connectors on the host board. The mod
ule Is then secured at one additional point with nylon 
hardware to insure the mechanical security of the 
assembly (see Figures 1 and 2). 

BLX-281 
---EXPANSION 

MODULE 

HOST BOARD 

/ 

"J~ 
• : ..••• :: ~ BLX EXPANSION 

o ~~'tf]."'Jifuo", 

Figure 1. Installation of the BLX-281 Module on a Host Board 
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Table I. Master Word List 

8·Blt Binary 8·Blt Binary 8·Blt Binary 
Word Address Word Address Word Address 

Bit 7 Bit 0 Bit 7 Bit 0 Bit 7 Bit 0 

THIS IS DIGITALKER 00000000 a 00110000 IS 01100000 
ONE 00000001 R 00110001 IT 01100001 
TWO 00000010 S 00110010 KILO 01100010 
THREE 00000011 T 00110011 LEFT 011-00011 
FOUR 00000100 U 00110100 LESS 01100100 
FIVE 00000101 V 00110101 LESSER 01100101 
SIX 00000110 W 00110110 LIMIT 01100110 
SEVEN 00000111 X 00110111 LOW 01100111 
EIGHT 00001000 Y Q0111000 LOWER 01101000 
NINE 00001001 Z 001'11001 MARK 01101001 
TEN 00001010 AGAIN 00111010 METER 01101010 
ELEVEN 00001011 AMPERE 00111011 MILE 01101011 
TWELVE 00001100 AND 00111100 MILLI 01101100 
TH!RTEEN 00001101 AT 00111101 MINUS 01101101 
FOURTEEN 00001110 CANCEL 00111110 MINUTE ulllniiii 
FIFTEEN 00001111 CASE 00111111 NEAR 01101111 
SIXTEEN 00010000 CENT 01000000 NUMBER 01110000 
SEVENTEEN 00010001 400Hz TONE 01000001 OF 01110001 
EIGHTEEN 00010010 80Hz TONE 01000010 OFF 01110010 
NINETEEN 00010011 20ms SILENCE 01000011 ON 01110011 
TWENTY 00010100 40ms SILENCE 01000100 OUT 01110100 
THIRTY 00010101 80ms SILENCE 01000101 OVER 01110101 
FORTY 00010110 160ms SILENCE 01000110 PARENTHESIS 01110110 
FIFTY 00010111 320ms SILENCE 01000111 PERCENT 01110111 
SIXTY 00011000 CENTI 01001000 PLEASE 01111000 
SEVENTY 00011001 CHECK 01001001 PLUS 01111001 
EIGHTY 00011010 COMMA 01001010 POINT 01111010 
NINETY 00011011 CONTROL 01001011 POUND 01111011 
HUNDRED 00011100 DANGER 01001100 PULSES 01111100 
THOUSAND 00011101 DEGREE 01001101 RATE 01111101 
MILLION 00011110 DOLLAR 01001110 RE 01111110 
ZERO 00011111 DOWN 01001111 READY 01111111 
A 00100000 EaUAL 01010000 RIGHT 10000000 
B 00100001 ERROR 01010001 SS 10000001 
C 00100010 FEET 01010010 SECOND 10000010 
D 00100011 FLOW 01010011 SET 10000011 
E 00100100 FUEL 01010100 SPACE 10000100 
F 00100101 GALLON 01010101 SPEED 10000101 
G 00100110 GO 01010110 STAR 10000110 
H 00100111 GRAM 01010111 START 10000111 
I 00101000 GREAT 01011000 STOP 10001000 
J 00101001 GREATER 01011001 THAN 10001001 
K 00101010 HAVE 01011010 THE 10001010 
L 00101011 HIGH 01011011 TIME 10001011 
M 00101100 HIGHER 01011100 TRY 10001100 
N 00101101 HOUR 01011101 UP 10001101 
0 00101110 IN 01011110 VOLT 10001110 
P 00101111 INCHES 01011111 WEIGHT 10001111 

Note: Address 8FH Is the last legal address In this word list. Exceeding address 8FH will produce pieces of unintelligible, 
Invalid speech data. 
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0.40 (max.) 

1 _1 ,..---........... 0 ----'-D~....&.._.__......,--L-~ 
0.80 (max.) 

1.13 (max.) BLX -r 
CONNECTOR 

(MALE) 

r 
__ ....... c_O.;..N_~_~_~_T...;.O_R.&...-__ ...... ____ ....... __ ""70.50(lm'n.) 

(FEMALE) 

Figure 2. BLX-281 Expansion Module Mounting Clearances (inches) 

Specifications 

Word Size 

Data - 8 bits 

110 Addressing 

Function 
Type of BLX Connector 

Operation Port Address 

Data Transfer Write XO-XF 
Interrupt Clear Read XO-XF 

Note: The port addresses are determined on the 
host BlC microcomputer. Refer to the Hardware 
Reference Manual for your host BlC microcompu· 
ter to determine the first digit (X) of the connector 
port address. 

Vocabulary - See Table I 

Interrupts -

Interfaces -

Speaker Port . 
Connector -

One interrupt request at end of 
speech sequence 

BLX Bus - All Signals TTL 
compatible 

Speaker Port - 1fzW audio signal 
into 4-8Q 

Standard miniature phone-jack 

Physical Height: 2.85 In. (7.24cm) 
Width: 3.70 in. (9.40cm) 
Depth 

BLX-281 Module 
0.80 in. (2.04cm) 

BLX-281 Module + Host Board 
1.13 in. (2.86cm) 

Weight: 1.7 oz. (48gm) 

Electrical +5VDC±5% @ 385mA 
+12VDC±5% @ 150mA 

Environmental Operating Temperature: O°C to 55°C 
Relative Humidity: 0% to 90%, 

non-condensing 

Ordering Information 
BLX-281 Speech Synthesis Expansion 

Module· 

Documentation 

420306414-001 BLX-281 Speech Synthesis 
Expansion Module User's Manual 

"The recipient of these products automatically receives a non-exclusive license under U.S. Patent Application 432,859 and any palent or patents issuing thereon to use 
such products. to assemble or otherwise Incorporate them Into further products which may be (;avered by said patent application, or any patent or patents issuing 
thereon, and to ,use, sell, or otherwise dispose of such preduGts': 

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 
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~National OIGITALKER™ Speech Synthesis 
~ Semiconductor 

0T10GO OIGITALKER™ Speech Synthesis Evaluation Board 

General Description 

The DIGITALKER™ (DT1000) speech synthesis evaluation 
board Is an extremely easy to use device for understand
Ing the operation and application of the DIGITALKER chip 
set in an end product. 

The DT1000 contains all components required to output 
:;p:~:::h :.;;;:;~ d:::-:-:=.:-::=!: ::. e~eech p!',:,ces~0r chj~ ~SPr.,; ? 

MAXI-ROMslil containing 138 individual words, linear 
filter, audio amplifier, keyboard, and a COPS ™ microcon
troller complete with stored data programmed to provide 
the various functions on the board. The only external hard
ware required for complete operation are a single 7V-11V 
power supply, a speaker of your choice for size and quali
ty, and this instruction sheet. 

The 2 speech MAXI-ROMs employed on the board contain 
a brief introductory phrase, 138 separate and individual 
words conSisting of numbers and letters of the alphabet, 
assorted useful nouns, verbs and tones; and 5 different in
dividual silence durations. (In constructing a phrase, dif
ferent silence dUrations between different ·words 
significantly affect the overall quality of the phrase.) 

DT1000 Conceptual Drawing 

MAXI·ROMO» Is a registered trademark of National Semiconductor Corp. 

DIGITALKERTM and COPSTM are trademarks of Natlonal$emlconductor Corp. 

A COPS program is provided which permits the user to: 1) 
sequentially output each word automatically; 2) repeat 
any desired word; 3) build and store several short phrases 
for outputting when desired; 4) output a "canned" phrase 
which permits insertions and changing of a word in the 
phr~se; 5) playa simple game which requires some in
teraction between the keyboard and the user; and 6) out-

Features 
• Only a single 7V-11V power supply and inexpensive 

loudspeaker required for total operation ' 

• 138 individually addressable words, applicable to many 
products 

• Programmed COPS processor permits 6 individual pro
gram modes 

• Demonstrates the extreme flexibility and ease of 
application of the DIGITALKER chip set 

• 1/2 watt audio amplifier on-board 
• Edge connector facilitates tying in to external proc

essor systllm (3M Company connector part number 
#3415) 

"The reCipient of these products automatically receives a non·exclusive license 
under U.S. Patent Application 432,859 and any patent or patents Issuing thereon to 
use such products, to assemble or otherwise Incorporate them into further prod· 
ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products': 

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 
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Absolute Maximum Ratings 
Operating Temperature Range 
VooSupplyVoltage 

0·Ct070·C 

12V 

Electrical Characteristics TA = 25·C 

Symbol Parameter Conditions 

Voo* Supply Voltage Vss-OV 

100 Supply Current Voo= 11V 

Amplifier Output Voo=11V,8!J 
Voo =9V,8!J 

• Important! voo must be regulated! 

Min Typ Max Units 

7.0 11.0 V 

0.6 A 

0.55 W 
0.50 W 

All pin connections, except for speaker out, and power supply. are TTL compatible. 

Functional Description 

INSTRUCTIONS FOR USE 

In any case, plus 7V to 11V direct current and ground must 
be brought to the respective pins on the edge connector of 
the DT1000 board. See Figure 1. . 

BASIC MODE OPERATIONS 

1. Power Up Mode. At power up, the DT1000 will say "This 
is DIGITALKER". You can make it repeat this phrase by 
depressing @ . Further depressions of @ will repeat 
the sam~ phrase until a new word address Is entered. 
From the DT1000 master word list (Table I) select the 
3-diglt address of the next word desired. The new word 
can be outputted simply by keying in Its 3·diglt address 
and ending with an @ key depression: For example, 
the word "pound" will be spoken as a result of key se· 
quence rn , lID , [ID , @' Additional depressions 
of A will repeat the word "pound". To output a new 
word, repeat the above sequence. 
If a mistake is made in the address entry of the desired 
word, simply continue to key in theqorrect address. The 
DT1000 only remembers the lasj.3 address digits keyed 

. prior to depression of the @ key. For example, If the 
desired word is "pound" and keys rn , lID ,lID were 
depressed, simply rekey the proper address followed 
by the \hi key as shown rn , (g) , 111 , @ . , 

In this Power Up Mode the ~ key will advance to the 
next sequential word In the DTl000 master word list, 
one word per depression, starting with the next sequen
tial word after the word selected by the entry sequence 
shown above. Continued depressions of ~ 
will manually sequence through the complete word list, 
wrapping arqund from address 143 to address 000 and 
ending up at the first word in the sequence. Depres· \ 
sions of the \hi key wi II take the DT1000 back to the 
starting word and address inputted via the entry se· 
quence shown above. Additional depressions of 
the ~ key would then sequence from that address 
again. Should a different start word be desired, you 
must enter the respective address of that word as is 
shown in the above sequence. 
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The DT1000 has 144 legal address locations, these are 
shown In the Master Word List as being addresses 000 
through 143. If an address of 144 through 199 is Inad· 
vertently keyed in, a response of "Please Try Again" will 
be outputted. Addresses 200 and up will put the DT1000 
into various operating modes as explained in 
paragraphs 2 through 7. 

2. Auto Repeat/Auto Cycle Mode. The Auto RepeatlCycle 
Mode Is entered by depressing lID [Q] [Q] and either 
the @ or ~ key. An additional depression of \hi will 
start an automatic repeating cycle of some word and 
address, until the \hi key is depressed and held 
momentarily. Depression of the [eJ key will start the 
automatic sequential cycling through the complete 
word list, beginning with the last word that was out
putted in either the Auto Repeat or Auto Cycle Mode. 
The sequential cycling will automatically continue 
through the entire word list, wrapping around from 
address 143 to address 000 each time until the @ or 
[eJ key is depressed and held momentarily. When in 
this mode you can choose a new starting word by enter· 
ing Its respective address and keying either the \hi or 
[eJ keys. 

3. Decimal to Hex Conversion Mode. Key sequence 
[ID [Q] [Q] \hi (or mJ ) will put the DT1oo0 Into a mode 
where it will automatically convert a decimal address 
into its hexadecimal equivalent. Once in this mode, key 
in the decimal address desired from the master word 
list, and depress the @ key twice. The respective word 
will be spoken on the first depression of \hi ,a further 
depression of IAl will cause its hexadecimal 
equivalent address to be spoken. 

A ~ key activation stand alone will set the DT1oo0 in· 
to the Power Up Manual Control Mode. 



Functional Description (Continued) 

4. Phrase Construct Mode. In this mode, it is possible to 
string respective word addresses together to create up 
to 3 phrases or short sentences and play them back 
upon demand. The phrase modes are @] [Q] [Q] , 
ffil [Q] [Q] , and lID [Q] [Q] . The 400 mode will store up 
to twelve word addresses, the 500 and 600 modes will 
store up to six addresses each. Initial phrase construc· 
tlon should begin with key sequence @] [Q] [Q] ffij 
where the ffij depression clears out any addresses 
previously stored. (In either the @] [Q] [Q] , 
ffillID [Q], rID [Q] [Q] sequence, the B key will 
"clear" out any previous addresses stored In those 
respective modes.) You are then ready to string ad· 
dresses together to construct a phrase. To construct 
the phrase, simply enter each address of the words 
desired In the phrase and in the sequence in which the 
words are to be outputted. Each word address keyed in 
must be followed by two depressions of the ffij key. 
The first depression of the 1m key will speak the word 
at that respective address to give you a chance to 
. "near" tne word oerore liS aaaress IS "Ioaoeo" InIO me 
0T1000 RAM. A second depression of the ffij key will 
store that address into the 0T1000 RAM and that word 
is then in position in thedesired phrase. If upon the first 
depression of the rnJ key the word outputted is not the 
desired word, simply key in the correct address and 
depress the rnJ key again, and again finally to store in· 
to the RAM. In the construction of a phrase a "beep" 
will occur during the addressing of the last possible ad· 
dress that will fit into that particular phrase mode. (If 
additional addresses are stili keyed in, they will replace 
the first addresses loaded In that same phrase.) 

An example of constructing a phrase is as follows for 
the desired word sequence "To start the time set the 
meter and go", key sequence: @] [Q] [Q] ffij/ 
IQJ IQJ lID rnJ rnJ / III ~ ffil rnJ ffij / III ~ !ID rnJ rnJ / 
III ~ lID rnJ ffij/III ~ III rnJ ffil./III ~ !ID ffij ffij/ 
III [Q] rID [§] [§] / [Q] rID [Q] [§] ffij/ [Q] !ID rID [§] ffij/. To 
output this same phrase, depress the IAJ key. The 
above phrase should automatically be spoken from the 
OT1000. Additional keyings of @ will output the same 
phrase until it is cleared out by a @] [Q] [Q] ffij 
sequence. 

Registers 500 and 600 can be loaded in exactly the 
same way as shown above, except that the 
ffil [Q] [Q] ffij and/or the !ID [Q] [Q] ffij keys must be 
addressed to load those respective registers. 
Remember that registers 500 and 600 are each only 6 
addresses long. 

If you chose to construct the exact phrase as shown 
above, you may have noticed that the spoken output 
was rather a mechanical output. This is primarily due to 
the fact that the words were butted against each other. 
In normal human speech, the brain puts durations of 
silence between the words to make the sentence flow 
smoothly. Since several durations of silence are pro· 
vided in the Master Word List, the actual quality of the 
same phrase can be significantly improved by adding 
durations of silence (also assigned addresses) be· 
tween the words. As one thinks about how the phrase is 
actually spoken, one might assume the approximate 
duration of silence between each word, and insert the 
closest duration of silence from the word list. It is found 
that some experimentation in this area can significant· 
Iy enhance the quality of the desired phrase. A hint in 
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this area would be that for words beginning with the 
letters K, T, P, B, 0, and G insert80 milliseconds silence 
prior to the words, and for words ending in the same 
letters as above, 40 milliseconds silence following the 
word is recommended. It is also possible in this mode 
to make any singular word plural by the addition of 
"SS" (Address 129) to the word. In this case no silence 
should be inserted between the word and the "SS". 

4A. Phrase Output Mode. As stated in (4) any phrase can 
be outputted by being in the 400, 500 or 600 modes and 
depressing the IAJ key. It is also possible to output all3 
phrases in any sequence. To "string" these phrases 
together, simply key in the phrase sequence desired 
concluded with two depressions of the IAJ key. Key 
sequence @] ffil !ID @ @ would output phrases at 
400-500 and 600 respectively. (This would indicate that 
a sentence 24 addresses long might be constructed.) 
Any phrase sequence might actually be chosen, 546, 
645, etc. For an interesting effect the same phrase 
could be outputted twice or even three times such as 
455. 444. 664. etc . 

5. Canned Phrase Mode. Key sequence III [Q] [Q] @ 
(or ffij) will output a fixed phrase "The time 
is __ P.M .... This gives you the ability to Insert the 
desired word(s) in the blank location. In this case 
"twelve OH one" might be appropriate .. While in 
the III [Q] [Q] IAJ mode simply key in the respective 
addresses of the words desired, inserting silences if reo 
quired, exactly the same as constructing a phrase in 
the 400-500 or 600 modes. To output the completed 
phrase, simply depress the IAJ key. To insert a new 
word sequence into the blank, key III lID lID rID to 
erase the original contents. Then enter the new word 
addresses as required. 

This mode demonstrates how a talking clock or a trip 
computer might work. Changing data can be inserted 
at the required time as a part of a fixed message. 

6. Reaction Timer Game. Key' sequence lID [Q] lID @ 
. (or rID ) enters you into a simp)e game which could con· 

ceptually be a real product. In this mode, the 0T1000 
speaks ten random numbers from zero to nine, with a 
pause between each number output. The game is to hit 
the respective key as fast as possible after the number 
has been called out. After the tenth and last number 
has been depressed, a tone is outputted and the total 
reaction time Is spoken as "seven point three two five 
seconds". Obviously, the game is to have the lowest 
possible total reaction time. Note that it is necessary to 
eventually hit the correct key for the number called out. 
If the wrong key is depressed, the OT1000 will not out· 
put another number until the correct key is depressed
meanwhile, time is accruing. It should also be noted 
that the random pauses between word outputs is not 
part of total elapsed time. 

To continue playing the game, keying the @ key will 
output a new set of numbers. To exit the game mode, 
depress the rID key. . 

7. Back to Power Up Mode. Key sequence lID lID lID @ 
(or rID ) will put the 0T1000 back into the Power Up 
Mode. Refer to mode (1.) explained in the earlier section 
of this data sheet for all operations covered by this 
mode. 

c 
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Functional Description (Continued) 

GENERAL COMMENTS 

1. The 0T1000 is always In one of the modes. To exit a 
mode, simply key in the control code of the next desired 
mode. 

2. "ss" (located at address 129) can make singular words 
plural. 

3. "Centi", "mllll", "re" are prefixes to make words like 
"centimeter"" "reset", etc. Some prefixes do not blend 
well dlrectlywlthsomew\lrds such as "mil II ampere". In 
these cases, insert an appropriate amount of silence 
between the words. 

4. High outpul volume can be obtained by supplying 11V 
. to power supply input (pin 50). 

SPEECH QUALITY 

The actual speech quality of the 0T1000 is affected by 
many factors. Certainly the quality is affected most 
significantly by the actual speaker and baffle chosen to 
output the final speech data. Although the OT1000 will 
drive most any size of "common" PM speakers, care ought 
to be made In the actual selection of the speaker, ANO Its 
respective baffle or enclosure. An unbaffled speaker will 
not give a true response, small speakers typically do not 
reproduce low frequencies. Truly, th'e most desirable com· 

blnation for best quality would be a medium size speaker 6 
inches to 12 inches in diameter, and housed in a solid 
wood enclosed baffle. 

One can actually "experiment" with the quality by trying 
various speaker. and baffle combinations. 

APPLICATION WITH EXTERNAL PROCESSOR 

The OT1000 Is designed so that It Is possible to access on· 
Iy the DIGITALKER portion of the board. Important: it is 
necessary to remove the COP402 from the DT1000 in this . 
mode. The DIGITALKER portion Is defined as the speech 
processor chip (SPC) and the speech ROM(s) which can· 
taln the actual vocabulary (see Table I): The inputs reo 
qulred to connect the DIGITALKER (and the vocabulary of 
the DT1000 board) to an external processor have been 
made available on the pin edge connector (refer to 
Flgure3). 

The following describes the function of all speech proc· 
essor chip (SPC) inputs and outputs, and all other inputs 
and outputs required for operation in this external proc· 
essor mode. Note: in the following descriptions and Table 
I, a low represents a logic zero (O.4V nominal) and a high 
represents a logic one (2.4V nominal). 

. CONNECTION REQUIREMENTS FOR EXTERNAL PROCESSOR APPLICATIONS 

Edge 
Connector 

Pin 
Number 

8 

3 
43 
45 
40 
13 
9 
16 
11 

34 

Function 

Chip Select (CS). The SPC is 
selected when CS Is low. It is 
only necessary to have CS low 
during a command to the SPC. It 
is not necessary to hold CS low 
for the duration of the 
speech data. 

Data Bus (SW1-SW8). 
SW1 (LSB) This is an 8·bit parallel 
SW2 binary data bus which 
SW3 accepts the binary ad· 
SW4 dress of the desired 
SW5 word. The binary ad· 
SW6 dresses are available 
SW7 from Table I and are 
SW8 (MSB) the same as the 

decimal address from 
the word list. Unused 
inputs must be can· 
nected to ground 
when used with 
external logic. 

Command Select (CMS). Tl)is line 
is used to specify the two 
commands to the SPC. 

CMS 
Command 

o 
Function 

Reset interrupt 
and start speech 
sequence 
Reset Interrupt 
only 
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Edge 
Connector 

Pin 
Number 

37 

50 

47 

7 

10 

Function 

Write Strobe (WR). This line 
latches the starting address (AO-A7) 
into a register, On the rising edge of 
the WR, the SPC starts execution 
of the command specified by CMS; 
The command sequence Is shown In 
the timing waveform section. If a 
command to start a new speech 
sequence is issued during a speech 
sequence, the new speech sequence 
will be started immediately. 

Power Supply Voltage (VDD). Plus 7V 
to 11V maximum, direct current, to 
SPC, filter ind amplifier sections., 
Important! Voo must be regulated! 

Ground (VSS). 

Interrupt Output (lNTR). This Signal 
goes high at the completion of any 
speech sequence. It is reset by the 
next valid command. It is also reset at 
powerup, 

Speaker Output. 40-80 1/2W at Voo, 
11.0V 



Functional Description (Continued) 

TABLE I. DT1000 MASTER WORD LIST 

Keyboard 
8-BII Binary 

Keyboard 
8-BII Binary 

Keyboard 
8·BII Binary 

Ward Addres. Ward Addrass Ward Addres. 
Addrass 

SW8 SW1 
Addrass 

SW8 SW1 
Address 

SW8 SW1 

t t r t r t 
THIS IS DIGITALKER 000 00000000 W 054 00110110 MILLI 108 01101100 
ONE 001 00000001 X 055 00110111 MINUS 109 01101101 
TWO 002 00000010 Y 056 00111000 MINUTE 110 01101110 
THREE 003 00000011 Z 057 001'11001 NEAR 111 01101111 
FOUR 004 00000100 AGAIN 058 00111010 NUMBER 112 01110000 
FIVE 005 00000101 AMPERE 059 00111011 OF 113 01110001 
SIX 006 00000110 AND 060 00111100 OFF 114 01110010 
SEVEN 007 000001 I 1 AT 061 00111101 ON 115 01110011 
EIGHT 008 00001000 CANCEL 062 00111110 OUT 116 01110100 
NINE 009 00001001 CASE 063 00111111 OVER 117 01110101 
TEN 010 00001010 CENT 064 01000000 PARENTHESIS 118 01110110 
ELEVEN 011 00001011 400HERTZ TONE 065 01000001 PERCENT 119 01110111 
TWELVE 012 00001100 80HERTZ TONE 066 01000010 PLEASE 120 01111000 
THIRTEEN 013 00001101 20MS SILENCE 067 01000011 PLUS 121 01111001 

l"'uUH-f.:.tl" 01'+ uvvuliiG ....... ,.,.. ...... , ........ .,."",.,0.1 .... , .............. noD a~000~00 POINT 122 01111010 

FIFTEEN 015 00001111 BOMS SILENCE 069 01000101 POUND 123 01111011 

SIXTEEN 016 00010000 160MS SILENCE 070 01000110 PULSES 124 01111100 

SEVENTEEN 017 00010001 320MS SILENCE 071 01000111 RATE 125 01111101 

EIGHTEEN 018 00010010 CENTI 072 01001000 RE 126 01111110 

NINETEEN 019 00010011 CHECK 073 01001001 READY 127 01111111 

TWENTY 020 00010100 COMMA 074 01001010 RIGHT 128 10000000 

THIRTY 021 00010101 CONTROL 075 01001011 ' SS(Note 1) 129 10000 0 01 

FORTY 022 00010110 DANGER 076 01001100 SECOND 130 10000010 

FIFTY 023 00010111 DEGREE 077 01001101 SET 131 10000011 

SIXTY 024 00011000 DOLLAR 078 01001110 SPACE 132 10000100 

SEVENTY 025 00011001 DOWN 079 01001111 SPEED 133 10000101 

EIGHTY 026 00011010 EQUAL 080 01010000 STAR 134 10000110 

NINETY 027 0001 1011 ERROR 081 01010001 START 135 10000111 

HUNDRED 028 00011100 FEET 082 01010010 STOP 136 10001000 

THOUSAND 029 00011101 FLOW 083 01010011 THAN 137 10001001 

MILLION 030 00011110 FUEL 084 01010100 THE 138 10001010 

ZERO 031 00011111 GALLON 085 01010101 TIME 139 10001011 

A 032 00100000 GO 086 01010110 
TRY 140 10001100 

B 033 00100001 GRAM 087 0101011 I 
UP 141 10001101 

C 034 00100010 GREAT 088 01011000 
VOLT 142 10001110 

D 035 00100011 GREATER 089 01011001 
WEIGHT (Nole 2) 143 10001111 

E 036 00100100 HAVE 090 01011010 
F 037 00100101 HIGH 091 01011011 
G 038 00100110 HIGHER 092 01011100 
H 039 00100111 HOUR 093 01011101 
I 040 00101000 IN 094 01011110 
J 041 00101001 INCHES 095 01011111 
K 042 00101010 IS 096 01100000 
L 043 00101011 IT 097 01100001 
M 044 00101100 KILO 098 01100010 
N 045 00101101 LEFT 099 01100011 
0 046 00101110 LESS 100 01100100 
P 047 00101111 LESSER 101 01100101 
Q 048 00110000 LIMIT 102 01100110 
R 049 00110001 LOW 103 01100111 
S 050 00110010 LOWER 104 01101000 
T 051 00110011 MARK 105 01101001 
U 052 00110100 METER 106 01101010 
V 053 00110101 MILE 107 01101011 

Note 1: "55" makes any singular word plural. 

Note 2: Address 143 is the last legal address in this particular word list. Exceeding address 1431n an external processor application will produce pieces 
01 unintelligible Invalid speech data. 
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• Even numbered edge connector pins are the top side of the DT1000 board, odd numbered pins are on 
bottom Side. 5O-pin edge connector part number: 3M Company #3415. 

•• The COP402 device must be removed from the socket for external processor applications. 

FIGURE 1. DT1000 DIGITALKER™ Evaluation Board Circuit Diagram 



AC Electrical Characteristics ~ 
(For Use in External Processor Application) TA = O·C to 70·C, Voo = 7V-11V, Vss = OV, unless otherwise specified. o 

8 
Symbol Parameter Min Max Units 

taw CMS Valid to Write Strobe 350 ns 

tcsw Chip Select ON to Write Strobe 310 ns 

tdw Data Bus Valid to Write Strobe 50 ns 

twa CMS Hold Time after Write Strobe 50 ns 

twd Data Bus Hold Time after Write Strobe 100 ns 

t_ Write Strobe Width (50% POint) 430 ns 

twss Write Strobe to Speech Output Delay 410 p's 

Note: Rise and fall times (10% to 90%) of MICROBUS TM signals should be 50 ns maximum. 

Timing Waveforms (Required in external processor applications) 

CMS=t VALID r.t== r 
I ',w -- OW'i-

cs \; 
!-=="tcsw 'ww-

WR 

Jt,r- -~d1= 
DATA BUS 
ISWl-SWBI VALID 

FIGURE 2. Command Sequence 

Typical Application 
EDGE CONNECTOR*-

PIN NUMBER 

VDD 5D I REGULATDR 15V 
7V-l1V L J 

47 1 GND ----t_----, r----
r< I 

3 I swrDD GND GND Vcc I 
43 I ~ I , SW2 I 45 ADDRESS 

SW3 
40 I SW4 " I 

~ 13 , 
SW5 I ~ 9 
SW6 MM54104 SPEECH I " 16 SPC ROM(,) l'l SW7 

i 11 , 
SWB I 34 

I 
CMS 

.A I 8 cs 
37 WR 

DATA I 7 .. 
INTERRUPT I I I SPEECH DUT 

K I 
' I 

I 
I L ___ _ _ _ _ ~T!!:.K~TM!!! ___ J 

SPEAKERi 
DUT 10 fiLTER AND * 50 pin edge connector part , AMPLIfiER number: 3M Company #3415 

-=-
Note: COP402 must be removed from DT1000 in this configuration. 

FIGURE 3. DIGITALKER™ Connections to External MICROBUS™ Processor 

MICROBUS ™ I,s a trademark of National Semiconductor Corp. 
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'?A National DIGITALKER™ Speech Synthesis 
~ Semiconductor 
DT1050/DT1053 DIGIJALKER™ Standard Vocabulary Kit 
General Description 
The DIGITALKER™ Is a speech synthesis system con- The "voice" output of the DT1050 is a highly inte"iglble 
slsting of several N-channel MaS integrated circuits. It male voice. The vocabulary is chosen so that It Is applica· 
contains a speech processor chip (SPC) and speech ROM ble to many products and markets. 
and when used with external filter, amplifier, and speaker, Features 
produces a system which generates high quality speech 
including the natural inflection and emphasis of the • COPSTM and MICROBUSTM compatible 
original speech. Male, female, and children's voices can 
be synthesized. ' 

The SPC communicates with the speech ROM, which con
tains the compressed speech data as we" as the frequen· 
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. 

With the addition of an external resistor, on-chip de· 
bounce is provided for use with a switch interface. 

An Interrupt is generated at the end of each speech se· 
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

The DT1050 is a standard DIGITALKER kit encoded with 
137 separate and useful words, 2 tones, and 5 different 
slience durations. (See the Master Word List Table I). The 
words and tones have been assigned discrete addresses, 
making It possible to output single words or words con
catenated into phrases or even sentences. 

• Designed to be easily interfaced to other popular 
microprocessors 

• 144 addressable expressions, including numbers 
• Natural inflection and emphasis of original speech 

• Addresses 128k of ROM directly 
• TTL compatible 
• On·chip switch debounce for interfacing to manual 

switches independent of a microprocessor 

• Interrupt capability for cascading words or phrases 
• Crystal controlled or externally driven oscillator 
• Available in complete kit (DT1050) or speech ROM only 

(DT1053) 

Applications 
• Telecommunications • Consumer products 

• Appliance • Clocks 
• Automotive • Language translation 
• Teaching aids • Annunciators 

Typical Applications 
7-11V Minimum Configuration Using Switch Interface 

1M 

NO 

VSS 

ADR 
0-13 

VSS VCC 

ADDRESS BUS 

SPC RDATA DATA BUS 
~---+-ISW1-B MM54104 1_81+-~;';';';---4 

INTR 

SPEECH 
ROM 

-1 

I 
I 
I 
I 

DIGITALKER 
KIT 

• Single pole 2 position 
momentary switch 

•• 4.0 MHz crystal Electro 
Dynamics Corp. HC18-20 pF 

DSC 
SPEECH IN 

DSC 
OUT I 

1M 

FILTER AND 
AMPLIFIER 

. _______ J 
l.5k "The recipient of these products' automatlc;:ally receives a non-exclusive license 

under U.S. Patent ApplicatIon 432,659 and any patent or patents Issuing thereon to 
use such products, to assemble or otherwise incorporate them 1nto further prod
ucts which may be covered by said patent application, or any patent or patents 
Issuing thereon, and 10 use, sell, or otherwise dispose of such products': 

Protected by U.S. Pat. No. 4124125, F.M. Mozer tlcenses available . 

SPEAKER 

OIGITALKER TM, M'ICROBUS TM and COPS ™ are trademarks of National Semiconduct; Corp. 
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Absolute Maximum Ratings· 
Storage Temperature Range -65·Cto +150·C VoltageatAny Pin 12V 
Operating Temperature Range 0·Ct070·C Operating Voltage Range, Voo-Vss 7Vt011V 

Voo-Vss 12V lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics· TA = o·c to 70·C, Voo= 7V-11V, Vss = OV, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

VIL Input low Voltage -0.3 0.8 V 

VIH Input High Voltage 2.0 Voo V 

VOL Output low Voltage IOL=1.6 mA 0.4 V 

VOH Output High Voltage IOH= -1001'A 2.4 5.0 V 

VILX Clock Input low Voltage -0.3 1.2 V 

VIHX Clock Input High Voltage 5.5 Voo V 

100 Power Supply Current 45 mA 

IlL Input leakage ::!: It) 1''' 

IILX Clock Input leakage ± 10 p.A 

Vs Silence Voltage 0.45Voo V 

VOUT Peak to Peak Speech Output Voo= 11V 2.0 V 

RexT External load on Speech RexT Connected Between Speech 50 kO 
Output Output and VSS 

AC Electrical Characteristics· TA = o·c to 70·e, Voo = 7V-11 v, Vss = OV, unless otherwise specified. 

Symbol Parameter Min Max Units 

taw CMS Valid to Write Strobe 350 ns 

tcsw Chip Select ON to Write Strobe 310 ns 

tdw Data Bus Valid to Write Strobe 50 ns 

twa CMS Hold Time after Write Strobe 50 ns 

"iwd Data Bus Hold Time after Write Strobe 100 ns 

tww Write Strobe Width (50% POint) 430 ns 

t red ROM EN ON to Valid ROM Data 2 P.s 

twss Write Strobe to Speech Output Delay 410 P.s 

It External Clock Frequency 3.92 4.08 MHz 

Note: Rise and fall limes (10% to 90%) of MICROBUS signals should be 50 ns maximum. 
'SPC characteristics only. ROM characteristics covered by separate data sheet for MM52164. 

Timing Waveforms 
Command Sequence 

CMs=i VALID 

-~~ taw I -
CS \: 

f==.'M tww-

Wii 

Jt- ~~dt 
DATA BUS 
(SW1-B) 

VALID _ 
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· Timing Waveforms (Continued) 

ROM Data Timing 

ADR 0-13 X ~ALlD ADDRESS \r-___ ...J '--_______ "--

HOMEN\. / \ I 
-itredl- . -Itndl-

RDMDATA1-B~ 

Nota 1: ROM Data 1-8 can go valid any time after ADR 0-13 changes, however II musl be valid wllhin Ihe Ired spec 
and remain valid unlll ROMEN goes high. 

Functional Description 

The following describes the function of all SPC input and 
output pins. 

Note: In the following descriptions, a low represents a 
logic 0 (0.4V nominal), and a high represents a logic 1 (2.4V 
nominal). 

INPUT SIGNALS 

Chip Select (CS): The SPC is selected when CS Is low. It Is 
only necessary to have CS low during a command to the 
SPC. It is not necessary to hold CS low for the duration of 
the speech data. 

Data Bus (SW 1-8): This is an 8-bit parallel data bus which 
contains the starting address of the speech data. 

Data bus Inputs SW 1-SW 8 accept an 8-bit binary address 
which is the address of the word which Is to be "spoken" 
from the DIGITALKER output. See the Master Word List 
(Table I) for the complete listing of words and their respec
tive addresses. If the entire word list is not used, unused 
inputs must be connected to Vss. 

Command Select (CMS): This line specifies the two com· 
mands to the SPC. 

CMS Function 
o Reset interrupt and start speech sequence 
1 Reset Interrupt only 

Write Strobe (WR): This line latches the starting address 
(SW 1-SW 8) into a register. On the rising edge of the WR, 
the SPC starts execution of the command specified by 
CMS. The command sequence Is shown in the timing 
waveform section. If a command to start a new speech se: 
quence is issued during a speech sequence, the new 
speech sequence will be started Immediately. When con· 
necting WR to a switch, it must be a single pole 2 position 
switch as shown on page 1. 

ROM Data (RDATA 1-8): This is an 8-bit parallel data bus 
which contains the speech data from the speech ROM. 

13-16 

OUTPUT SIGNALS 

Interrupt ONTR): This signal goes high at the completion 
of any speech sequence. It Is reset by the next valid com
mand.lt is also reset at power up. 

ROM Address (ADR O-ADR 13): This is a 14-blt parallel 
bUll that supplies the address ·of the speech data to the 
speech ROM. 

ROM Enable (ROMEN): For low power applications, this 
line can be used to drive a transistor that switches the sup
ply for static speech ROMs. See ROM data timing. 

Speech Output (Speech Out): This is the analog output 
that represents the speech data. See frequency response 
section. 

INPUT/OUTPUT SIGNALS 

Clock Input/Output (OSC IN, OSC OUT): These two pins 
connect the main timing reference (crystal) tothe SPC. 

PHRASE QUALITY 

In normal human speech, the brain puts durations of 
silence between the words to make the sentence flow 
smoothly. Since several durations of silence are provided 
In the Master Word List, the actual quality of any phrase 
can be Significantly improved by adding durations of 
silence (also assigned addresses) between the words. As 
one thinks about how the phrase is actually spoken, one 
might assume the approximate duration of silence be
tween each word, and insert the closest duration of 
silence from the word list. A hint in this area would be that 
for words beginning with the letters, K, T, P, B, p, and G 
Insert 80 milliseconds silence prior to the words, and for 
words ending in the same letters as above, 40 milli
seconds silence following the word Is recommended. 



Functional Description (Continued) 
I 

TABLE I. DTtOSO MASTER WORD LIST" 

8·Bit Binary 8·Bit Binary 8·Bit Binary 
Word Address Address Address 

SW8 SW1 SW8 SW1 SW8 SW1 .. -, ,- ---, r- , 
THIS IS DIGITALKER 00000000 Q 00110000 IS 01100000 
ONE 00000001 R 00110001 IT 01100001 
TWO 00000010 S 00110010 KILO 01100010 
THREE 00000011 T 00110011 LEFT 01100011 
FOUR 00000100 U 00110100 LESS 01100100 
FIVE 00000101 V 00110101 LESSER 01100101 
SIX 00000110 W 00110110 LIMIT 01100110 
SEVEN 00000111 X 00110111 LOW 01100111 
EIGHT 00001000 Y 00111000 LOWER 01101000 
NINE 00001001 Z 00111001 MARK 01101001 
TEN 00001010 AGAIN 00111010 METER 01101010 
ELEVEN 00001011 AMPERE 00111011 MILE 01101011 
TVVtOLVt: UUUUllUU ANU UUllllUU iviiLLi v I I vii VV 
THIRTEEN 00001101 AT 00111101 MINUS 01101101 
FOURTEEN 00001110 CANCEL 00111110 MINUTE 01101110 
FIFTEEN 00001111 CASE 00111111 NEAR 01101111 
SIXTEEN 00010000 CENT 01000000 NUMBER 01110000 
SEVENTEEN 00010001 400HERTZ TONE 01000001 OF 01110001 
EIGHTEEN 00010010 80HERTZ TONE 01000010 OFF 01110010 
NINETEEN 00010011 20MS SILENCE 01000011 ON 01110011 
TWENTY 00010100 40MS SILENCE 01000100 OUT 01 1 1010-0 
THIRTY 00010101 80MS SILENCE 01000101 OVER 01110101 
FORTY 00010110 160MS SILENCE 01000110 PARENTHESIS 01110110 
FIFTY 00010111 320MS SILENCE 01000111 PERCENT 01110111 
SIXTY 00011000 CENTI 01001000 PLEASE 01111000 
SEVENTY 00011001 CHECK 01001001 PLUS 01111001 
EIGHTY 00011010 COMMA 01001010 POINT 01111010 
NINETY 00011011 CONTROL 01001011 POUND 01111011 
HUNDRED 00011100 DANGER 01001100 PULSES 01111100 
THOUSAND OP011101 DEGREE 01001101 RATE 01111101 
MILLION 00011110 DOLLAR 01001110 RE 01111110 
ZERO 00011111 DOWN 01001111 READY 01111111 
A 00100000 EQUAL -, 01010000 RIGHT 10000000 
B 00100001 ERROR 01010001 SS (Note 1) 10000001 
C 00100010 FEET 01010010 SECOND 10000010 
D 00100011 FLOW 01010011 SET 10000011 
E 00100100 FUEL 01010100 SPACE 10000100 
F 00100101 GALLON 01010101 SPEED 100001'01 
G 00100110 GO 01010110 STAR 10000110 
H 00100111 GRAM 01010111 START 10000111 
I 00101000 GREAT 01011000 STOP 10001000 
J 00101001 GREATER 01011001 THAN 10001001 
K 00101010 HAVE 01011010 THE 10001010 
L 00101011 HIGH 01011011 TIME 10001011 
M 00101100 HIGHER 01011100 TRY 10001100 
N 00101101 HOUR 01011101 UP 10001101 
0 00101110 IN 01011110 VOLT 10001110 
P 00101111 INCHES 01011111 WEIGHT (Note 2) 10001111 

• DT1050 is a complete kit including MM54104 SPC; DT1053 is SSR1 and SSR2 speech ROMs only. 

Note 1: "S8" makes any singular word plural 

Nola 2: Address 143 is the last legal address in this particular word list. Exceeding address 143 will produce pieces of unintelligible invalid speech data. 
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Crystal Circuit Information 
Typical Crystal Oscillator Network External Clock Input (4.0 MHz) 

SPC 

VDO SPC 

~TO 
CIRCUIT 

EXTERNAL ....;1 _ 
CLOCK -=-

TO 
Timing Min Units 

R2 CIRCUIT tXH tOO ns 

T C2 
-=- Crystal R1 R2 C1 C2 

4.0 MHz tM 1.Sk to-30 pF 40-60 pF 

tXL 100 ns 

(4.0 MHz crystal manufactured by Electro Dynamics Corp. PIN HC18·20 pF) 

SPC Block and Connection Diagrams 

OSC IN 

DSC OUT 

~ 

WIi 
iiiim 

INTR 

SWB (MSB) 

SW7 

SW6 

SW6 

SW4 

SW3 

SW2 

SW1(LSB) 

RDATA 0 (LSBI 

'RDATAl 

RDATA2 

RDATA 3 

Vss 

17 

18 

19 

2D 

SWl-8 

RDM 
DATA 1-8 

~ 

Wii 

CMS 

INTR 

Dual·ln·Line Package 

SPC 
(MM541 04) 

TOP VIEW 

CONTROL 
LOGIC 

40 

39 
VDD 

SPEECH DUT 

ADR t3 (MSBI 

ADRt2 

ADR11 

ADRtO 

ADR 9 

ADR 8 

ADR 7 

ADR 6 

ADR5 

ADR 4 

ADR 3 

ADR 2 

ADRl 

ADR 0 (LSBI 

RDATA 7 (MSBI 

ROATA6 

RDATA5 
21 

RDATA4 

1---_ AOR 0-13 

OSC IN 

OSC OUT 

ROMEN 

SPEE.CH OUT 

PROGRAMMABLE 
GAIN 
AMPLIFIER 

. Dual·ln·Llne Package 

A7 24 V CC (4.75V-5.25VI 

A6 
23 

AB 

A5 22 A9 

A4 
21'.1 

AI2 

A3 20 CSt (At31 

A2 MM52164* 
19 

AtO 
SSRt 
AND t8 

AI SSR2 Atl 

t7 
AO D8 

Dl. 
16 

D7 

D2 
10 15 

06 

03 
11 14 

05 

GNO 
12 13 

04 

TOPVIEW 

• For specific ROM device Information. see MM52t64 data sheet. 
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7V-l1V (REGULATED) 
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2~ 
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'M 
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~ o Applications Information 
,.. , Frequency Response of Combined Amplifier and Speaker 

b o 
it) 
o 
§ 

iD -20 
:!i! .. 
Ci ... 
~ 

> 
;:: 

~ -40 
IX: 

/ -... ........ 20 dBroECAOE U.l H 
/,./ - ~ ~ 60 dBroECADE 

V 

V~ ~ """ NOTE]p-

/ IiW 40 dB/OECADE 

1/ NOTE 2 

V \ 
-60 

10 100 Ik 10k 

FREnUENCY (H,) 

Note 1: This curve is the desired response of the entire audio system Including speaker. 
Minimum response is a low pass filter with a cutoff frequency of 200 Hz. For an audio system 
with a natural cutoff frequency around 200 Hz, this filter can be eliminated. This cutoff fre
quency may be tuned for the particu lar voice bei ng synthesized. For a low pitched male voice 
it may be 100 Hz, while for a high pitched female or child's voice it might be 300 Hz. 
Note 2: This is optional filtering that can be eliminated by proper selection of the speaker. If 
this 2 pole response is electronically produced, it should be adjusted as described in Note 1. 
Note 3: This' is optional filtering that can be eliminated for simpler systems. The acceptable 
range for this cutoff frequency is 6000 Hz-8000 Hz. 

Typical Applications (Continued) 

VCC 

DIGITALKER System Using COP420 Interface 

7V-l1V 

VCC·5V 

VOD 

LPORTI-----~SWI-B RD~~ i+---.... -IDATA 

SPC 
DI\-----+lWR MM54104 

VCC 

SYSTEM 
I/O C0P420' D21-----~CMS :~~ 

SPEECH OUT 
(FROM SPC) 

200Hz= __ 1_ 
27rRC 

* LM346 or equivalent 

Dol-----.Il:S" 
IN31+-----II~TR 

ADR 13 

SPEECH 

Minimum Filter Circuit' 
VDD 

13-20 

VSS 

FILTER 
AND 

AMPLIFIER 
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Typical Applications (Continued) 
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~National 
~ Semiconductor 

DIGITALKER™Speech SynthesiS 

DT1051/DT1054 DIGITALKER™Speech Evaluation Kit 

General Description 
The DIGITALKER™ is a speech synthesis system con
sisting of several N-channel MOS integrated circuits. It 
contains a speech processor chip (SPC) and speech ROM 
and when used with external filter, amplifier, and speaker, 
produces a system which generates high quality speech 
including the natural inflection and emphasis of the 
original speech. Male, female, and children's voices can 
be synthesized. ' 

The SPC communicates with the speech ROM, which con
tai ns the compressed speech data as well as the frequen
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. 

With the addition of an external resistor, on-chip de
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each speech se
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

The DT1051 is a standard DIGITALKER kit encoded with 
18 separate and addressable phrases. The phrases lend 
themselves to a variety of products, but are primarily for 
demonstration purposes, portraying DIGITALKER's 
unique ability to produce high quality male, female, or 
child's voices. 

The DT1051 demonstrates the effects of digitizing com
plete phrases as opposed to individual words at single 

011051 Vocabulary* 

Byte Address Message Voice 
SW8 SW1 

00000000 BASSON MUSIC N/A 
000000'01 THIS IS NS DIGITALKER FEMALE 
00000010 THE TIME IS 8:43 PM FEMALE 
00000011 EMERGENCY, CALL 911 FEMALE 

,00000100 SELECT TEMPERATURE FEMALE 
00000101 SELECT COOKING TIME FEMALE 
00000110 THE NUMBER YOU MALE 

REACHED HAS BEEN 
CHANGED, PLEASE CALL 
408 737-5000 

00000~11 WARNING THE BRAKE MALE 
FLUID IS LOW 

00001000 PLEASE FASTEN YOUR MALE 
SEATBELT 

addresses. Complete phrases produce very natural and 
highest quality speech, much like a tape reeordillg of a 
phrase or sentence. 

Features 
• COPSTM and MICROBUSTM compatible 
• Designed to be easily interfaced to other popular 

microprocessors 

• 18 addressable high quality phrases 
• Natural inflection and emphasis of original sjjleech 
• Addresses 128k of ROM directly 

• TIL compatible 
• On-chip switch debounce for interfacing. to manual 

switches independent of a microprocessor 

• Interrupt capability for cascading words or phrases 
• Crystal controlled or externally driven oscillator 
• Available in complete kit (DT1051) or speech ROMs only 

(DT1054) 

Applications 
• Telecommunications • Consumer products 

• Appliance • Clocks 
• Automotive • Language translation 

• Teaching aids • Annunciators 

Byte Address Message Voice 
SW8 SW1 

00001001 CHECK OIL LEVEL MALE 
00001010 CHECK COOLANT LEVEL MALE 
00001011 CHECK FUEL LEVEL MALE 
0000110Q DOOR OPEN MALE 
00001101 DEFROST MALE 
00001110 GOING UP MALE 
00001111 FIRST FLOOR MALE 
00010000 PLEASE CALL YOUR OFFICE MALE 
00010001 I'M CUTE, AREN'T I? CHILD 

END OF VOCABULARY 

·OT1051 is a complete kit including MM54104 SPC; OTt054 is SSR3 and SSR4 speech ROMs only. 

"The recipient of these products' automatically receives a non·exclusive license 
under U.S. Patent Application 432,859 and any patent or patents Issuing thereon to 
use such products, to assemble or otherwise Incorporate them Into further prod
ucts whIch may be covered by said patent application, or any patent or palents 
issuing thereon, and to use, selt, or otherwise dispose of such products': 

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 

DIGITALKERTM, MICAOBUS™ and COPSTM are trademarks of National Semiconductor Corp. 
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,~National OIGITAi...KER™Speech Synthesis 
~ Semiconductor 

011052/0T1055 OIGITALKER™ Basic Numbers Kit 

General Description 
The DIGITALKERTM is a speech synthesis system con
sisting of several N-channel MOS integrated circuits. It 
contains a speech processor chip (SPC) and speech ROM 
and when used with external filter, amplifier, and speaker, 
produces a system which generates high quality speech 
including the natural inflection and emphasis of the 
original speech. Male, female, and children's voices can 
be synthesized. 

The SPC communicates with the speech ROM, which con
tains the compressed speech data as well as the frequen
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. 

With the addition of an external resistor, on-chip de
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each llpeech se
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

The DT1052 is a useful, low cost standard DIGITALKER 
kit, encoded with the numbers 0 through 9, the word 
pOint, and several silence durations, located at in
dividual addresses. 

These numerical outputs can be applicable to many con
sumer and industrial products where numbers are fre
quently displayed. 

DT1052 Vocabulary 

Features 
• COPSTM and MICROBUSTM compatible 
• Designed to be easily interfaced to other popular 

microprocessors 

• 15 addressable expressions, Including silences 
• Natural inflection and emphasis of original speech 
• Addresses 16k of ROM directly 

• TTL compatible 
• On-chip switch debounce-for interfacing to manual 

switches independent of a microprocessor 
• Interrupt capability for cascading words or phrases 
• Crystal controlled or externally driven oscillator 
• Available in complete kit (DT1052) or speech ROM only 

(DT1 055) * 

Applicati0r:-s 
• Telecommunications 

• Appliance 
• Automotive 
• Counters 
• Consumer products 
• Instrumentation 

Byte Address 
SW8 SW1 Message 

o 0 0 0 0 0 0 0 ZERO 
00000001 ONE 
00000010 TWO 
o 0 0 0 0 0 1 1 THREE 
o 0 0 0 0 1 0 0 FOUR 
o 0 0 0 0 1 0 1 FIVE 
00000110 SIX 
o 0 0 0 0 1 1 1 SEVEN 

o 0 0 0 1 0 0 0 EIGHT 
0000 1 001 NINE 
o 0 0 0 1 0 1 P POINT 
o 0 0 0 1 0 1 1 20 ms SILENCE 
o 0 0 0 1 1 0 0 40 ms SILENCE 
o 0 0 0 1 1 0 1 80 ms SILENCE 
00 0 0 1 1 1 0 160 ms SILENCE 
00001 11 1 320 ms SILENCE 

"The recipient of these products automatically receives a non..axclusive license 
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to 
US" such products. to assemble or otherwise incorporate them Into further prOd· 
ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products'~ 

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 

* OTt052 Is a complete kit Including MM54104 SPC; OTt055 Is MM52116SHRL speech ROM only_ 

DIGITALKER TM, MICROBUS™ and COPS TM are trademarks of National-Semiconductor Corp. 
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,Recommended Schematic Diagram 
7V-llV IREGUlATED) 

V •• -----1~------------t_----~_1~------------------------__, 
I 

I 5V J REGULATOR 

I ,._.!.. , 
L-fi' • ":o!--

r---tv-C-C.-.-V--~'~ 

AI 26 

A2" 
Al 28 

A4 29 

:: ~~~~'--==--==--::=--::=--::=::::=::--:::~I-'I 
AI 33 ! 
"" 34 ! 

~~; 1"::.5 ____________ ., 

SPC 
MM54104 

::;i::hl .I 
r 211,.1 ID 19 22 2l , 

A7 

, I 

A' A. 

12 ~ 
CS CS CS AID AI AI 

MM5Z116SHRl/N 

_ 01 02 D3 04 os 0& D7 .. 
1'8 - 91 "j "I 13 14 15 18 11 

RDATA1~ 

RDATA2,~'~7 ===~~ 
ROAIA ljJl 
RDATA4"'~' ____________ .J 

ROAlA 51"""' ______________ ..... 
RDATA &"ZZ~ ________________ .J 

RDATA 71"::.' __________________ .--. 

ROAIA .,,'~.----------------------...I 

z go 
I.Sk -

'M 

4MHz 

J:~D~_ 
.. ,f ""r-.,.. ",f 

..I.. ~ 

• • , 7 , 
A4 AI A2 A' AD 24 

T"'" 

• LM346 or equivalent 

Refer to MM54104 and MM52116 data sheets for complete specifications on electrical and 
timing characteristics. 
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~ National DIGITALKER™Speech Synthesis 
~ Semiconductor 
DT1056~DT1057 DIGITALKER™ Standard Vocabulary Kit 
General Description 
The DIGITALKER™ is a speech synthesis system con
sisting of several N-channel MaS integrated circuits_ It 
contains a speech processor chip (SPC).and speech ROM 
and when used with external filter, amplifier, and speaker, 
produces a system which generates high quality speech 
including the natural inflection ·and emphasis of the 
original speech. Male, female, and children's voices can 
be synthesized. . 

The SPC communicates with the speech ROM, which con
tains the compressed speech data as well as the frequen
cy and amplitude data required for speech olltput. Up to 
128k bits of speech data can be directly accessed. 

With the addition of an external resistor, on-chip de
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each speech se
quence so that several sequences· or words can be 
cascaded to form different speech expressions. 

The DT1056/DT1057 is a standard DIGITALKER kit en-. 
coded with 131 separate and useful words (see the Master 
Word List Table I) and when used with the DT1050 
Standard Vocabulary Kit, provides a library of 274 useful 
words. The words have been assigned discrete addresses, 
making it possible to output single words or words con
catenated into phrases or even sentences. 

Typical Applications 

The "voice" output of the DT1056/bT1057 is a highly in
telligible male voice. The vocabulary is chosen so that it is 
applicable to many products and markets. 

Features 
• Easily adaptable to DT1050 Standard Vocabulary Kit 

• 131 useful words 
• COPSTM and MICROBUSTM compatible 

• Designed to be easily interfac.ed. to other popular 
microprocessors 

• Natural inflection and emphasis of original speech 
• Addresses 128k bits of ROM directly 

• TTL compatible 
• On-chip switch debounce for interfacing to manual 

switches independent of a microprocessor 

• Interrupt capability for cascading words or phrases 
• Crystal controlled or externally driven oscillator 
• Available in complete kit (DT1056) or speech ROMs only 

(DT1057) 

Applications 
• Telecommunications • Consumer products 

• Appliance • Clocks 
• Automotive • Language translation 

• Teaching aids • Annunciators 

Minimum Configuration Using Switch Interface 

1V-11V 

"'Single pole 2 position 
momentary switch 

* ... 4.0 MHz crystal Electro 
Dynamics Corp. HC1B-20 pF 

1M 

---- :-.1 
Wli 

VDD Vss Vss Vee I 
ADDRESS8US 

ADRO-13 I 
SPC 

INTR MM54104 

eMS 

cs osc 
SPEECH IN 

1M 

RDATA DATA BUS SPEECH I 1-' ROM DIGITALKER 
KIT 

I 
osc I OUT _______ J 

1.5k 

"The reCIpient of these products automatically receives a non-exclusive license 
under U S. Patent Application 432,859 and any patent or patents Issuing thereon to 
use such products, to assemble or otherwise incorporate them into further prod· 
ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products': 

Protected by U.S. Pat. No. 4124125, EM. Mozer licenses available. 

SPEAKER 

DIGITALKERTM, MICROBUS™ and COPSTM are trademarks of National Semiconductor Corp 
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Absolute Maximum Ratings* 
Storage Temperature Range -65°Cto +150°C Voltage at Any Pin 12V 
Operating Temperature Range 0°Cto70°C Operating Voltage Range, Voo-Vss 7Vt011V 

Voo-Vss 12V Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics" TA = O°C to 70°C, Voo = 7V-11V, Vss = OV, unless-otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

VIL Input Low Voltage -0.3 0.8 V 

VIH Input High Voltage 2.0 Voo V 

VOL Output Low Voltage IOL= 1.6 mA 0.4 V 

VOH Output High Voltage IOH= -1001'A 2.4 5.0 V 

VILX Clock Input Low Voltage -0.3 1.2 V 

VIHX Clock Input High Voltage 5.5 Voo V 

100 Power Supply Current 45 mA 

IlL Input Leakage ±10 I'A 

Ill)( Clock Input Leakage ±10 I'A 

Vs Silence Voltage 0.45Voo V 

VOUT Peak to Peak Speech Output Voo=11V 2.0 V 

REXT External Load on Speech REXT Connected Between Speech 50 krl 
Output Output and Vss 

AC Electrical Characteristics* TA = O°C,to 70°C, Voo = 7V-11V, Vss = OV, unless otherwise specified. 

Symbol Parameter Min Max Units 

taw CMS Valid to Write Strobe 350 ns 

tcsw Chip Select ON to Write Strobe 310 ns 

tdw Data Bus Valid to Write Strobe 50 ns 

twa CMSHold Time after Write Strobe 50 ns 

twd Data Bus Hold Time after Write Strobe 100 ns 

tww Write Strobe Width (50o/~ Point) 430 ns 

t red RaMEN ON to Valid ROM Data 2 I'S 

tW5S Write Strobe to Speech Output Delay 410 I'S 

ft External Clock Frequency 3.92 4.08 MHz 

Note:, Rise an<;1 fall times (10% to 90%) of MI~ROBUS signal~ should be 50 ns maximum. 

·SPC characteristics only. ROM characteristics covered by separate data sheet for MM52164. 

Timing Waveforms 
Command Sequence 

CMs=t VALID 

twF 
. ~ t.w -

cs ~"w-~tww-

-
WR 

:j tdw~ r- tWdr DATA BUS X VAllO {SW l-B} 
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Timing Waveforms (Continued) 

ROM Data Timing 

ADRO-I3 X VALID ADDRESS V-___ -J 1.-______ "--

RnIDI\ I \ I 
-I 'red 1--1 ... , \-

RDM DATA I-I 

Notet: ROM Data 1-8 can go valid any time after ADRO-13 changes, however It must be valid within the tred spec and remain valid until ROMEN goes high. 

Functional Description 

The following describes the function of all SPC Input and 
output pins. ' 

Note: In the following descriptions, a low represents a 
logic 0 (O.4V nominal), and a high represents a logic 1 (2.4V 
nominal). 

INPUT SIGNALS 

Chip Select (CS): The SPC Is selected when as Is low. It is 
only necessary to have CS low during a command to the 
SPC. It Is not necessary to hold CS low for the duration of 
the speech data. 

Data Bus (SW 1-8): This Is an 8-blt parallel data bus which 
contains the starting address of the speech data. 

Data bus inputs SW 1-SW B accept an 8-bit binary address 
which is the address of the word which Is to be "spoken" 
from the DIGITALKER output. See the Master Word List 
(Table I) for the complete listing of words and their respec
tive addresses. If the entire word list is not used, unused 
inputs must be ,connected to Vss. 

Command Select (CMS): This line specifies the two com
mands to the SPC. . 

CMS ,Function 
o Reset Interrupt and start speech sequence 
1 Reset interrupt only 

Write Strobe (WR): This line latches the starting address 
(SW 1-SW 8) into a register. On the rising edge of the WR, 
the SPC starts execution of the command specified by 
CMS. The command sequence Is shown in the timing 
waveform section. If a command to start a new sp~ch se
quence 15 Issued during a speech sequence, the new 
speech sequence will be started immediately. When con
necting WR to a switch, It must be a Single pole 2 position 
switch as shown on page 1. 

ROM Data (RDATA 1-8): This is an B-bit parallel data bus 
which contains the speech data from the speech ROM. 

13-28 

OUTPUT SIGNALS 

Interrupt (lNTR): This signal goes high at the completion 
of any speech sequence. It Is reset by the next valid com
mand.lt Is also reset at power up. 

ROM Address (ADR O-ADR 13): This Is a 14-bit parallel 
bus that supplies the address of the speech data to the 
speech ROM. 

ROM Enable (ROMEN): For low power applications, this 
line can be used to' drive a transistor that switches the sup
ply for static speech ROMs. See ROM Data Timing. 

Speech Output (Speech Out): This is the analog output 
that represents the speech data. See frequency response 
section. 

INPUT/OUTPUT SIGNALS 

Clock Input/Output (OSC IN, OSC OUT): These two pins 
connect the main timing reference (crystal) to the SPC. 

PHRASE QUALITY 

In normal human speech, the brain puts durations of 
silence between the words to make the sentence flow 
smoothly. Since several durations of silence are provided 
'In the Master Word List, the actual quality of any phrase 
can be Significantly improved by adding durations of 
silence (also assigned addresses) between the words. As 
one thinks about how the phrase is actually spoken, one 
might assume the approximate duration of silence be
tween each word, and Insert the closest duration of 
silence from the word list. A hint in this area would be that 
for words beginning with the leiters, K, T, P, B, 0, and G 
insert 80 milliseconds silence prior to the words, and for 
words ending in the same leiters as above, 40 milli
seconds silence following the word is recommended. 



· Functional Description (Continued) 

TABLE I. DT1056/DT1057* MASTER WORD LIST 

} 8·Bit Binary 8·Blt Binary 8·Bit Binary 
Word Address Word Address Word Address 

SW8 SW1 SW8 SW1 SW8 SW1 
r- ---. r- --, r- -, 

ABORT 00000000 FARAD 00101100 PER 01011000 
ADD '00000001 FAST 00101101 PI CO 01011001 
ADJUST 00000010 FASTER 00101110 PLACE 01011010 
ALARM 00000011 FIFTH 00101111 PRESS 01011011 
ALERT 00000100 FIRE 00110000 PRESSURE 01011100 
ALL 00000101 FIRST 00110001 QUARTER 01011101 
ASK 00000110 FLOOR 00110010 RANGE 01 01 1 11' 0 
ASSISTANCE 00000111 FORWARD 00110011 REACH 01011111 
ATIENTION 00001000 FROM 00110100 RECEIVE 01100000 
BRAKE 00001001 GAS 00110101 RECORD 01100001 
BUTTON 00001010 GET 00110110 REPLACE 01100010 
BUY uuuvivii Gvii~G CC~~!!~~1 ~='!=!=!S= 01100011 
CALL 00001100 HALF 00111000 ROOM 01100100 
CAUTION 00001101 HELLO 00111001 SAFE ()1100101 
CHANGE 00001110 HELP 00111010 SECURE 01100110 
CIRCUIT 00001111 HERTZ 00111011 SELECT 01100111 
CLEAR 00010000 HOLD 00111100 SEND 01101000 
CLOSE 00010001 INCORRECT 00111101 SERVICE 01101001 
COMPLETE 00010010 INCREASE 00111110 SIDE 01101010 
CONNECT 00010011 INTRUDER 00111111 SLOW 01101011 
CONTINUE 00010100 JUST 01000000 SLOWER 01101100 
COPY 00010101 KEY 01000001 SMOKE 01101101 
CORRECT 00010110 LEVEL 01000010 SOUTH 01101110 
DATE 00010111 LOAD 01000011 STATION 01101111 
DAY 00011000 LOCK 01000100 SWITCH 01110000 
DECREASE 00011001 MEG 01000101 SYSTEM 01110001 
DEPOSIT 00011010 MEGA 01000110 TEST 01110010 
DIAL 00011011 MICRO 01000111 TH(NOTE2) 01110011 
DIVIDE 00011100 MORE 01001000 THANK 01110100 
DOOR 00011101 MOVE 01001001 THIRD 01110101 
EAST 00011110 NANO 01001010 THIS 01110110 
ED (NOTE 1) 00011111 NEED 01001011 TOTAL 01110111 
ED (NOTE 1) 00100000 NEXT 01001100 TURN 01111000 
ED (NOTE 1) 00100001 NO 01001101 USE 01111001 
ED (NOTE 1) 00100010 NORMAL 01001110 UTH (NOTE 3) 01111010 
EMERGENCY 00100011 NORTH 01001111 . WAITING 01111.011 
END 00100100 NOT 01010000 WARNING 01111100 
ENTER 00100101 NOTICE 01010001 WATER 01111101 
ENTRY 00100110 OHMS 01010010 WEST 01111110 
ER 00100111 ONWARD 01010011 SWITCH 01~11111 

EVACUATE 00101000 OPEN 01010100 WINDOW 10000000 
EXIT 00101001 OPERATOR 01010101 YES 10000001 
'FAIL 00101010 OR 01010110 ZONE 10000010 
FAILURE 00101011 PASS 01010111 

* DT1056,is a complete kit including MM54104 SPC; DTl057Is SSR5 and SSR6 speech ROMs only. 

Note 1: J'ED" Is a suffix that can be used to make any present tense word become a past tense word. The way we say "ED," however, does vary from one word to 
the next. For that reason, we have offered 4 different "ED" sounds. It is suggested that each "EO" be tested with the desired word for best quality results. Ad-
dress 31 "ED" or 32 "ED" should be used with words ending In "T" or "D," such as exit or load. Address 34 "ED" should be used with words ending with soft 
sounds such as ask. Address 33 "ED" should be used with all other words. 

Note 2: 10TH" is a suffix that can be added to words like six, seven, eight to form adjective words like sixth, seventh, eighth. 

Note 3: "UTH" Is a suffix that can be added to words like twenty, thirty, forty to form adjective words like thirtieth, fortieth, etc. 

Note 4: Address 130 is the last legal address in this particular word list. Exceeding address 130 will produce pieces of unintelligible invalid speech data .• 
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Crystal Circuit Information 
Typical Crystal Oscillator Network 

SPC 

"'-~"'''''R''2'r+----'''''H~ ~~RCUIT 

~C2 
Crystal R1 R2 C1 C2 
4.0 MHz 1M I.Sk 10-30 pF 40-60 pF 

External Clock Input (4.0' MHz) 

stV:
D 

EXTERNAL _I _ 
CLDCK ,---

SPC 

TD 
CIRCUIT 

Timing 

tXH 
tXL 

Min Units 

100 ns 

100 ns 

(4.0 MHz crystal manufactured by Electro Dynamics Corp. PIN HC18·20 pF) 

SPC Block and Connection Diagrams 

OSC IN 

OSC OUT 

cs 
WR 

iiliMEN 
INTR 

CMS 

SWB (MSB) 

SWI 

SW6 

SW5 

SW4 

SW3 

SW2 

SW I (LSB) 

RDATA 0 ILSB) 

ROATA I 

RDATA2 

RDATA 3 

VSS 

10 

11 

20 

SWI-B 

ROM 
DATA 1-8 

cs 

WR 

CMS 

INTR 

Dual·ln·Line Package 

SPC 
(MM541 04) 

TOP VIEW 

CONTROL 
LOGIC 

40 

39 
VDO 

SPEECH OUT 

ADR 13 (MSB) 

ADRI2 

ADRl1 

ADRIO 

ADR 9 

AOR B. 

AOR 1 

AOR 6 

AOR5 

ADR 4 

AOR 3 

AOR 2 

AORI 

ADR 0 ILSB) 

RDATA 1 (MSB) 

ROATA 6 
22 

RDATA 5 
21 

ROATA4 

1----. ADR 0-13 

OSC IN 

OSC OUT 

ROMEN 

SPEECH OUT 

PROGRAMMABLE 
GAIN 
AMPLIFIER 

Dual·ln·Line Package 
2. 

V cc (4.J5V-S.2SVI Al 

A6 
23 

AB 

A5 
22 

A9 

21 
AI2 A4 

A3 20 CSI (AI3) 

A2 MM52164· 
19 

AID 
SSR5 
ANO IB 

AI SSR6 All 

11 
AD 08 

01 
16 

01 

02 
10 15 

06 

03 
11 14 

05 

GND 
12 13 

04 

TOP VIEW 

* For specific ROM device information, see MM52164 data sheet. 
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~ Typical Applications (Continued) 

~ C Integration of 0T1057 ROMs and 01'1050 Kit 

SYSTEM 
110 

r---------------------OTlo50Kil r-------oTiiisi"iiiiM',l 
I I I I 

1-... +I~00-07 RoATAI-8 I 
1--+-+I~fI I I I! I I I I ~~ I 
HI-+-llf+lWR SPC ...lL ;..L I ! ..ll ~ I 
I-I-+-+I~I CMS SSRI SSR2 I I SSRS SSR6 I I SPEECH SPEECH I I SPEECH SPEECH I 
I+I-++-IINT ADR 13 I- RDM RDM I I RDM ROM I 

L ____________ ~--:~-:--=C~J L _ _:~ __ =~J 
VCC 
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• '---<r= i. 
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OIGITALKER System Using COP420 Interface 
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DO 
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SWl-B RDATA 
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SPC 
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Typical Applications (Continued) 

SPEECH OUT 
(FROM SPCI 

Voo 

Minimum Filter Circuit 

.,........--..,.-_+-.zoo~ SPEAKER 

Ion 

2ooHz= __ 1_,_ 
211'RC 

* lM346 or equivalent 

See MM54104 data sheet for additional filter Information. 

Low Power Configuration Using Stallc ROM 

5V 

I 
....."I--~I....,:l 

I VCC I 
SPC if""""EN SPEECH I num," ROM I 

L ________ · J 
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~National DIGITALKER™Speech Synthesis 
U Semiconductor 
MM54104 DIGITALKER™ Speech Synthesis System 
General Description 
The DIGITALKER is a speech synthesis system consisting 

. of multiple N-channel MaS Integrated circuits. It contains·' 
an MM54104 speech processor chip (SPC) and speech 
ROM and when used with external filter, amplifier, and 
speaker, produces a system which generates high quality 
speech including the natural inflection and emphasis of 
the original speech. Male, female, anc:l chUdren's voices 
can be synthesized. 

The SPC communicates with the speech ROM, which con
tairis the compressed speech data as well as the frequen
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. This 
can be expanded with minimal external logic. 

With the addition of an .external resistor, on-chip de
bounce is provided for use with a switch interface. 

An interrupt is generated at the end 6f each speech se
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

Encoding (digitizing) of custom word or phrase lists must 
be done by National Semiconductor. Customers submit to 
the factory high quality recorded magnetic reel to reel 
tapes containing the words or phrases to be encoded. 
National Semiconductor will sell kits consisting of the 
SPC and ROM(s) containing the digitized word or phrases. 

features 
• Designed to be easily interfaced to most popular 

microprocessors 

• 256 possible addressable expressions 

• Male, female, and chU9ren's voices 

• Any language 
• Natural inflection and emphasis of original speech 
• Addresses 128k of ROM directly 

• TTL compatible 
• MICROBUS™ and COPSTM compatible 
• On-chip switch debounce for interfacing' to manual 

switches independent of a microprocessor 

• Easily expandable to greater than 128k ROM 
• Interrupt capability for cascading words or phrases 
• Crystal controlled or externally driven oscillator 
• Ability to store silence durations for timing sequences 
ill Standard ,vocabulary sets availabl'e 

Applications 
• Telecommunications • Consumer products 

• Applia.nce • Clocks 
• Automotive • Language translation 

• Teaching aids • Annunciators 

Typical Applications Minimum Configuration Using Switch Interface 
7-11V 

1M 

NO 

ADR 
0-13 

-l 
...-.."v ... ss--v".c ... c....., I 

ADDRESS BUS 

SPC RDATA DATA BUS 
"';';"";";;';;';";;';;""+-ISW1-B MM54104 1-81+';;;;";=;;;"'-1 

SPEECH 
ROM 

I 
I 
I 

DIGITALKER 
KIT . 

• Single pole 2 posilion 
momentary switch 

INTR 

CMS 

•• 4.0 MHz cryslal Eleclro 
Dynamics Corp. 20 pF HC1a 

DSC DSC 
IN OUT I 

1M 

FILTER AND 
AMPLIFIER 

_______ J 
1.5k "The reCIpient of these products automatically receives a non-exclusive license 

under U.S. Patent Application 432,859 and any patent or patents Issuing thereon to 
use such products, to assemble or otherwise incorporate them into further prod
ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products': 

Protected by U.S. Pat. No. 4124125, F,M, Mozer licenses availabJe . 

SPEAKER 

DIGITALKER™, MICROBUS™ and COps™ are trademarks of National semiconducto~Corp. 
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Absolute Maximum Ratings 
s: 
s: 
U'I 

Storage Temperature Range -65·Cto + 150·C Voltage at Any Pin 12V ~ 
Operating Temperature Range -40·Ct085·C Operating Voltage Range, Voo-Vss 7Vt011V 0 
Voo-Vss 12V Lead Temperature (Soldering, 10 seconds) 300·C 0l=Io 

DC Electrical Characteristics TA = o·c to 70·C, Voo = 7V-11V, Vss = OV, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

VIL Input Low Voltage -0.3 0.8 V 
VIL Input Low Voltage TA = - 40·C to 85·C -0.3 0.6 V 

VIH Input High Voltage 2.0 Voo V 
VIH Input High Voltage TA = - 40·C to 85·C 2.2 Voo V 

VOL Output Low Voltage IOL=1.6 rnA 0.4 V 

VOH Output High Voltage IOH= -100 !LA 2.4 5.0 V 

VILX Clock Input Low Voltage -0.3 1.2 V 

VIHX Clock Input High Voltage 5.5 Voo V 

VOLX Clock Output Low Voltage Typical Crystal 1.2 V 
Configuration a~d 10M 
Load on Pin 2 

VOHX Clock Output High Voltage Typical Crystal 5.5 Voo V 
Configuration and 10M 
Load on Pin 2 

100 Power Supply Current 45 rnA 
100 Power Supply Current TA = - 40·C to 85·C 50 rnA 

IlL Input Leakage ±10 !LA 

IILX Clock Input Leakage ±10 !LA 

Vs Silence Voltage 0.45Voo V 

VOUT Peak to Peak Speech Output Voo=11V 2.0 V 

REXT External Load on Speech REXT Connected Between 50 kO 
Output Speech Output and Vss 

AC Electrical Characteristics TA = o·c to 70·C, Voo = 7V-11V, Vss = OV, unless otherwise specified. 

Symbol Parameter Min Max Units 

taw CMS Valid to Write Strobe 350 ns 

tcsw Chip Select ON to Write Strobe 310 ns 

tdw Data Bus Valid to Write Strobe 50 ,ns 

twa CMS Hold Time after Write Strobe 50 ns 

twd Data Bus Hold Time after Write Strobe 100 ns 

tww Write Strobe Width (50% Point) 430 ns 

D tred ROMEN ON to Valid ROM Data 2 JlS 

twss Write Strobe to Speech Output Delay 410 Jls 

ft External Clock Frequency 3.92 4.08 MHz 

Note: Rise and fall times (10% to 90%) of MICROBUS signals should be 50 ns maximum. 
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TimJng Waveforms Command Sequence 

: =1:1---~ <R" l-t~ 
DATAl: ----..:..---..... -:::::~-~~t+~·-'3~?-

(SW'-SWB) ____ ....;.. ____ ~fi ~ 

ROM Data Timing 

ADRa-'3 X VALID ADDRESS V-__ --I '--______ A-

1WImI\ / \ f 
-1'''''1- -1 ..... 1-

RDM DATA,-8 

No'. 1: ROM dala 1-8 can go valid any lime after ADR 0-13 changes. however It mus, be valid within the Ired specifications and remain valid unlll iiOMEiiI 
goes high. 

Crystal Circuit Information 
Typical Crystal Oscillator Network 

&PC 

.. - .... ~.,..R.,..2~+----~ .... ~~RCUIT 

Crystal. Rl R2 C1 C2 
4.0 MHz 1M I.Sk 10-30 pF 40-60 pF 

Block and Connection Diagrams 

External Clock Input (4.0 MHz) 

stV:
D 

EXTERNAL ..2 ..... 
CLDCK-' 

&PC 

TD 
CIRCUIT 

ADR 0-'3 DSCIN 

DSCDUT 

I!I 
Wli 

mm 
INTR 

SW7 

SWI 

SWS 

SW4 

SW3 

OSCIN SW2 

SWllLSI) 

OSC OUT RDATA' (LSI) 

ROMEN 
RDATA2 

RDATA3 

RDATA4 
SPEECH OUT Vss 
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II 
20 

TIming Min Unlta 

'XH 100 os 
tXL 100 ns 

Dual-In-Llne Package 

SPC' 
MM541 04 

TOP VIEW 

RDATA' (MIl) 

RDATA7 

RDATAI 

ROATAS 



Connection DiagramS(Continued)(Vcc = 4.75V-5.25V) 

Dual·ln·Llne Package Dual·ln·Llne Package 

A7 A7 
24 

Vee 

A6 A6 23 A8 

AS AS 22 A9 

A4 A4 
21 

esz 

A3 eSl A3 20 eSl 

A2 19 AID A2 19 AID 

MM5211& MM52132 
18 All 18 

Al AI esz 

AD 
17 

08 
17 

AD 08 

,. 16 
UI UI u, -- .... 

02 
10 15 06 02 

10 15 06 

03 
11 14 05 03. 11 14 05 

GND 
12 13 

04 GND 12 13 04 

TOP VIEW TOP VIEW 

16k 32k 

Dual·ln·Llne Package 

A7 
24 

Vee 

AS 
23 

A8 

AS 22 A9 

A4 21 A12 

A3 20 eSl 

A2 19 AID 

MM52164 
18 A11 Al 

AD 17 08 

01 1& 07 

02 
10 15 06 

p3 11 14 05 

GND 
12 13 

04 

TOP VIEW 

64k 

For specific ROM device informalion, see MM52116, MM52132, or MM52164 dala sheels. 
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Functional Description 
The following describes the function of all SPC input and 
output pins. 

Note: In the following descriptions, a low represents a 
logic 0 (0.4V nominal), and a high represents a logic 1 (2.4V 
nominal). 

INPUT SIGNALS 

Chip Select (CS): The SPC is selected when CS is low. It is 
only necessary to have CS low during a command to the 
SPC. It Is not necessary to hold CS low for the duration of 
the speech data. 

Data Bus (SW 1-8): This is an 8·bit parallel data bus which 
contains the starting address of the speech data. Unused 
inputs must be tied to Vss. 

Command Select (CMS): This line specifies the two com· 
mands to the SPC. 

CMS Function 
o Reset interrupt and start speech sequence 
1 Reset interrupt only 

Write Strobe (WR): This line latches the starting address 
(SW1-SW8) into a register. On the rising edge of the WR, 
the SPC starts execution of the command specified by 
CMS. The command sequence i~ shown in the liming 
waveform section. If a command to start a new speech se· 

Applications Information 

quence is issued during a speech sequence, the new 
speech sequence will be started Immediately. When con· 
necting WR to a switch is must be a single pole 2 position 
switch as sh.own on page 1. . 

ROM Data (RDATA 1-8): This is an 8·bit parallel data bus 
which contains the speech data from the speech ROM. 

OUTPUT SIGNALS 

Interrupt (INTR): This signal goes high at the completion 
of any speech sequence. It is reset by the next valid com· 
mand. It is also reset at power up. 

ROM Address (ADR O-ADR 13): This Is a 14·bit parallel 
bus that supplies the address of the speech data to the 
speech ROM. 

ROM Enable (ROM EN): For low power' applications, this 
line can be used to drive a transistor that switches the sup· 
ply for static speech ROMs. See ROM elata timing. 

Speech Output (Speech Out): This is the analog output 
that represents the speech data. See frequency response 
section. 

INPUT/OUTPUT SIGNALS 

Clock Input/Output (OSC IN, OSC OUT): These two pins 
connect the main timing reference (crystal) to the SPC. 

Frequency Response of Combined Amplifier and Speaker 

"" :s 
z 
;;: 
'" w 
> 
j:: 

~ 
0:: 

-20 

-40 

/ 
~ ... 

...... 20 dB/DECADE 
/ r-- NOTEI 

IV -I-I"'~ 

'" 60 dB/DECADE 

vII ~ f' 
NOTE3W-

V rN1l40 dB/DECADE ~" 
V . NOTE 2 l' 

V f\ 
-60 

10 100 lk 10k 

FREnUENCY (Hz) 

Note 1: This curve is the desired response· of the entire audio system including speaker. 
Minimum response is a low pass filter with a cutoff frequency of 200 Hz. For an audio system 
with a natural cutoff frequency around 200 Hz, this filter can be eliminated. This cutoff fre· 
quency may be tuned for the parficularvolce being synthesized. For a low pitched male voice 
it may be 100 Hz, while for a high pitched female or child's voice it might be 300 Hz. 
Note 2: This is optional filtering that can be eliminated by proper selection of the speaker. If 
this 2 pole response is electronically produced, it should be adjusted as described in Note 1. 
Note 3: This 18 optional filtering that can be eliminated for simpler systems. The acceptable 
range for this cutoff frequency is 6000 Hz-8000 Hz. 
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Typical Applications (Continued) 
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~ 
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• LM346 or equIvalent 

Filter Circuit to Produce Maximum Frequency Response 
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Voo 

10 
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DIGITALKERTM System Utilizing MICROBUSTM Interface 

7-11V- rlREGULAToR : 5V 

1 
,-- f---I-----t-=-- -
I Voo Vss Vss VCC 

SW HI 
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ADDRESS BUS 
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DATA BUS SPEECH 

CMS ROM 
INTR MM541 04 
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.., 
I 
I 
I OIGITALKER I KIT 

I 
J 
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70DOHz= 

VoO 
I 

1 

2 .... R1Cl, 

200Hz= _1_ = 
2 .... R3C3 

• LM346 or equivalent 

1 

2 .... R2C2 

1 

2 .... R4C4 
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Low Power Configuration USing Static ROM 
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7-11V 

r. Voo Vss 

I SPC II1IImI 3k SPEECH II I ROM· 
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Typical Applications (Continued) 

SYSTEM 
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Il 
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~ 

DIGITALKERTM System UsingCOP420 Interface 

7V,..11 V 

VCC = 6V 

Vee VDD Vee 

GO L PORT SWI-8 RDATA 
1-8 

Gl SPC 
01 

Wii MM54104 
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eDP4Z0 02 eMS 0-12 

DO 

01 
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Vee 

~ 

I~TR 
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FILTER 
AND 
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Speech ROM Expansion for Requirements Greater Than 128k Bits· 

1ST MODULE . ZNDMODULE . , , . 
SWI-8 RDATA 1-8 

; 

ADR 0-12 

1 1 1 ·1 INTR 
I-SPC 

ADR 13 

Wii 
MM54104 

cs 64k . 64k 64k 64k 
ROM ROM ROM ROM 

CMS cs cs cs cs 

1 X X X 
YO Yl yz Y3 

...,. AILSB) 

D· Q B 

~eK 
DECODER -

0 Q e 

CK 
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Circuit for Evaluation of 
Custom Vocabulary EPROM 
Prototype Set 

EPROM PROTOTYPE 

In the process of developing a product with a "custom" 
generated vocabulary, it may be necessary to develop 
special circuitry for listening to and evaluating your proto· 
type synthesized vocabulary prior to committing to read 
only memory (ROM) production. 

The prototype set will normally be supplied by National 
Semiconductor in the form of 2716 EPROM (Intel pinout) 
sets. The SPC (speech processor chip, part number 
MM54104) communication with EPROM sets does require 
some external hardware considerations which may not be 
necessary in the final ROM application, especially in 
multiple EPROM·equivalent ROM situations. (For exam· 
pie, four 16k·bit 2716 EPROMs equal one 64k·bit ROM.) 

Shown on next page is a recommended' circuit which 
shows proper interface between 2716 EPROMs and the 
SPC. The circuit covers vocabularies from the minimum 
system of one 2716 (16k bits) to larger vocabularies of 
eight 2716s (128k bits). It is also true, that in an application 
requiring only one 2716, the MM74LS138 decoder device 
can be eliminated by connecting pin 20 of the 2716 toVss 
(ground). The remaining unused pins 36, 37 and 38 of the . 
SPC can be left unconnected In this case. 

UNUSED SPC INPUTS 

In any DIGITALKERTM design, an applications suggestion 
is in the area of unused input pins of the SPC. It should be 
understood that the number of different expressions and 
coincident addresses, as designated by the custom vo· 
cabulary, determines how many of the SW word address 
pins (pins 8-15) on the SPC are utilized. Vocabularies of 
less than 128 addresses will not use SW 8; vocabularies of 
less than 64 addresses wi II not use SW 7 or SW 8, and etc. 
These unused SW pins must be tied to Vss (ground) to 
Simplify the application. In fact, any unused input to the 
SPC must be tied to Vss. 

FILTERING 

Use of the DIGITALKER is quite straightforward, however, 
a point on application that must be covered in this brief 
concerns the frequency response of the output speech. 
The ultimate quality of the DIGITALKER will strongly de· 
pend upon the filter, amplifier and speaker choices made 

DIGITALKER™ Is a trademark of National Semiconductor Corp. 

National Semiconductor 
Linear Brief 54 
Fred Wickersham 
June 1981 

by the user. For that reason, it is important to understand 
the output characteristics of the device. 

Because the synthesized speech data is derived from a 
differentiated and sampled input signal, it is necessary to 
pass the output waveform of the MM54104 through a low· 
pass filter with a cutofffrequency of approximately 200 Hz 
~~~ e~ e!te~!.!et!0r! ch~r~~t~risti~ 0f ?O rlR/rtAl'::.riP.. Thif; 

compensates for the high frequency pre-emphasis used in 
the synthesis technique. If the system of interest has a 
natural rolloff near 200 Hz, this low·pass filter can be 
eliminated. The important item is that the entire audio 
systE!m should have a cutoff frequency of approximately 
200 Hz. The placement of the cutoff frequency may be ad· 
justed for the particular type of voice being synthesized. A 
low pitched man's voice might sound better with a 100 Hz 
cutoff point while women's and children's voices may 
show improvements with a 300 Hz cutoff. 

As an example of hClW the overall frequency response of a 
particular application can minimize the need for extra 
filtering, consider the DIGITALKER as a voice announce· 
ment circuit In a telephone system. 

In this case, the telephone network provides a natural 
attenuation to high frequencies that balances the SPC 
high frequency pre·emphasis. As a result, the low-pass 
filter previously mentioned can be eliminated. However, 
because signal frequencies above 3 kHz must be attenuat· 
ed before they are allowed to pass Into the telephone net
work, a cutoff filter of 3400 Hz may be required In place of 
the previously mentioned 200 Hz low·pass filter. A good 
filter for this application is the National Semiconductor 
AF133 active filter. 

In addition to the 200 Hz to 3400 Hz low·pass filter, an extra 
stage of low·pass filtering can be used for frequencies 
above 7 kHz. This filter is optional and is normally only 
used to further reduce sampling noise. Most systems can 
omit 'this filter, especially if the overall system bandwidth 
is not very wide. A second optional filter can be included to 
limit the overall low frequency response of the system. 
This high·pass filter would normally cutoff below 200 Hz 
(adjusted to match the 200 Hz low·pass if provided). This 
hlgh·pass filter limits low frequency noise, and can usu· 
ally be omitted if system characteristics do not require 
this function. 

"The reCipient of these products automatically receives a non-exclusive license 
under U.S. Patent Application 432.859 and any patent or patents issuing thereon to 
use such products, to assemble or otherwise incorporate them into further prod· 
ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products': 

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 
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LB·54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set 
Recommended Circuit for Evaluating up to 8 Custom Encoded EPROMs (2716) 
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AD 25 
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Note: All unused inputs to SPC must be tied to ground (VSS). * Recommended filter requirements. See text and MM54104 data sheet for complete filter application suggestions 



Speech Synthesis 

INTRODUCTION 

Electronic speech circuits offer a new dimension of 
sophistication to many modern machines. As annuncia
tors in trains, ~Ievators, office buildings, autos, airplanes, 
terminals, toys and games, etc., electronic speech circuits 
provide a more direct and natural announcement than 
bells, buzzers or lights. With electronic voice signals, 
complex directions can be clearly given in any language 
and with a minimum of effort. 

In the past, electronic announcement systems required 
elaborate tape mechanisms. These systems were expen· 
sive and troublesome, so their use was limited to the small 
number of applications that required speech announce
ments (e.g., telephone announcement systems). The tirst 
all-electronic systems used analog to digital conversion 
techniques to convert actual voice into digital signals. 
These digital speech signals were then stored as PCM or 
delta modulation signals in semiconductor memories. 
The major problem with this arrangement was the 
massive memory required for a moderate amount of an
nouncement time. One second of digital speech,. in this 
configuration, required from 16k to 100k bits of memory. 

The latest solution to electronic speech is known as 
speech synthesis. This technique provides a dramatic 
reduction in the memory required for one second of 
speech. Memory requirements'range from 400 bits to 2000 
bits per second depending on the desired speech attri
butes and overall quality. The synthesizer technique takes 
advantage of the fact that speech signals are highly 
redundant and predictable. By coding only the slowly 
varing coefficients of speech or by dramatic compression 
of digitized speech, significant bandwidth reductions in 
the digitized signal can be realized. These techniques, 
coupled with LSI semiconductor technology, make true 
voice synthesis practical. 

The National Semiconductor speech processor chip (S'PC) 
provides the complete speech synthesis reproduction cir
cuitry needed to generate high quality and natural speech 
(male, female or a child's voice), electronic tones or music. 
A complete chip set is called the DIGITALKERTM. It con
sists of the speech processor chip and a speech ROM. The 
applications for this chip set are endless, but to name a 
few: . 

Voice interactive computer terminals 
Automotive, nautical and aeronautical instrumentation 
annunciators 
Voice·back units for banking, weather and time 
/lnnouncements, answering machines, etc. 
Elevators, trains, subway systems, etc. 
Consumer appliances, toys and games 
Warning systems for fire and police emergency 

All of these applications benefit from the lower overall 
cost, high reliability, excellent performance and fast con
trol response afforded by the National Semiconductor 
DIGITALKER ™ system. The remainder of this note will be 

DIGITALKEA™ Is a trademark of National Semiconductor Corp. 

National Semiconductor 
Application Note 252 
Jim Smith 
Dave Weinrich 

devoted to a description of the MM54104 SPC, the tech
nique used to synthesize speech and finally a review of the 
major DIGITALKERTM applications. 

SPEECH SYNTHESIS 

The basic phonological element of speech is the 
phoneme. The phoneme represents a simple sound that 
by itself cannot distinguish different words. Phonemes, 
together with speaker inflection, volume, emphasis, etc. 
are the fundamental building blocks of speech. The overall 
quality ot" any speech synthesizer, therefore, Is directly 
controlled by its ability to faithfully reproduce all of the 
....................................................... ; ............ ,.. ....... ..1 .......... : ...... + ... h .................. .... 
" ....................... '1 .... 1"' ............... LLlIOJ ............... ".... I ...... J ......... t"' .............. , .... 

reproduction. 

The common American English language consists of ap
proximately 38 to 40 phonemes-14-16 vowel sounds and 
24 consonant sounds. Each phoneme is generated with 
either a voiced sound, as in "eye", or an unvoiced sound 
like the sh in "shy". This difference between a voiced and 
unvoiced sound is very important because the unvoiced 
sounds are generally fewer in numberand less dependent 
upon the physiological characteristics of the speaker. A 
speech synthesizer, it turns out, can exploit this important 
difference. Finally, normal speech rates are approximate
ly 10 to 15 phonemes per second (including silence inter
vals). Since 38-40 phonemes can be coded using 6 bits, the 
normal bit rate for phoneme reproduction is approximate
ly 60 to 90 bits per second. This bit rate, however, contai ns 
only phoneme information which is only one of the many 
important speech attributes. 

Since phoneme reproduction is a basic element in any 
speech synthesizer, an understanding of phoneme con
struction would be useful. Speech synthesis models use 
two driving functions, an impulse source for voiced 
sounds and a noise source (hiss noise) for unvoiced 
sounds. Each of these driving signals are filtered into 
specific frequency bands or formants by time-varying 
filters. The net result, for any particular set of valid filter 
coeffiCients, is a formant sound. In the human vocal tract 
system, the driving function consists of the lungs as the 
energy source, and the vocal cords for generating a voiced 
sound. The driving function for an unvoiced sound relies 
on the noise generated as air rushes through the vocal 
chambers and not on vocal cord vibrations. The formants 
are then generated by the resonant chambers of the 
throat, mouth and nasal cavities. By controlling the 
physical nature of these chambers with mouth position, 
tongue position and throat orifice size, a speaker can con
trol the formants to generate a phoneme. It should be 
noted, however, that formants are identified by distinctive 
frequency bands. The unvoiced sounds do not generate 

. these distinctive bands and therefore do not necessarily 
require the "normal" formants for a faithful reproduction. 
These sounds are characterized by a noise or hiss with 
very little resonance. This unvoiced resonance is normally 
identified as a fricative formant (e.g., the "sh" sound) and 
is characterized by an unusually large content of high 
frequencies. . 
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A formant-based speech 'synthesizer, as described pre
viously; would normally use at least three formant filters 
for voiced sounds and one formant 'filter for fricative 
sounds. An additional resonance, called nasal resonance, 
may be Included but no dynamic formant function Is usu
ally associated with the nasal resonator. For the synthesis 
of a normal English vowel using a male voice, the three 
basic formants would fall into the approximate frequency 
bands of 200 Hz to BOO Hz, 900 Hz to 2300 Hz and 2400 Hz to 
3000 Hz. The fricative formant Is typically a pulse of high 
frequency noise In the band from approximately 2500 Hz 
to BOOO Hz, with the higher frequency fricatives like "th" 
usually much lower In relative amplitude when compared 
to the "sh" fricative sound. 

The basic formant synthesizer requires formant filter 
coefficient data, amplitude control data and driving func
tion control data. This minimum system could synthesize 
speech, but would not control inflection or emphasiS. Its 
quality, therefore, can be very disappointing. Normal 
memory requirements for a minimal system are approxi
mately 400 bits for one second of speech. 

A second approach to speech synthesis does not auto
matically break speech into, its minimum phonological 
elements. Instead, the speech waveform is sampled, digi
tized and compressed by the elimination of symmetrical 
redundancy and silent Intervals, the use of adaptive delta 
modulation, and the adjustment of phase information in 
the digitized speech. In this way, speech elements can be 
synthesized as phonemes, phoneme groups, words or 
even whole phrases. Also, the attributes of the original 
speaker can be maintained if the synthesized 'elements 
are not broken down incorrectly (i.e., inflection can modify 
the sound of a phoneme if it occurs at the end of a word or 
phrase rather than at the beginnlng)_ 

7V-l1Vo------IP---+! 

In a speech compression system, unvoiced sounds can be 
·standardized. During the compression algorithm, the 
voiced and unvoiced sounds are separated and the voiced 
sounds are compressed. Unvoiced sounds, however, are 
compared to the available sounds and synthesized by 
substitution. This approach Is successful because un
voiced sounds have very few speaker defined characteris
tics. As a result, a relatively small set of unvoiced sounds 
can be used repeatedly. 

This speech compression technique offers excellent 
quality at a low data rate. The synthesis of a male voice, 
using English, will usually require an average of 1000 bits 
per word. Because the technique can be applied to any 
voice frequency Signal, It Is also capable of synthesizing 
women's and children's voices, music and tones. This 
flexibility, plus the realistic quality of the synthesized 
speech, make this technique very attractive. 

THE NSC SPEECH PROCESSOR CHIP (SPC) 

The National Semiconductor speech synthesis system 
consists of the SPC device plus the speech memory (ROM) 
required to assemble a complete DIGITALKERTM kit. To 
this kit a customer must add a clock Input signal or the 
necessary oscillator components, an audio filter and 
amplifier and the control circuit function. This would 
represent the minimum configuration shown In Figure 1. 
The maximum amount of directly addressable speech 
memory acce~slble by the SPC Is 128k bits, but external 
page addreSSing by the control circuit function can in
crease this ROM field as required. 

The SPC utilizes the speech compression synthesis 
technique. As mentioned earlier. this technique reduces 
the amount of memory needed to store electronic speech 
by removing the excess or redundant data from the 
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'FIGURE 1_ DIGITALKER™ Minimum Configuration 
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speech signal. The four main techniques to perform that 
task are: 

1. Elimination of redundant pitch periods 

2. Adaptive delta modulation coding to minimize band
width and memory requirements 

3. Phase angle adjustments to create mirror image 
symmetry . 

4. Replacing the low level portion of a pitch period with 
silence (half-period zeroing) 

National Semiconductor uses an elaborate computer pro
gram to analyze a high fidelity tape recording and gener
ate a ROM pattern that will faithfully synthesize the 
original voice message. 

Figure 2 contains a block diagram of the MM54104 SPC: 
The eight-bit start address bus allows up to 256 separately 
defined sounds or expressions to be stored in the speech 
ROM. The control interface to the start address port can 
take the form of decoding logic, a MICROBUS™ port or 
mechanical switches. 

'v·w'j-I~II t~~ ~Il~r: g~=:; ~:gh, !h::: ::!~~t ~d~re~e ~0d'? !~ !o~tj,=,1j 
Into the control word address register. The SPC uses this 
control address to fetch the control word from ROM forthe 
first block of speech data. The control word contains 
waveform information, repeat information and the ad
dress of the speech data. This address is loaded into the 
phoneme address register and is used to fetch the speech 
data used to recreate the speech waveform. Before the 
synthesis takes place, the waveform data must be decod
ed to provide information such as male or female, voiced 
or unvoiced, half-period zeroed or not half-period zeroed 
and silence. 

The unsynthesized waveform for a typical voiced pitch 
period might look like the signal shown in Figure 3a. In the 
process of converting this signal to a synthetic form, 
several operations are performed. First, the phase delay of 
the signal can be adjusted to create a symmetrical 
waveform about the center of the pitch period as shown in 
Figure 3b. The next step will replace the low level begin
ning and ending quarters of the waveform with silence 
(Figure 3c). The result is a compression factor of 4 to 1 on 

the original voice data. Now, delta modulation is applied 
and the results are shown in Figure 3c. Synthesis of the 
waveform starts with a period of silence (no speech data 
required), a quarter period of adaptive delta modulation
generated speech followed by the same speech data 

1-1-' --------~IDm'-------_I 

(a) 

~A~ 

32 

. V V 
(b) 

(c) 

64 

DIGITIZATlDN NUMBER 

(a) Original Speech Waveform 

96 128 

(b) Phase Angle Adjusted to Create Mirror Symmetry 
(c) Half-Period Zeroed and Delta Modulated 

FIGURE 3_ SPC Waveforms (After Mozer [2)) 

FIGURE 2. MM54104 Block Diagram 

MICROBUS":M Is a trademark of National Semiconductor Corp .• 
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fetched in reverse. Finally, the SPC will finish the last 
quarter cycle of the speech block period with silence. This 
phase modified speech data sounds the same as the origi
nal speech. 

At the end of a waveform or speech block, the SPC makes 
a decision about repeating the sequence. Each waveform 
of a typical voiced signal may be repeated an average of 3 
to 4 times. The typical unvoiced waveform may be 
repeated approximately 7 to 8 times. Once the proper 
number of repeats has been generated, the SPC will begin 
a new speech block sequence. This operation continues 
until the SPC has executed all control words associated 
with the original eight-bit start address code. 

SPC speech signals are stored as adaptive delta modula· 
tion data. This encoding technique exploits the relatively 
predictible and slowly changing characteristic of voiced 
speech. Because of the small differential between succes· 
sive speech samples, a delta value ratherthan an absolute 
value can be used to determine the actual speech signal. 
Addition .of the delta value to previously accumulated 
values will result In a new output waveform signal level. An 
adaptive technique is used so that the delta step size can 
change In response to slope variations. This technique 
uses multiple delta modulation step sizes to obtain a more 
accurate resolution and yet, the required amount of stored 
data remains lower than the information required for a 
more conventional encoding scheme. 

The internal SPC clock Is derived from a programmable 
frequency generator. Variations in the frequency of this 
clock, through the control word, allow the SPC to add a ris
Ing and failing pitch to speech sounds and syllables. This 
derived pitch variation adds a natural inflection to the syn-
thetic speech. . 

Just as pitch variations are used to Increase realism, so 
must the SPC use gain variations. Both techniques are 
controlled by data stored at the beginning of a speech 
block and the programmable oscillator and output ampli
fier circuit blocks of the SPC. 

Use of the DIGITALKER™ is quite stralghtf~rward and will 
be outlined in the next section. However, a point on appli
cation that must be covered in this note concerns the 
frequency response of the output speech. The ultimate 
quality of the DIGITALKERTM will strongly depend upon 
the filter, amplifier and speaker choices made by the user. 
For that reason, It Is Important to understand the output 
characteristics of the device. 

Because the synthesized speech data is derived from a 
differentiated and sampled input signal, it is necessary to 
pass the output waveform of the MM54104 through a low
pass filter with a cutoff frequency of approximately 200 Hz 
and an attenuation characteristic of 20 dB/decade. This 
compensates for the high frequency pre-emphasis used in 
the synthesis technique. If the system of interest has a 
natural rolloff near 200 Hz, this .low· pass filter can be 
eliminated. The important Item is that the entire audio 
system should have a cutoff frequency of approximately 
200 Hz. The placement of the cutoff frequency may be ad
justed for the particular type of voice being synthesized. A 
low pitched man's voice might sound better with a 100 Hz 
cutoff pOint while women's and children's voices may 
show improvements with a 300 Hz cutoff. Figure4a shows 
a filter and amplifier circuit for this minimum ~requency 
response characteristic. 

As an example of how the overall frequency response of a 
particular application can minimize the need for extra 
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filtering, consider the DIGITALKERTM as a voice an· 
nouncement circuit In a telephone system. 

In this case, the telephone network provides a natural 
attenuation to high frequencies that balances the SPC 
high frequency pre-emphasis. As a result, the low-pass 
filter previously mentioned can be eliminated. However, 
because Signal frequencies above 3 kHz must be attenuat
ed before they are allowed to pass Into the telephone net
work, a cutoff filter of 3400 Hz may be required in place of 
the previously mentioned 200 Hz low-pass filter. A good 
filter for this application is the National Semiconductor 
AF133 active filter. 

In addition to the 200 Hz to 3400 Hz low·pass filter, an extra 
stage of filtering can be used for frequencies above 7 kHz. 
This filter is optional and Is normally only used to further 
reduce sampling noise. Most systems can omit this filter, 
especially if the overall system bandwidth is not very wide. 
A second optional filter can be Included to limit the overall 
low frequency 'response of the system. This hlgh·pass 
filter would normally cutoff below 200 Hz (adjusted to 
match the 200 Hz low-pass If provided). This high·pass 
filter limits low frequency noise, and can usually be omit
ted If system characteristics do not require this function. 
A circuit having the full frequency response c/laracteristlc 
Is shown In Figure 4b. Figure 5 shows the recommended 
overall speech synthesis system frequency response. 

APPLICATIONS 

While the variety of synthetic speech applications are 
numerous, the actual Implementation in any single ap
plication Is usually limited to one of the following three 
techniques:. 

(a) Single channel, hardware control logic 
(b) Single channel, software control logic 
(c) Multichannel, hardware or software control logic 

Each of these circuit approaches for the SPC will be 
discussed in this section. Particular emphasis will be 
placed on items (b) and (c), however, because of the broad 
application possibilities for these two techniques. 

Certain applications require a relatively small number of 
sentences or announcements with very little similarity 
between the different sentences. An example of this appli
cation might be a talking elevator controlh~r where the 
messages are brief and non-~edundant (e.g., "going up, 
first floor, second floor", etc.). In this application, certain 
words are used repeatedly but the number of messages Is 
limited and the length of each message is short. This ap
plication and others just like it, do not require the 
assembly of short phrases into complete sentences, nor 
do they require a dynamiC message structure as would be 
required with an automatic bank teller (e.g., "your changb 
is ten dollars") where a monetary amount may change 
from message to message. This fixed message applica
tion, therefore, may only require the minimum control 
circuit as shown in Figure 6. ' 

In F;igure 6, the SPC receives a separate coded input for 
each complete sentence or message that is synthesized. 
This input code is received by the SPC through the SW 1-8 
port. 

The circuit shown in Figure 6 uses a meChanical switch 
group to interface the SPC while the Figure 7 circuit uses 
a hardware logic controller to input the coded message 
control data. 
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After the proper message address is established on the 
SW 1-8 port, a momentary pulse must be applied to the 
WR line. If this signal Is applied with a momentary action 
switch, as shown in Figure 6, then an external pull·up re
sistor should be used to pull the WR line up to logic high 
and complete the on·chlp switch debounce circuitry. The 
~gested value of this resistance Is one megohm. The 
WR input signal will latch the coded message address into 
the SPC on the rising edge of WR and Initiate the synthetic 
speech message. Since each complete message uses a 
unique address code of the SW 1-8 port, no further control 
action is required after this pOint. The SPC will synthesize 
the requested message and return to the Idle state. If a 
new Input command signal Is received, either during or 
after a message Is synthesized, the SPC will immediately 
abort the current message and begin the new one. The cir
cuit in Figure 7 shows a lock·out circuit to prevent the 
aborting of a current message so that messages must be 
completed before a new message can be initiated. 

In Figure 7, a message Is Initiated whenever a valid code 
word Is applied to the elght·bit SW 1-8 port of the SPC. The 
..... 11 ............. _: ... ""_ .. _ ......................... ___ ... = __ ... = ___ 1 I __ t_ .... ___ .... __ 
.......... ... "' ........ oJ ............................ , u ..... "'..."IUt .. III .... U..."I~," ''''''tlIV .......... "" .... '1001 

and timed to insure all transitions have died. Once the 
valid code is timed, an S·R latch is set and a WR rising 

edge Is generated to start the SPC. This latch circuit also 
prevents retriggering of the SPC until after the present 
speech message is completed. Once the synthesized 
message has ended, the SPC will set the INTR line to the 
logic one state and a reset pulse will be generated to reset 
the lock·out latch. A new speech message can now be 
started by momentarily applying an idle address code 
followed by a valid code on the SW 1-8 input port. 

The SPC will directly address up to 128k bits of speech 
memory. Figure 8a shows a typical speech ROM con· 
figuration of 128k using two 64k ROMs. The types of ROMs 
used have mask programmable chip selects, therefore, no 
extra decode logic Is required for memory requirements of 
less than 128k. Although this memory size Is usually suffi
cient for most applications, certain systems may require 
added speech ROM addressing. The circuit in Figure 8b 
shows how the speech ROM of an SPC kit can be expand· 
ed In 128k bit pages or modules. Each page is arranged to 
contain a complete portion of the entire speech library for 
a particular system. Each single speech data block, as 
_ ... -' _____ ..... 1_ ",- __ " __ L __ '.1.. _____ .L _ .... ___ ......... ___ .' • __ 
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contained within one ROM page. No page boundaries can 
be crossed during the synthesis of a speech expression. 

RDATA 1-8~ ____ • _____ • 

SPC i ADRO-12!----... ----. 
MM541 04 

84k ROM 
MM52164 

14k RDM 
MM52164 

FIGURE 8a. Typical Speech ROM Configuration 
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FIGURE 8b. Speech ROM Expansion Configuration 
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While the'simple control schemes discussed so far can be 
used in many applications, a far more Important group of 
applications will take advantage of the SPC's ability to 
construct sentences from a group of words, sounds and 
phrases. This type of application uses an' intelligent con
troiler or a microprocessor to string together a group of 
synthesized phrases to form a complete sentence. The 
electronic bank teller, previously mentioned, is a good 
example of this application. The microprocessor controls 
the stringing of SPC code addresses and applies them, 
one at a time, to the SW 1-8 port of the SPC. HandShake 
timing between the microprocessor and the SPC is pro
vided with thelNTR line. This microprocessor interface 
'arrangement ,is known as MICROBUS™ and the configur
ation is shown in Figure 9. 

The use of a microprocessor controller expands the versa
tility of the SPC tremendously. Messages that are com
posed of numerical responses or fixed phrases in random 
sequence can be easily constructed from a library speech 
memory. In addition, various tones or warnings can be syn
thesized and added before, during, or after an announce
ment to identify the urgency of each message. For exam
ple, an automobile message may state that "oil pressure 
is low". Alone, that message may only mean that pressure 
has dropped but no immediate hazard exists. If, however, 
pressure has dropped below a critical value, the message 

7V-l1V 

OATA BUS 
VOO 

SWl-8 

WRITE STROBE 
WJj 

':; 

':' 

could be compounded to say '~warning, oil pressure is low, 
pull over and stop the engine". In this latter case, phrases 
of high urgency are added to the initial message to in· 
crease its level of importance. Of course, the second 
message Is not completely'separate from the first but is, 
instead, an expansion of the first. This technique allows 
fewer input address codes to initiate a larger number of 
messages without assigning a separate address code for 
each message and for each of ' its derivatives. This would 
be particularly important to an electronic bank teller 
since a large number pf monetary amounts must be syn· 
theslzed for a relatively small number of finished 
sentences. 

Wh~n preparing a speech ROM for an SPC that will synthe· 
size whole sentences from groups of phrases, it is impor: 
tant to note the desired inflections. The SPC has the abili· 
ty to synthesize all of the important speech attributes 
including pitch and gain variations, emphasis, Inflection, 
etc. This leads to very high quality life:llke synthetic 
speech' if the stringing of phrases does not result in an 

, artificial emphasis or inflection. It is important to choose 
phrases carefully and to record ,them with the attribute 
required for a realistic sentence string. The stringing 
'Of'phonemes should be avoided whenever possible be
cause the natural inflection is usually lost in such an 
arrangement. ' 
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OIGITALKERTM 

CMS 

;; 
CHIP SELECT 

CS 

INTERRUPT 
INTR 

(FIGURE 1) 

XTAL 

D 

T' 
C2 

SPEECH 
OUT 

FIGURE 9. DIGITALKERTM with Mlcro~roce550r (MICROBUS™) Interface 
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A low cost intelligent controller for the SPC is one of the 
COP400 series of microcontrollers. Figure 10 shows one 
possible arrangement of an SPC system and a COP420. 
The COP provides all of the advantages associated with a 
MICROBUS™ interface at a relatively low' cost. Because 
of its limited 110 structure, the COP's serial 110 port is 
expanded as required to obtain the desired number of 
input lines. 

The final application technique to be covered is the 
multichannel configuration. The previous arrangements 
used an SPC and a dedicated set of speech ROMs to pro· 
vide a single channel of synthetic speech. Appliances, 
autos, toys and games, terminals, etc. would probably use 

7V-l1V 

5V 

Voo Vee 

SW1-B 

WR 

cs 
DlG1TAlKERTM 

(FIGURE 1) 

INTR 

*'{ 

SPEECH our 

a single channel SPC arrangement. But an entirely dif
ferent group of products could take advantage of a multi
ple channel approach to reduce the ROM requirements. 
This group of products includes multiple elevator con
trollers, electronic bank tellers, multiple pupil learning 
centers, voice response telephone answering equipment, 
telephone switching system call announcement centers, 
etc. In this application, each channel would use a separate 
SPC and amplifier circuit, but several channels would 
share a common controller and speech library ROM. A 
typical configuration is shown in Figure 11. 

The library ROM of Figure 11 is shared over eight SPC 
channels. Each SPC channel is scanned once in 16 I'S as 

Vee 

l PORT 

DO 

01 
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eKO· 

SYSTEM 
I/O 

'" Configured as input line 

* * Additional speech ROM 
page select lines. See 
Figure 8b 

FIGURE 10_. DIGITALKER™ with COP420/COP421 Interface 
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FIGURE 11_ Multichannel Speech Synthesizer 
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shown in Figure 12. During each channel period of 2 "'s, an 
SPC output address is presented to the ROM address In· 
put port via a pair of octal TRI-8TATE'" bus drivers. After 
one p,s, the data from the ROM is clocked into the 
channel's octal data latch, the output of which Is con· 
nected to the SPC ROM data Input port. The remaining 1 ,.s 
of each channel cycle is provided for bus settling time. 

When the speech library ROM is shared over many chan· 
nels, the actual number of shared channels Is controlled 
by the MM54104 SPC memory cycle timing. Because the 
channel scanning is asynchronous to the SPC cycle tim· 
Ing,lt Is necessary for each channel to be scanned at least 
once during the high Interval of the ROMEN signal. As 
shown In Figure 13, this signal Is high for at least 20 p,s of 
each memory fetch cycle. Thus, a scanning rate of one 
channel every 16 p,s will insure that each channel is 
scanned at least once while the ROMEN signal is high. 

One final note Is necessary about the configuration in 
Figure 11. Simple modifications to the counter and 
decoder circuitry would allow this circuit to handle sixteen 
channels. A four·llne to sixteen·llne decoder would 
replace the three to eight decoder and the clock would 
directly enable the decoder during the logic low clock 
period. All sixteen channels would be scanned every 16 p,s 

- and the scan Interval for each channel would be one p,s -

,os ..., .. _____ --1 

one-half,.s of memory access time and one-half "'s of bus 
guard time. 

The last multichannel circuit Is shown In Figure 14. This 
scheme reduces the number of wires needed between the 
speech ROM and each SPC channel. By multiplexing 
address and data over the same parallel bus, fewer wires 
are needed. This approach Is particularly attractive when 
each SPC channel is located on an Individual circuit card. 
A telephone central office or PABX announcement system 
is a typical example of a channel per card arrangement. 
Figure 14 represents that type of system. 

As shown in Figure 15, each channel of the unified bus 
approach Is scanned for one "'s. As many as sixteen chan· 
nels, therefore, can be scanned during the ROMEN high 
cycle of any SPC. During each channel scan, the bus is 
gated to transmit the ROM address to latches on the ROM 
,circuit board. The address Is sent in two bytes. After a brief 
delay of one-half ,.s, the bus Is gated to return the 
requested ROM data to the same SPC channel. This data' 
is then latched on the SPC channel card. This scheme Is 
very straightforward. It exchanges reduced interconnect 
wiring for additional logic circuits. 

To minimize Interconnect wiring when using a unified bus 
structure, the SPC control logic would probably be con
figured on a per channel basis. The COP mlcrocontroller, 

OC..., .. _______________________ ~ 

TRI·STATe- Is a registered trademark of 
NaUonal Semiconductor COrp. 

00..., .. _____________________ ___ 

VO 

VI 

i-DNE CHANNEL (2 •• 1 
, 

ROM DATA CLOCKED INTO 
SELECTED 74LS374 DATA 

; LATCH ON RISING EDGE 

• Note: Selected 81 LSSS output enabled durIng 
thIs Interval. Output Is current ROM address 
code from SPC. 

FIGURE 12. Multichannel Timing blagram 

r- ONE MM54104 SPEECH ROM FETCH CYCLE-I 

ROMI~::~~ .J I r 
1-~20~ ,I· 20 .. -1 
I " III 

I: SPC about to output the next ROM address. 
Address will remaIn valid for remaInder of 
the cycle 

II: Valid ROM data must be available to SPC 
shortly aiter thIs poInt 

III: Cycle ends, new cycle begIns ImmedIately 

FIGURE 13. MM54104 SPC Speech Memory Cycle Timing 
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once again, Is a logical choice for this function. The COP 
controller initiates and assembles a group of fixed 
messages. Because of general similarities between the 
various messages, phrase sirings are used to construct 
each finished message. Also, the circuit in Figure 14 
allows one message to contain a non-fixed message-a 
telephone number. The COP controller reads a group of 
program switches or receives iii down-loaded number from 
the switching system's central processor. It then inserts 
this number into the appropriate place during the syn-

thesis of the following typical message-"The number 
you are calling has been changed. The new number is 
555-3434". The ROM librarY in this case contains the 
phrases required for message construction and the data 
needed to synthesize the name of each decimal digit. The' 
library could aiso coritain the names of the teen digit pairs, 
and the words "hundred" and "thousand". These would be 
used to synthesize the words "thirteen hundred" or "two 
thousand", etc. 

SPEECH 
RDM 

VCC 74lS161 74lS139 

IZ 

TDADDITIDNAl r------------------'------------.., 
CHANNELS r.J------:..------------------__ _ 

~L--------------------------' 
r-I---------------------------., 
I DNE CHANNEL , 

MM54104 
SPC 
AND 

CDNTRDl 

ClK 

I,_.J 
....... .. ______________________ , _______ 1 

11 

~'D~=======!} ADDITIDNAl R 9 CHANNELS 

VaD 
17V-11VI 

Ik *SILS95 octal buffer 
1/67417 

'4MH' __ .. ____ +-:;,..-________ -l • * 74LS374 octal register ClQCK > _________ .... ___ ...J 

FIGURE 14_ Multichannel Synthesizer with Unified Bus 

DO 1 .. _____ --' 
DC 1 .. ________________________ --, 

aDI~------------------------~---------
I-,----'DNE CHANNEL SCAN (I "sl----~ 

csol .. ________________________ --' 

~ ~ HIGH ADDRESS 

U ~DW ADDRESS 

LjRDMDATA 

FIGURE 15_ Multichannel (Unified Bus) Timing Diagram 
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SUMMARY 

This application note describes some of the versa
tlllty, and flexibility of the National Semiconductor 
DIGITALKER™ System. This system provides low cost 
speech and tone synthesis for products ranging from 
consumer Items to computers. It provides a reliable alter
native to mechanical systems (I.e., tape decks) wlthollt 
sacrificing voice quality. Also described In this note are a 
few of the most popular circuit arrangements possible 
with the DIGITALKERTM. Of particular Inlerest are the 
methods outlined to assemble whole messages from 
phrase groups and the sCh'emes used for multichannel 
synthesizer systems. This latter application is particularly 
Interesting because of the memory savings for the 
multichannel user. 
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I. RELIABILITY vs. QUALITY 

The words "reliability" and "quality" are often used 
interchangeably. a~ though they connoted identical 
facets of a product's merit. But reliability and quality are 
different, and !C users must understand the essential 
difference between the two concepts in order to properly 
evaluate which of National's extended screening 
programs, A+ or B+ will offer the most cost effective 
product improvement for his application. 

QUALITY 

The concept of QUALITY gives us information about the 
population of faulty IC devices among good devices, 
and generally relates to the number of faulty devices 
that arrive at a user's plant. Looked at in another way, 
quality then relates to the number of faulty IC's that 
escape detection at the IC vendor's plant. 

.A.t !'!!!t!O!1=". it i~ th .. rh"rtpr nf thp. OIl"litv Control (DC) 

Operation to 'continually monitor and red~ce the n~mber 
of faulty IC's that escape detection. QC does this by 
testing the outgoing parts on an Acceptance Quality 
Level (AQL) basis. ' The tighter the AQL testing, the 
more difficult it becomes for a defebtive part to escape 
detection, thus the quality of the shipped product 
increases. 

RELIABILITY 

The concept of RELIABILITY, on the other hand, refers 
to how well a part that'is initially good will withstand its 
environment. Reliability cannot be tested into a device. 
Reliability is principally a function of device design, die 
size, power diSSipation, assembly methods and material, 
etc. Still there are tests and procedures that an IC 
vendor can implement which will subject the IC 'to stress 
in excess of what it will endure in actual use, which will 
eliminate marginal, short-life parts. 

On this basis, it is easily seen that it is possible that 
high quality IC's may, iii fact, have low reliability, while 
low quality IC's may have high reliability. The object of 
extended screening programs is: (1) to enhance the 
quality by reducing the population of faulty devices 
among good devices and by 50 doing, eliminate the 
costly requirement of incoming tests by. the user, and 
(2) provide maximum long term reliability minimizing 
equipment down-time, costly repairs and maintenance. 

II. QUALITY SAVES YOU MONEY 

When an IC vendor specifies 100% final testing of his 
parts then, in theory, every shipped part should be a 
good part. However, in any population of mass
produced items there does exist a small percentage of 
defective parts. 

One of the best ways to reduce the number of such 
faulty parts is, simply, to retest the parts prior to 
shipment. Thus, if there is a one percent chance that a 
bad part will escape detection initially, retesting the 
parts reduces that probability to only 0.01 percent. This 
is exactly what tightening of the outgoing AQL level 
achieves. 
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WHAT IS AQL? 

A good example of savings which can be achieved by 
taking advantage of tighter AQL(1) inspection levels is 
illustrated as follows: 

Assume a system uses 100 devices of a certain type 
which are procurred to a 1 % AQL level, and no 
incoming inspection/testing is done by the user. 
Statistically it can be shown that the number of 
systems that will require rework will be 80% of all 
systems manufactured! " enough devices are 
purchased to manufacture 100 systems (10,000 
devices) and the cost to trouble shoot and repair each 
system is $30.00, the total cost of repair will be 
$2,400 (80% of 100 systems at $30.00 each). 

Thus, the need for some preliminary component 
screening prior to system assembly becomes obvious. 

.However, if the same devices are procurred to a 0.14% 
AQL level, which is seven times tighter than originally 
assumed, it can be shown that the number of systems 
requIring reworK is reouGt::u uy cl lc1lilUI vi iUU'", IIV·'-',';vut 
the need for incoming inspection. 

Thus, on a 100 system basis, 20 systems will require 
repair at $30.00 per system, or a total of $600.00. A 
savings 01 $1,800 is realized, and the user need not 
invest in expensive capital equipment, procedures, and 
paper work. 

On a "savings per device" basis, this is a savings of 1 S' 
per device. Indeed, Quality saves you money! 

This is the value added by the A+ and B+ Linear 
programs. 

III. RELIABILITY SAVES YOU MONEY 

With the increased population of integrated circuits in 
modern electronics systems has come an increased 
concern with IC failures. And rightly so, for at least two 
major reasons. First, the effect of component reliability 
on system reliability can be qu~e dramatic. For 
example, suppose that you, as a system manufacturer, 
were to choose an IC that is 99% reliable. You would 
lind that il your system used only 70 such IC's the 
overall reliablility of the system's IC portion would be 
only 50%. 

In other words, 'one out of every two systems in the field 
would fail. The result? A system that is very costly to 
produce, costly to maintain, and probably very difficult to 
sell. 

Second, whether the system is large or small you 
cannot afford unnecessary maintenance costs. Not only 
have labor, repair and rework costs risen - and 
promise to continue to rise - but also, field replacement 
may be prohibitively expensive or impossible. If you ship 
a system that contains a marginally performing IC, and 
that IC later fails in the field, the cost of repair and 
replacement may be literally hundreds of times more 
than the cost of the failed IC itself. 

(1) AQL testing is not to be confused with "in process" or electrical 
parameter testing in the normal product flow. All National prod
ucts Bfe 100% tested for electrical data sheet parameters. 
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IV_ IMPROVING THE RELIABILITY OF SHIPPED 
PARTS 

As was pre·,iously mentioned, reliability, in the true 
sense cannot be tested into a product. The most 
important factors that affect reliability are design, 
construction, materials and the assembly method. 
However, many of these can be examined and 
monitored by testing. As a matter of routine, National 
frequently performs 1000 hour burn-in life test and 
accelerated life tests to continually guarantee the quality 
and reliability of the linear product which is being 
shipped to customers. For example, the quality of the 
die attach for voltage regulators can be monitored by 
observing the thermal characteristics associated with 
"pulse loading" the regulator. This is a technique which 
National Linear pioneered over 1 o 'years ago and still 
performs on a 100'%' basis on three terminal regulators 
at no additional cost to the user. Many such tests, 
including destructive and non-destructive wire bond pull 
tests are a matter of routine with National. 

Further, in any test of reliability, the weaker parts will fail 
first. Stress tests will accelerate, or shorten the time of 
failure of the weak parts. Because the stress test 
causes weak parts to fail prior to shipment, the 
population of shipped parts will in fact demonstrate a 
higher reliability. 

One of, if not the most effective screening procedures in 
the Semiconductor industry, is the use of'a burn-in to 
stress and accelerate the failure of weak parts. 

Thus, burn-in screen plus the tightened AOL outgoing 
testing, is the key to the A+ Linear Program. 

QUALITY AND RELIABILITY PROGRAMS FOR 
MOLDED LINEAR PRODUCTS 

One concern, with regard to quality and reliability in 
molded plastiC products, is the problem of thermal 
intermittents. This problem first came to light in 1970 
and plagued all semiconductor manufacturers. Since 
that time considerable efforts have been focused on 
improving lead bonding and lead frames to make them 
stronger and more reliable as well as improvements in 
the package molding material itself. 

• To better understand the problems a brief discussion of 
thermal intermittents is in order. 

Because wires and bonds are completely imbedded in 
plastic, molded integrated circuits are extremely 
rugged devices. They can survive mechanical shock 
and vibration conditions which would literally tear the 
bonds and wires to pieces in a cavity type package. 
However,.the non-caVity construction does present a 
unique problem. Sould a bond fracture or a wire 
break for some reason, the broken bond will remain in 
contact as long as the surrounding encapsulant 
continues to exert a compressive force on the bond. 
However, as the temperature increases, the 
compressive forces tend to relax due to the thermal 
mismatches between the lead frame, die, wires and 
the plastiC. 

Ultimately, if a high enough temperature is reached, 
the broken bond will separate, causing an electrical 
discontinuity. The phenomenon ,is frequently 
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reversible, that is, as temperature decreases, 
electrical continuity is restored. This type of 
discontinuity is commonly referred to as a THERMAL 
INTERMITIENT OPEN. If electrical continuity does 
not return when the package temperature returns to 
ambient, then a permanent open has occurred. 

If such defects occur during the manufacturing cycle 
of the device, and are not screened out by the 
manufacturer's testing sequence or by some 
screening test imposed by the user, they will show up 
as infant mortality failures in the user's equipment. If 
they occur during the user's equipment manufacturing 
cycle (due to solder heat exposure, for example) they 
will also show up as infant mortality failure_ 

The best way to s~reen for this phenomenon is to 
perform temperature cycling and "Hot Rail" testing after 
the device has been manufactured. The temperature 
cycling will stress the package mechanic.ally to force the 
intermittent to occur if such a failure exists. The "Hot 
Rail" testing is performed to determine the functionality 
of the device at 100"C to ensure there are no open 
bonds at the worst case condition. 

NATIONAL'S B+ LINEAR PROGRAM GETS 
IT ALL TOGETHER 
We have stated that the B+ program improves both the 
quality and reliability of National's molded integrated 
circuits, and pointed out the difference between those 
two concepts. Now, how do we bring them together? 
The answer is in the B+ program processing, which is a 
continuum of stress and double testing. With the 
exception of the final OC inspection, which is a 
tightened sample program, all steps of the B + process 
are p,erformed on 100'%' of the parts. The following flow 
chart shows how we do it, step by step. 

EPOXY B PROCESSING FOR ALL MOLDED 
PARTS -
At National, all molded semiconductors, 
including IC's have, been built by this process 
for some time. All processing steps, ' 
inspections and OC monitoring are designed to 
provide highly reliable products. (Reliability 
reports are available that give, in detail, the 
background of Epoxy B, the reason for its 
selection at National and reliability data that 
proves its success.) 

SIX HOUR, IS0aC BAKE -
This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(O"C to 1 OO°C) 
ExerCising the circuits over a 100°C 
temperature range further stresses the bonds 
and eliminates marginal bonds missed during 
the bake. 

ELECTRICAL TESTING 
These room-temperature functional and 
parametric tests are the normal final tests 
through which all National products pass. 



HIGH TEMPERATURE (100'C) FUNCTIONAL 
ELECTRICAL TEST -
A high temperature test such as this with 
voltages applied places the die under the most 
severe stress possible. The test is actually 
performed at 100'C - 30'C higher than the 
commercial ambient limit. All devices are 
thoroughly exercised at the 100'C ambient. 
(Even though Epoxy B processing has virtually 
eliminated thermal intermittents, we perform 
this test to ensure against even the remote 
possibility of such a problem.) 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS -
This is the second time that room-temperature 
functional and parametric tests are performed 
to National data sheet electrical limits. 

TIGHTER-THAN-NORMAL QC INSPECTION 
PLANS -
Most vendors sample inspect outgoing parts to 
~ ,.., I':'!r,..,., I~~: .... __________ .... ..jr-t\ "'"" 11111-._ .... 

.... v .......... /' \'-', III .... v"' ........ u ............... '/' J r"""' ........ ,' .... " 

you specify the B+ program, however, not only 
do we sample your parts to a 0.28% AOL for 
all data sheet dc parameters, but they receive 
a 0.14% AOL for functionality as well. 
(Functional failures - not parameter shifts -
cause most system failures.) Thus, the five to 
seven-times tightening of the AOL procedure 
gives a substantially higher quality to your B+ 
parts. And you can rely on the integrity of your 
received IC's without incoming tests at your 
facility. 

SHIP PARTS 

Here are the OC Procedures used in our B+ test 
program: 

TEST TEMPERATURE AQL 
Electrical Functionality 25'C 0.14o/r 
Parametric, dc 25'C 
Major Mechanical 25'C 
Minor Mechanical 25'C 

NATIONAL'S A+ LINEAR PROGRAM 
THE ULTIMATE IN QUALITY AND 
RELIABILITY 

0.28% 
0.25% 

1% 

National has combined the successful B+ program with 
the Military/Aerospace processing specifications and 

,provides the A+ program as the best cost-effective 
approach to maximum quality and reliability on molded 
devices. The following flow chart shows how we do it 
step by step. The major difference between B + and the 
A+ is the burn-in associated with the A+ program. 

SEM -
Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

EPOXY B SEAL -
At National, all molded semiconductors, 
including IC's have been built by this process 
for some time. All processing steps, 
inspections and OC monitoring are designed to 
provide highly reliable products. 

SIX HOUR, 150'C BAKE -
This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(O'C to 100'C) -
Exercising the circuits over 100'C temperature 
range further stresses the bonds and 
eliminates any marginal bonds missed during 
the bake. 

ELECTRICAL TESTING -
These room-temperature functional and 
parametric tests are the normal final tests 
through which all National products pass. 

BURN-IN TEST -
Devices are stressed at maximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STD-883A, Method 
1015.1. 

HIGH TEMPERATURE (100'C) FUNCTIONAL 
ELECTRICAL TEST -
A high temperature test with voltages applied 
places the die under the most severe stress 
possible. The test is actually performed at 
100'C - 30'C higher than the commercial 
ambient limit. All devices are thoroughly 
exercised at the 100'C ambient. 

1000/c DC FUNCTIONAL AND 
PARAMETRIC TESTS -
This is the second time that room-temperature 
functional and parametric tests are performed 
to National data sheet electrical limits. 

TIGHTER-THAN-NORMAL QC 
INSPECTION PLANS -
Most vendors sample inspect outgoing parts to 
a 0.65o/r (or in some cases a 1o/r) AOL. When 
you specify the A + program, however, not only 
do we sample your parts to a 0.28o/r AOL for 
all data sheet dc parameters, but they receive 
0.14o/r· AOL for functionality as well. (Functional 
failures - not parameter shifts beyond spec -
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling AOL 
procedure gives a substantially higher quality 
to your A+ parts. And you can rely on the 
integrity of your received IC's without incoming 
tests at your facility. 

SHIP PARTS 

Here is the OC procedure useg in our A + test program: 

TEST 
Electrical Functionality 
Parametric, dc 
Major Mechanical 
Minor Mechanical 

TEMPERATURE 
25'C 
25'C 
25'C 
25'C 

AQL* 
0.14% 
0.28% 
0.257< 

1% 
* Note: New AQL's will be in effect June '82. Consult your local 

Sales Office. 
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QUALITY AND RELIABILITY PROGRAM FOR 
HERMETIC PACKAGED LINEAR PRODUCT 

An improved quality and' reliability program, similar to 
that which is available for molded products, is also 
available for commercial temperature range hermetic 
packages. 
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There is one major difference between the molded A+ 
program and the hermetic package A+ program. Since 
there is no material in contact with the wire bonds in a 
hermetic package, the need for "Hot Rail" functional , 
testing at 100"C is of no benefit and therefore not 
included. The devices are electrically testell (100%), 
then burned-in and then '1 00% electrically tested again_ 
If a bond failure were to occur during burn-in, there is 
no material in contact with the bond (such as plastic in 
the case of molded products) that would tend to restore 
the bond when the device cooled. The result is that a 
weak bonding wire, once broken causing an "open" will 
remain open and be caught at the second 100% 
electrical screening. , 

The A+ hermetic package program flow chart is shown 
below. 

NATIONAL'S A+ PROGRAM FLOW CHART 
FOR HERMETIC PACKAGES 
National has extended the successful B+ and A+ 
molded product programs to hermetic packages. We 
believe this to be the best practical approach -to 
maximum quality and reliability for commercial devices. 
The following flow chart explains this program step by 
step . 

SEM -
Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

ASSEMBLY AND SEAL -
_ All processing steps, inspections, and QC 

monitoring are designed to provide highly 
reliable products. MIL-STD-883 is the guideline 
by which all linear products are manufactured. 

SIX HOU,R, 150°C BAKE -
This stress places th,e die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

ELECTRICAL TESTING -
Every device will be 100% tested at 25°C for 
functional and dc parameters. 

BURN-IN -
Devices are stressed at maximum operating 
condition'> to eliminate marginal devices. Test 
is performed per MIL-STD-883A method 
1015.1. 

DC FUNCTIONAL AND 
PARAMETRIC TESTS -
These room temperature functional and 
parametric tests are the normal, final tests 
through which all National products pass. This 
is the second time 100% electrical testing is 
performed. 

TIGHTER-THAN-NORMAL QC 
INSPECTION PLANS -
Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AQL. When 
you specify the A+ program, however, not only 
do we sample your parts to a 0.28% AQL for 
all data sheet dc parameters, but they receive 
0.14% AQL for functionality as well. (Functional 
failures - not parameter shifts beyond spec -
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling 
procedure gives the highest quality to your A+ 
parts. And you can rely on the integrity of your 
received IC's without incoming tests at your 
faCility. 

SHIP PARTS 

Here are the QC Sampling plans used in 
our A+ test program: 

TEST 
Electrical Functionality 
Parametric, dc 
Major Mechanical 
Minor Mechanical 

TEMPERATURE 
25°C 
25°C 
25°C 
25°C 

AQL* 
0.14% 
0.28% 
0.25% 

1% 

FIVE TEMPERATURE CYCLES 
(DOC to 100°C) -

• Note: New AQL:s will be In effect June '82. Consult your local 
Sales Office. 

Exercising the circuits over 100°C temperature 
range further stresses the bonds and 
eliminates any marginal bonds missed during 
the bake. 

PROCESS FLOW 

DESCRIPTION 

100% High Temperature Storage - 6 Hours @ 150°C 
100% Temperature Cycling, 5 Cycles - 0° to 100°C 
100% Burn-in per MIL-STD-883A, Method 1015.1 
100% High Temperature Test for Functionality at 100% 
100% DC Functional parametric Tests at Room Temperature 
Tightened QC Inspection Plan 

MOLDED 
N PACKAGE 

A+ 

x 
X 
X 
X 
X 
X 

B+ ' 

X 
X 

X 
X 
X 

a.C. SAMPLE PLAN 

TEST 

Electrical Functionality 
Parametric, dc 
Major Mechanical 
Minor Mechanical 

TEMPERATURE 

25°C 
25°C 
25°C 
25°C 
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AQL 

0.14% 
0.28% 
0.25% 

1% 

HERMETIC 
H ANDJ 

PACKAGE 

A+ 

X 
X 
X 

X 
X 



A synopsis of the A+ and B+ programs is shown on 
the preceding page. Also shown below is a listing of 
some of the most popular devices which are processed 
to this program and are readily available. 

For more information about this, or other National Linear 
programs, please contact your local representative. 

LF13331 
LF13741 
LF347 
LF351 
LF353 
LF355 
LF356 
LF357 

LM1458 LM307 LM324 LM3900 LM723C 
LM1496 LM308 LM3301 LM393 LM725C 
LM2900 LM3080 LM3302 LM4250C LM733 
LM2901 LM310 LM339 LM555C LM741C 
LM2902 LM311 LM3401 LM556 LM747C 
LM2903 LM318 LM346 LM566 LM748C 
LM2904 LM319 LM348 LM567 
LM301A LM358 LM709C 

LM360 
LM361 

SUMMARY 

The B+ program, although offering improved Reliability 
attendent with additional stress testing, is primarily 
aimed at enhanCing the quality of incoming devices and 
thus eliminating the need for incoming testing by the 
user. This program offers significant cost savings to the 
user and eliminates the need for the investment in 
expensive capital equipment to perform this testing. For 
all general, but relatively non-critical circuits, the B+ 
program is the most cost-effective. 
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The A+ program incorporates not only the quality 
inherent with B+ program, but also adds burn-in for the 
ultimate In Reliability testing. The A+ program is 
recommended as the most cost-effective program for 
components which the user deems to be the most 
critical in his system. 

Both programs, A+ and B+, incorporate high 
temperature stress, double testing, and very tight 
out-going AOL OC proce'edures. 

ORDER INFORMATION 

Any of the devices listed molded or hermetic package, 
may be ordered to the A+ program simply by adding 
the term A+ behind the device number, with a slash (/) 
in between. 

Examples: 

LM348N/A+ 
LF356H/A+ 

LM1458J/A+ 

Likewise, any moloeo (N pacKage) proauCI may ['" 
ordered to the B+ program by adding the term B+ 
behind the device number. 

Examples: 

LF351N/B+ . 

LM741CN/B+ 

For devices not listed, contact your local National 
Semiconductor Sales office for information on 
availability and ordering information. 
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~NaHonal 
~ Semiconductor 
MI L-STD-883 
Mil-Stimdard-883 is a Test Methods and Procedures 
Document for Microelectronic Circuits. It was 
derived from MIL-S-19500, MIL-STD-750, and 
MIL-STD-202C for transistors and diodes at about 
the time that National Semiconductor Corporation 
was entering the military microelectronics market. 
As a result, our standard quality control oPllrations 
are written around MIL-STD-883. The bonding 
control, visual inspections, and post seal screening 
requirements set forth by 883 (as well as added 
control, procedures beyond the requirements of 
883) have beel) part of National's quality control 
procedures almost from the start. Our Qual ity 
Assurance Procedures Manual is available upon 
request. 

We offer a complete line of linear/88:3 (Class B) 
products as standard, off-the-shelf items. Special 
Linear/883 data sheets have been prepared to 
reflect this capability. They show process flow, 
electrical parameters, end of test criteria, and test 
circuits. We save you the problem of specifying test 
and inspection procedures, and offer significant 
cost savings by having an off-the-shelf, "to the 
letter" 883 program. In addition, we will test any 
of our integrated circuits to any class of MI L
STD-883. 

MIL-M-38510 

MIL-M-38510 specifies the general requirements 
for supplying microcircuits. These are; product 
assuran~e, which includes screening and quality 
conformance inspection; design and construction; 
marking; and workmanship. The screening and' 
quality conformance inspection are conducted in 
accordance with MIL-STD-883. 

Screening 

All microcircuits'delivered in accordance with MIL
M-38510 must have been subjected to, and passed 
all the screening tests detailed in Method 5004 of 
MIL-STD-883 for the type of microcircuit and 
product assurance level. 

The 'device electrical and package requirements of 
MI L-M-38510 are detailed by a device specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit electrical performance and mech
anical requirements. Each device listed on a slash 
sheet is referred to as a slash number and the group 
of the microcircuits contained on a slash sheet is 
defined as a family of devices. The device may be 
Class B or C as defined by MIL-STD-883, Method 
5004 and 5005. Three lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 

The MI L-M-38510 specs for standard linear devices 
require 100% DC testing at 25°C, _55°C and 
+125°C. AC testing is performed at +25°C. The 
electrical parameters specified are tighter than the 
normal data sheet guaranteed limits. Additionally, 
MIL-M-38510 requires device traceability, exten
sive documentation and closely matched mainten
ance. 
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Quality Conformance 
Quality conformance inspection is conducted in 
accordance with the applicable requirements of 
Group A, (electrical test). Group Band C, (environ
mental test) of Method 5005, MIL-STD-883. These 
tests are conducted on a sample basis with GroupA 
performed on each sublot, Group B on each lot, 
and Group C as specified (usually every three 
months). ' -

To supply devices to MIL-M-38510, the IC manu
facturer must qualify the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's.intent 
to qualify to MIL-M-38510. After passing compre
hensive audits of facilities and documentation 
systems, the IC manufacturer will subject the 
device to and demonstrate that they satisfy all of 
the Group A, B, and C requirements of Method 
5905 of MIL-STD-883 for the specified classes and 
types of IC. The qualification tests shall be moni
tored by the qualifying agency. Finally the IC 
manufacturer shall prepare and submit qualifica
tion test data to the qualifying agency. Groups A, 
B, and C inspections then shall be performed at 
intervals no greater than three months. 

The purpose of qualification testing is to assure 
that the device and lot quality conform to certain 
standard limits. In effect, lot qualification tests 
tend to ensure that once a particular device type 
is demonstrated to be acceptable" it's production, 
including materials, processing, and testing will 
continue to be acceptable. These limits are speci
fied in MIL-STD-883 in terms of LTPD's (Lot 
Tolerance Percent Defective) for the various quali
fication test sub-groups. Qualification testing is 
performed on a ~ample of devices'which are chosen 
at random from a lot of devices that has satisfac
torily completed the screening of Method 5004 
must be performed on each device, i.e. on a 10P% 
basis as opposed to qualification testing (Method 
5005) which occurs' on a random sample basis. 

In summary, the entire purpose of M I L-M-38510 
and MIL-STD-883 is to provide the military, 
through its contractors with standard devices. 

We at National Semiconductor have supplied and 
are supplying devices to the MIL-M-38510 specifi
cations. To order a MIL-M-38510 microcircuit, 
specify the following: 

,For example; to specify a~ LM741 in a DIP 
'processed to the requirements of M I L-M-38510, 
Class B, with gold plated leads, specify M-385101 
101 01 BCC. 

MMJ851 01 XXX xx X x x -,- I I I I I 
Specifies the Slash Device Device Case lead 

General Require- Sheet Type Class Outline Finish 
mentsof No, 

MIL-M-38510 



National National c: 
Device No. Function Direct Device No. Function Direct ~ 

Replacement Replacement CD m ... 
FAIRCHILD FAIRCHILD . (Continued) 0 
,A101AHM General Purpose Op Amp LM101AH ,A2901PC Dual Internally Compensated Op Amp LM2901N a ItA102HM Voltage Follower LM102H I,A3046DC Transistor Array LM3046N 
,A107HM General Purpose Op Amp LM107H ~3064PC TV Automatic Fme·Tunmg CirCUit LM3064N 0 
,A108AHM Super Beta Op Amp LM108AH ,A3075PC FM IF LlmlterlDetectorfAudio Preamplifier LM3075N 0 
,A108HM Super Beta Op Amp LM108H ,A3086PC TranSistor Array LM3086N 
,A110HM Voltage Comparator LM110H ,A3301P Quad Single Supply Amplifier LM3301N ::D 
,A111HM Voltage Comparator LM111H ,A3302P Quad Comparator LM3302N CD 
,A111RM Voltage Comparator LM111J·8 ,A3401P Quad Single Supply Amplifier LM3401N -~201AHM General Purpose Op Amp LM201AH ,AF111HM Voltage Comparator LF111H CD 
,A201AT General Purpose Op Amp LM201AN ,AF211HM Voltage Comparator LF211H ca ,A207HM General Purpose Op Amp LM207H ,AF311HC Voltage Comparator LF311H 
,A208AHM Super Beta Op Amp LM208AH ::::s 
,A208HM Super Beta Op Amp LM208H MOTOROLA n 
,A301AHC General Purpose Cp Amp LM301AH CD 
,A301ATC General Purpose Op Amp LM301AN LF155AH Monolithic JFET Op Amp LF155AH 

,A302HC Voltage Follower LM302H LF155H Monolithic JFET Op Amp LF155H C) 
,A307HC General Purpose Op Amp LM307H LF156AH Monolithic JFET Op Amp LF156AH C 
,A30lTC General Purpose Op Amp LM307N LF156H Monolithic JFET Op Amp LF156H s:: ,A308AHC Super Beta Op Amp LM308AH LF157AH Monolithic JFET Op Amp LF157AH 

,A308HC Super Beta Op Amp LM308H LF157H Monolithic JFET Op Amp LF157H CD •• ___ , ....... _ ,ro ........... _ • _._ 
,A309KC 5 Volt Regulator LM309KC ... , ............. " ,., .... """ • ." ...... ' .... ' "'jJl"\II'jJ ... , ......... ,...." 

,A310HC Voltage Follower LM310H LF355H Monolithic JFET Op Amp LF355H 

I,A311HC Voltage Comparator LM311H LF355N Monolithic JFET Op Amp LF355N 

,A311R Voltage Comparator LM311J·8 LF356AH Monolithic J FET Op Amp LF356AH 

~311TC Voltage Comparator LM311N LF356H Monolithic J FET Op Amp LF356H 

,A324PC Quad Op Amp LM324N LF356N Monolithic J FET Op Amp LF356N 

,A339APC Quad Comparator LM339AN LM117H 3·Terminal Adj. Posltiv~ Regulator LM117H 

I,A339PC Quad Comparator LM339N LM117K 3·Terminal Adj. Positive Regulator LM117K 

I,A376TC Voltage Regulator LM376N LM123K Positive Voltage Regulator LM123K 

,A555HC Single Timmg Circuit LM555CH LM317H 3·Terminal Adj. Positive Regulator LM317H 

~555HM Single Timing Circuit LM555H LM317K 3·Terminal Adj. Positive Regulator LM317K 

"A555TC Single Timing Circuit LM555CN LM317T 3·Terminal Adj. Positive Regulator LM317T 

~556PC Dual Timmg Circuit LM556CN MC1303P Dual Stereo Preamplifier LM1303N 

~709AHM High Performance Op Amp LM709AH MC1310P FM Stereo Demodulator LM1310N 

~709HC High Performance Op Amp LM709CH MC1408L6 8·Bit Multiplying D/A Converter LM1408J-6 

~709HM High Performance Op Amp LM709H MC1408L7 8·Bit Multiplying D/A Converter LM1408J·7 

"A709PC High Performance Op Amp LM709CN MC1408L8 8·Bit Multiplying D/A Converter LM1408J·8 

"A709TC High Performance ap Amp LM709CN·8 MC1408P6 8·Bit Multiplying D/A .Converter LM1408N·6 

"A710HC High Speed Differential Comparator LM710CH MC1408P7 8·Bit Multiplying Of A Converter LM1408N·7 

"A710HM High Speed Differential Comparator LM710H MC1408P8 8·Bit Multiplying D/A Converter LM1408N·8 

"A710PC High Speed Differential Comparator LM710CN MC1414L Dual Differential Comparator LM1414J 

,A711HC Dual Comparator LM711CH MC1414P Dual Differential Comparator LM1414N 

"A711HM . Dual Comparator LM711H MC1496G Balanced Modulator·Demodulator LM1496H 

"A711PC Dual Comparator LM711CN MC1496P Balanced Modulator·Demodulator LM1496N 

~723DC Precision Voltage Regulator LM723CJ MC1508L8 8·Bit Multiplying Of A Converter LM1508D-8 

"A723DM Precision Voltage Regulator LM723J MC1514L Dual Differential Comparator LM1514J 

~723HC Precision Voltage Regulator LM723CH MC1596G Blanced Modulator·Demodulator LM1596H 

"A723HM Precision Voltage Regulator LM723H MC1710AG Differential Comparator LM710AH 

"A723PC Precision Voltage Regulator LM723CN MC1710CG Differential Comparator LM710CH 

"A725AHM Instrumentation Op Amp LM725AH MC1710CP Differential Comparator LM710CN 

"A725HC Instrumentation Op Amp LM725CH MC1710G Differential Comparator LM710H 

"A725HM Instrumentation Op Amp LM725H MC1711CG Dual Differential Comparator LM711CH 

"A733HC Differential Video LM733CH MC1711CP Dual Differential Comparator LM711CN 

"A733HM Differential Video LM733H MC1711G Dual Differential Comparator LM711H 

~741AHM Frequency Compensated Op Amp LM741AH MC1723CL Adj. Positive or Negative Volt. Regulator LM723CJ 
,A741DC Frequency Compensated Op Amp LM741CJ·14 MC1723CP Adj. Positive or Negative Volt. Regulator LM723CN 
~741EHC Frequency Compensated Op Amp LM741EH MC1723L Adj. Positive or Negative Volt. Regulator LM723J 

"A741HC Frequency Compensated Op Amp LM741CH MC1733CG, Differential Video Amp LM733CH 
~741HM Frequency Compensated Op Amp LM741H MC1733CP Differential Video Amp LM733CN 

"A741PC Frequency Compensated Op Amp LM741CN·14 MC1733G Differential Video Amp LM733H 

"A741RC Frequency Compensated Cp Amp LM741CJ MC1741CG General Purpose Op Amp LM741CH 
~741TC Frequency Compensated Op Amp LM741CN MC1741CL General Purpose Op Amp LM741CJ-14 
~746PC Chroma Demodulator LM746N MC1741CP1 General Purpose Cp Amp LM741CN 

~747AH~ Dual Frequency Compensated Op Amp LM747AH MC1741CP2 Generia Purpose Op Amp LM741CN-14 
~747EHC Dual Frequency Compensated Op Amp LM747EH MC1741G General Purpose Op Amp LM741H. 
~747HC Dual Frequency Compensated Cp Amp LM747CH MC1741L General Purpose Op Amp LM741J·14 
"A747HM Dual Frequency Compensated Cp Amp LM747H MC1741U General Purpose Op Amp LM741J 
"A747PC Dual Frequency Compensated Op Amp LM747CN MC1747CG Dual MC1741 Op Amp LM747CH 
,A748HC Op Amp LM748CH MC1747CL Dual MC1741 Op Amp LM747C~ 

~748HM Op Amp LM748H MC1747CP2 Dual MC1741 Op Amp LM747CN 
~748TC OpAmp LM748CN MC1747G Dual MC1741 Op Amp LM747H 
~760HC High Speed Differential Comparator LM760CH MC1747L Dual MC1741 Op Amp LM747J 

191 ,A796HC 3·Terminal.Posltive Voltage Regulator LM1496H MC1748CG General Purpose Op Amp LM748CH 
"A796PC 3·Terminal Posillve Voltage Regulator l.M1496M MC1748CP1 General Purpose Op Amp LM748CN 
~798HM Dual Op Amp LM358H MC1748CU General Purpose Op Amp LM748CJ 
~1558HM Dual Internally Compensated Op Amp LM1558H MC1748G General Purpose Op Amp LM748H 
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Device No. Function 

MOTOROLA (Continued) 

MC1748U General Purpose Op Amp 
MC2901P Quad Comparator 
MC2902P Quad Op Amp 
MC3301P Quad Op Amp 
MC3302P Quad Comparator 
MC3401P Quad Op Amp 
MC34001AP 
MC34022BP 
MC78XXCK Positive Voltage Regulator 
MC78XXCT Positive Voltage Regulator 
MC78LXXACG Positive Voltage Regulator 
MC78LXXACP Positive Voltage Regulator 
MC78LXXCG Positive Voltage Regulator 
MC78LXXCP Positive Voltage Regulator 
MC79XXCK Negative Voltage Regulator 
MC79XXCT Negative Voltage Regulator 
MC79LXXACP Negative Voltage Regulator 
MC79LXXCP Negative Voltage Regulator 
MLM101AG Gen. Purpose Adj. Op Amp 
MLM101AU Gen. Purpose Adj. Op Amp 
MLM107G General Purpose Op Amp 
MLM107U General Purpose Op Amp 
MLM10BAG Precision Op Amp 
MLM108AU Precision Op Amp 
MLM109G Positive Voltage Regulator 
MLM110G Unity Gain Op Amp 
MLMll0U Unity Gain Op Amp 
MLMlllG Voltage Comparator 
MLMll1L Voltage Comparator 
MLMlllU Voltage Comparator 
MLM124L Quad Op Amp 
MLM124P Quad Op Amp 
MLM139AL Quad Comparator 
MLM139L Quad Comparator 
MLMI56G Dual Op Amp 
MLM201AG General Purpose Op Amp 
MLM201API General Purpose Op Amp 
MLM207G General Purpose Op Amp 
MLM207U General Purpose Op Amp 
MLM208AG Precision Op Amp 
MLM208AL Precision Op Amp 
MLM20BAU Precisi~n Op Amp 
MLM20BG PreciSion Op Amp 
MLM20BL Precision Op Amp 
MLM20BU Precision Op Amp 
MLM209G Positive Voltage Regulator 
MLM211G Voltage Comparator 
MLM211L Voltage Comparator 
MLM211U Voltage Comparator 
MLM224L Quad Op Amp 
MLM239AL Quad Comparator 
MLM239L . Quad Comparator 
MLM25BG Dual Op Amp 
MLM301AG General Purpose Op Amp 
MLM301API General Purpose Op Amp 
MLM307G General Purpose Op Amp 
MLM307PI qeneral Purpose Op Amp 
MLM307U General Purpose Op Amp 
MLM30BAG PreciSion Op Amp 
MLM30BAL Precision Op Amp 
MLM30BAPI Precision Op Amp 
MLM30BAU Precision Op Amp 
MLM30BG Precision Op Amp 
MLM308L Precision Op Amp 
MLM308PI Precision Op Amp 
MLM308U Precision Op Amp 
MLM309G Positive Voltage Regulator 
MLM309K' Positive Voltage Regulator 
MLM310G Unity Gain Op Amp 
MLM310PI Unity Gain Op Amp 
MLM310U ,Unity Gain Op Amp 
MLM311G Voltage Comparator 
MLM311L Voltage Comparator 
MLM311PI Voltage Comparator 
MLM311U Voltage Comparator 
MLM324L Quad Op Amp 
MLM324P Quad Op Amp 

National 
Direct 

Replacement 

LM74BJ 
LM2901N 
LM2902N 
LM3301N 
LM3302N 
LM3401N 
LF411CN 
LF412ACN 
LM78XXCK 
LM78XXCT 
LM78LXXACH 
LM78LXXACZ 
LM78LXXCH 
LM7BLXXCZ 
LM79XXCK 
LM79XXCT 
LM79t:XXACZ 
LM79LXXCZ 
LM101AH 
LM101AJ 
LM107H 
LM107J 
LM10BAH 
LM108AJ 
LM109H 
LMll0H 
LM110J·B 
LM111H 
LMlllJ 
LMlllJ·B 
LM124J 
LM124N 
LM139AJ 
LM139J 
LMI56H 
LM201AH 
LM201AN 

, 
LM207H 
LM207J 
LM208AH 
LM20BAJ 
LM208AJ·8 
LM208H 
LM208J 
LM208J.!! 
LM209H 
LM211H 
LM211J 
LM211J~ 

LM224J 
LM239AJ 
LM239J -
LM256H 
LM301AH 
LM301AN 
LM307H 
LM307N 
LM307J 
LM30BAH 
LM30BAJ 
LM308AN 
LM30BAJ-B 
LM30BH 
LM30BJ 
LM30BN 
LM30BJ-B 
LM309H 
LM309K 
LM310H 
LM310N 
LM310J-B 
LM311H 
LM311J 
LM311N 
LM311J·B 
LM324J 
LM324N 

, 
National 

Davlce No. Function Direct 
Replacement 

MOTOROLA (Continued) 

MLM339AL Quad Comparator LM339AJ 
MLM339AP Quad Comparator LM339AN 
MLM339L Quad Comparator LM339J 
MLM339P Quad Comparator LM339N 
MLM358G Dual Op Amp LM358H 
MLM358PI Dual Op Amp LM358N 
MLM585CP Phase Locked Loop LM565CN 

PMI 

OP·15FG LF411ACH 
OP·15GP LF411CN 
OP·15FP LF411ACN 
OP·15CH LF411CH 

• PM10BAJ Operational Amplifier LM10BAH 
PM10BJ Operational Amplifier LM108H 
PM155AJ JFET Input Op Amp LF155AH 
PMI55J JFET Input Op Amp LF155H 
PMI58AJ JFET Input Op Amp LFI56AH 
PMI5BJ JFET Input Op Amp LF156H 
PM 157AJ JFET Input Op Amp LF157AH 
PM157J JFET Input Op Amp LF157H 
PM208AJ Operational Ampillier LM20BAH 
PM20BJ Operational Ampliller LM20BH 
PM255J JFET Input Op Amp LF255H 
PM25BJ JFET Input Op Amp LF256H 
PM257J JFET Input Op Amp LF257H 
PM30BAJ Operational Amplifier LM30BAH 
PM308J Operational Ampliller LM308H 
PM355AJ JFET Input Op Amp LF355AH 
PM355J JFET Input Op Amp LF355H 
PM356AJ JFET Input Op Amp LF356AH 
PM35BJ JFET Input Op Amp LF356H 
PM357AJ JFET Input Op Amp LF357AH 
PM357J JFET Input Op Amp LF357H 
PM725CJ Operational Amplilier LM725CH 
PM725J Operational Amplifier LM725H 
PM741CJ Compensated Op Amp LM741CH 
PM741J Compensated Op Amp LM741H 
PM747CJ Dual Compensated Op Amp LM747CH 
PM7,47J Dual Compensated Op Amp LM747H 
PMI55BJ Dual Compensated Op Amp LM155BH 

SIGNETICS 
.A709AT Operational Amplifier LM709AH 
,.A709CN Operational Amplifier LM709CN·B 
,.A 709CN·14 Operational Amplifier LM709CN 
,.A709CT Operational Amplifier LM709CH 
,.A709T Operational Amplifier LM709H 
,.A710CN·14 Differential Voltage Comparator LM710CN 
,.A710CT Differential Voltage Comparator LM710CH 
,.A710T Differen'tial Voltage Comparator LM710H 
,.A71tCN Dual Voltage Comparator LM711CN 
,.A711CT Dual' Voltage Comparator LM711CH 
.A711K Dual Voltage Comparator LM711H 
.A723CF. Precision Voltage Regulator LM723CJ 
,.A723CL .. PreciSion Voltage Regulator LM723CH 
,.A723CN Precision Voltage Regulator LN723CN 
.A723F Precision Voltage Regul~tor LM723J 
.A723L Precision Voltage Regulator LM723H 
,.A733CN Dllferential Video Amp LM733CN 
,.A733CT Differential Video Amp LM733CH' 
,.A733F Dillerential Video Amp LM733H 
.A741CF General Purpose Op Amp LM741CJ·14 
,.A741CN General Purpose Op Amp LM741CN 
,.A741CN·14 General Purpose Op Amp LM741CN·14 
,.A741CT General Purpose Op Amp LM741CH 
,.A741F General Purpose Op Amp LM741J·14 
,.A741T General Purpose Op Amp LM741H 
.A747CN Dual Op Amp LM747CN 
,.A74BCF General Purpose Op Amp LM74BCJ 
,.A748CN General Purpose Op Amp LM74BCN 
pA74BCT General Purpose Op limp LM74BCH 
pA74BF General Purpose Op Amp LM748J·14 
pA74BT General Purpose Op Amp LM74BH 
7BXXCU 3·Terminal Positive Voltage Regulator LM7BXXCT 
7BXXDA 3·Terminal Positive Voltage Regulator LM7BXXCK 
7BLXXACS 3·Terminal Positive Voltage Regulator LM7BXXACZ 
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National 
Device No. Function Direct 

Replacement 

SIGNETICS (Continued) 

78LXXADB 3·Terminal Positive Votlage Regulator LM78LXXACH 
78LXXCDB 3·Terminal Positive Voltage Regulator LM78LXXCH 
78LXXCS 3·Terminal Positive Votlage Regulator LM78LXXCZ 
79XXCU 3-Terminal Negative Voltage Regulator LM79XXCT 
79XXDA 3·Termmal Negative Voltage Regulator LM79XXCK 
LF155AT Hi Performance JFET Input Op Amp LF155AH 
LF155T Hi Performance JFET Input Op Amp LFl55H 
LF156AT Hi Performance JFET Input Op Amp LF156AH 
LF156T Hi Performance JFET Input Op Amp LF156H 
LF157AT Hi Perlormance JFET Input Op Amp LFl57AH 
LFI57T Hi Performance JFET Input Op Amp LFI57H 
LF255T Hi Performance JFET Input Op Amp LF255H 
LF256T Hi Performance JFET Input Op Amp LF256H 
LF257T Hi Perlormance JFET Input Op Amp LF257H 
LF355AT Hi Performance JFET Input Op Amp LF355AH 
LF355T Hi Performance JFET Input Op Amp LF355H 
LF356AT Hi_ Performance JFET Input Op Amp LF356AH 
LF356T HI Perlormance JFET Input Op Amp LF356H 
LF357AT HI Performance JFET Inpul Op Amp LF357AH 
LF357T HI Performance JFET I'"put Op Amp LF357H 
LM101AF High Performance Amplifier LM101AJ·14 
1 ... 1n11\T ~~:;;~ ~:;f:;~.:.:"::: .I\.:;:;::!:f!:~ L~A11)1 A~ 

LM107F General Purpose Op Amp LM107J·14 
LM107T General Purpose Op Amp LM107H 
LM108AF Precision Op Amp LM108AJ 
LM108AT Precision Op Amp LM108AH 
LM108F Precision Op Amp LM108J 
LM108T Precision Op Amp LM108H 
LM109DB 5 Voil Regulator_ LM109H 
LMlllF Voltage Comparator LMlllJ 
LMll1T Voltage Comparator LMlllH 
LM119F Dual Voltage Comparator LM119J 
LM119K Dual Voltage Comparator LM119H 
LM124AF Gen Purpose Single Supply Op Amp LM124AJ 
LM124F Gen Purpose Single Supply Op Amp LM124J 
LM124N Gen p,urpose Single Supply Op Amp LM124N 
LM139AF . Quad Voltage Comparator LM139AJ 
LM139F Quad Voltage Comparator LM139J 
LM193AT Low Power Dual Voltage Comparator LM193AH 
LM193T Low Power Dual Voltage Comparator LM193H 
LM201AF High Performance Amplifier LM201AJ·14 
LM201AN High Performance Amplifier LM201AN 
LM207F General Purpose Op Amp LM207J·14 
LM201T General Purpose Op Amp LM207H 
LM208AF General Purpose Op Amp LM208AJ 
LM208AT Precision Operational Amp LM208AH 
LM208F Precision Operational Amp LM20SJ 
LM208T Precision Operational Amp LM208H 
LM209DB 5 Vail Regulator LM209H 
LM211F Voltage Comparator LM211J 
LM211T Voltage Comparator LM211H 
LM219F Dual Voltage Comparator LM219J 
LM219K Dual Voltage Comparator LM219H 
LM224AF Gen Purpose Single Supply Op Amp LM224AJ 
LM224AN Gen Purpose Single Supply Op Amp LM224AN 
LM224F Gen Purpose Single Supply Op Amp LM224J 
LM239AF Quad Voltage Comparator LM239AJ 
LM239F Quad Voltage Comparator LM239J 
LM258T Gen Purpose Single Supply Op Amp LM258H 
LM293T low Power Dual Voltage Comparator LM293H 
LM301AF High Performance Amplifier LM301AJ·14 
LM301AN High Performance Amplifier LM301AN 
LM301AT High Performance Amplifier LM301H 
LM307F General Purpose Op Amp LM307J·14 
LM307N General Purpose Op Amp LM307N 
LM307T General Purpose Op Amp LM307H 
LM308AF Precision Op Amp LM308AJ 
LM308AIIi Precision Op Amp LM308!"N 
LM308AT Precision Op Amp LM308AH 
LM308F Precision Op Amp LM308J 
LM30BN Precision Op Amp LM308N 
LM308T Precision Op Amp LM308H 
LM309DA 5 Volt Regulator LM309K 
LM309DB 5 Vail Regulator LM309H 
LM311F Voltage Comparator LM311J 
LM311N Voltage Comparator LM311N 
LM311N·14 Voltage C~mparator LM311N·14 

14-11 

Device No. Function 

SIGNETICS (Continued) 

LM311T Voltage Comparator 
LM319F Dual Voltage Comparator 
LM319K Dual Voltage Comparator 
LM319N Dual Voltage Comparator 
LM324AF Gen Purpose Single Supply Op Amp 
LM324AN Gen Purpose Single Supply Op Amp 
LM324F Gen Purpose Single Supply Op Amp 
LM324N Gen Purpose Single Supply Op Amp 
LM339AF Quad Voltage Comparator 
LM339AN Quad Voltage Comparator 
LM339F Quad Voltage Comparator 
LM339N Quad Voltage Comparator 
LM340XXDA 3·Terminal Positive Voltage Regulator 
LM340XXLL 3-Terminal Positive Voltage Regulator 
LM381AN Dual Low Noise Preamplifier 
LM381N Dual Low Noise Preamplifier 
LM382N Dual Low Noise Preamplifier 
LM387N Dual Low Noise Preamplifier 
LM393AN Low Power Dual Voltage Comparator 
LM393AT Low Power Dual Voltage Comparator 
LM393N low Power Dual Voltage Comparator 
I M~Q~T I nw Pnwpr nll;:!.1 Voltage Comoarator 
LM2901F Quad Voltage Comparator 
LM2901N Quad Voltage Comparator 
LM2903N' low Power Dual Voltage Comparator 
MC1408·7F 8·Bit Multiplying DfA Converter 
MC1408·8F a·Bit Multiplying Of A Converter 
MC1408·7N 8·BIt Multiplying DIA Converler 
MCI408-8N 8·Bit Multiplying DIA Converter 
MC1496K Balanced Modulator Demodulator 
MC1496N Balanced Modulator Demodulator 
MCI596K Balanced Modulator Demodulator 
MC3302N Quad Voltage Comparator 
NE555T Timer 
NE555N Timer 
NE556N Dual Timer 
NE556F Dual Timer 
NE565K Phase Locked loop 
NE565N Phase Locked Loop 
NE566N Function Generator 
NE567T Tone Decoder/Phase Locked Loop 
NE567N Tone Decoder/Phase Locked loop 
SE555T Timer 
SE565K Phase Locked Loop 
SE567T Tone Decoder/Phase Locked Loop 
TBA120N FM IF Amp & Demodulator 
TBAI2OS·2 8·Stage Amp w/Balanced Demodulator 
TBAI20S·3 a-Stage Amp w/Balanced Demodulator 
TBAt20S-4 8·Stage Amp wlBalanced Demodulalor 
TBA1205-5 a-Stage Amp w/BaJanced Demodulator 
TBA120SN a-Stage w/Balanced Demodulator 
TBAI20S·2N B-Stage w/Balanced Demodulator 
TBAI20S·3N a-Stage w/Balanced Demodulator 
TBAI20S·4N a·Stage w/Balanced Demodulator 
TBAI20S·5N 8·Stage wlBalanced Demodulator 
TBAt20U FM IF Amp & Demodulator 
TBA120UN FM IF Amp & Demodulator 

TEXAStNSTRUMENTS 

,A709CN OpAmp 
,.A709CP OpAmp 
,A711CN Dual Comparator 
,.A723CJ Voltage Regulator 
,.A723CN Voltage Regulator 
,.A723MJ Voltage Regulator 
,.A733CN Video Amp 
,.A741CJ Compensated Op Amp 
,.A741CJ Compensated Op Amp 
,A741CJG Compensated Op Amp 
,.A741CP Compensated Op Amp 
,A741MJ Compensated Op Amp 
,A741MJG Compensated Op Amp 
,.A748CJG Op Amp 
,.A748CN OpAmp 
,.A748MJ OpAmp 
,.A748MJG OpAmp 

Nailonal 
Direct 

Replacement 

LM311H 
LM319J 
LM319H 
LM319N 
LM324AJ 
LM324AN 
LM324J 
LM324N 
LM339AJ 
LM339AN 
LM339J 
LM339N 
LM340KXX 
LM340TXX 
LM381AN 
LM381N 
LM382N 
LM387N 
LM393AN 
LM393AH 
LM393N 
LM393H 
LM2901J 
LM2901N 
LM2903N 
LM1407J·7 
LM1408J·8 
LM1408N·7 
LM1408N·8 
LM1496H 
LM1496N 
LM1596H 
LM3302N 
LM555CH 
LM555CN 
LM556CN 
LM556J 
LM565CH 
LM565CN 
LM566CN 
LM567CH 
LM567CN 
LM555H 
LM565H 
LM567H 
TBA120T 
TBA120S II 
TBA120S III 
TBA120S IV 
TBA120S V 
TBA120SQ 
TBA120SQ II 
TBA120SQ III 
TBA120SQ IV 
TBA120SQ V 
TBA120U 
TBA120UQ 

LM709CN 
LM709CN-8 
LM711CN 
LM723CJ 
LM723CN 
LM723J 
LM733CN 
LM741CJ·14 
LM741CN·14 
LM741CJ 
LM741CN 
LM741J·14 
LM741J 
LM748CJ 
LM748CN 
LM748J·14 
LM748J 
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Device No. Function 

TEXAS INSTRUMENTS (Continued) 
,.A7BXXCKC Positive Voltage Regulator 
,.A 7BLXXACL Positive Voltage Regulator 
.A7BLXXCLP Positive'Voltage Regulator 
.A7BMXXCKD Positive Voltage Regulator 
.A79XXCKC Negative Voltage Regulator 
.A79MXXCKD Negative Voltage Regulator 
LF356P JFET Input Op Amp 
LM101AJ Improved Op Amp 
LM101AJG Improved Op Amp 
LM107J Compensated Op Amp 
LM107JG Compensated Op Amp 
LMlllJ Voltage Comparator 
LMlllJG Voltage Comparator 
LMllBJG High Slew Rate Op Amp 
LM124J Quad Op Amp 
LM124N Quad Op Amp 
LM139J Quad Comparator 
LM201AJ Improved Op Amp 

'LM201AJG Improved Op Amp 
LM201AN Improved Op Amp 
LM207J Compensated Op Amp 
LM207JG Compensated Op Amp 
LM21BJG High Slew Rate Op Amp 
LM224J Quad Op Amp 
LM239J Quad Comparator 
LM301AJ Improved Op Amp 
LM301AJG Improved Op Amp 
LM301AN Improved Op Amp 
LM307J Compensated Op Amp 

National 
Direct 

Replacement 

LM7BXXCT 
LM7BLXXACZ 
LM7BLXXCZ 
LM7BMXXCP 
LM79XXCT 
LM79MXXCP 
LF356N 
LM101AJ·14 
LM101AJ 
LM107J·14 
LM107J 
LM111J 
LMlllJ.B 
LMllBJ 
LM124J 
LM1$24N 
LM139J 
LM201AJ·14 
LM201AJ 
LM201AN 
LM207J·14 
LM207J 
LM21BJ-8 
LM224J 
LM239J 
LM301AJ·14 
LM301AJ 
LM301AN 
LM307J·14 

National 
De.lca No. Function !:llract 

Replacement 

TEXAS INSTRUMENTS (Continued) 
LM307JG Compensated Op Amp LM307J 
LM307N Compensated Op Amp. LM307N 
LM311J Voltage ·Comparator LM311J 
LM311JG Voltage Comparator LM311J·B 
LM311N Voltage Comparator LM311N·14 
LM311P Voltage Comparator LM311N 
LM317KC 3-Terminal Adiustable Regulator LM317T 
LM31BJG High Slew Rate Op Amp LM31BJ·B 
LM31BP High Slew Rate Op Amp LM31BN 
LM324J Quad Op Amp LM324J' 
LM324N Quad Op Amp LM324N 
LM339J Quad Comparator LM339J 
LM339N Quad Comparator LM339N 
LM35BP Dual Op Amp LM35BN 
LM376P Positive Voltage Regulator LM376N 
LM393P Dual Comparator LM393N 
LM2901N Quad Comparator LM2901N 
LM2902J Quad Op Amp LM2902J 
LM2902N Quad Op Amp LM2902N 
LM2903P Dual Comparator LM2903N 
LM2904P Dual Op Amp LM2904N 
MC155BJG Dual Compensated Op Amp LM155BJ 
NE555CJG Timer LM555CJ 
SE555jG Timer LM555J 
TLOB1ACN Single Low Cost Bi·Fet Op Amp LF351AN 
TLOB1CN Single Low Cost Bi·Fet Op Amp LF351N 
TLOB7CP LF411ACN 
TL287CP LF412CN 
TL710CN Comparator LM710CN 

-
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~NatiOnal 
Semiconductor 

NSC Signetics Fairchild Motorola 

I=:J 14/16 Lead 
Glass/Metal DIP 0 I 0 L 

~ 

~ T, 

IDUID -
K 

@ 
TO·99, TO·100, TO·5 H H G 

L, 

DB 

I=:J 8, 14 and 16·Lead R, 
Low-Temperature J F U 
Ceramic DIP D 

\fWWW 

? (Steen 

K KS 

0 
TO·3 

KC DA K K 

(Aluminum) 

0 V, 
8,14 and 16·Lead T, 

Plastic DIP N A, P 

m P 
B 

·With dual-in-line formed leads. 

··With radially formed leads. 
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TI RCA Silicon 
General 

0 0 

!:* 
L T 

V1** 

J 

K 

K K 

P, M, 
E 

N N 

AMD Ravtheon 

0, 
0 

M 

T 
H 

H 

DC, 

DO 

K 

LK, 

TK 

N, 

ON, 
PC 

DP, 

MP 

-~ a. 
c::: en -~ 
"tJ 
S» n 
~ 
S» 

(Q 
CD 

o 
a en en 
:D 
CD -CD 
~ 
:l 
n 
CD 
G') 
c::: 
c:: 
CD 



CD 
"C 
"5 
CJ 

~ c 
! 
CD -~ 
U) 
U) 
p 

NSC 

TO-202 
(0-40, Durawattl 

P 

Signetics Fairchild Motorola TI RCA 

KD 

Silicon 
General AMD Raytheor 

O~--------------r-~~--~~--~-+--+---T-~\ 
CD I 
Q I m 
~ 
u 
as a.. 
'~ 

1;) 
~ 

"C 
C -

I 

8" "WW\MP" ''8 
' .... _----- ... - ..- "SGS" Type 

Power DIP 

TO-220 

t Low Temperature 
Glass Hermetic 
Flat Pack 

~ 
TO-92 

~~~ (Plasticl 

G 

S BP 

T u u KC 

W F F W ", FM 

Z S W P LP 
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~National all dimensions in inches (millimeters) 

~ Semiconductor 

D.020-0.010 R .... _U15 J 
~) 

~r-=:::t:=;:10.511-1.8241 

UBD D.OSOJ:D.DtD 1-17.82.1--1 iiTJD;ffi'41 ~ L .. 15-u.1I23 II 
(0.311-6.5141-11-

O.1DG:!:O.D1D 
~) 

"EF 

NS Package D14E 
14-Lead Cavity DIP (D) 

(Side Brazed) 

1_- ~ 
~~~ __ ~_'_O~~) ____ ~~ ____ • I ' a.lOOtUtD I -----:-(Wi±i.iiij--- BAZOie.Dt. 

t=i1WWs4i 
O.500:l:UtD 

L-------------------~~.:I:" 
12.032) 
"AD 
TV. 

r 1 ~2" 
j 15.01) 

-L.r:::!::::;;::===::;;::::!=MAX 

~~~~~~~ I Ii:) 0.=-0.020 
~h ~ h t-h -r-J 10.381-0.5081 

U,S-LOlD 11.100 TV' 0.150 D.lDO±D.OtD TVP 
~ 12.540) 13.11" MAX (7.12".254) 

TV. 

NS Package D14F 
14-Lead Metal DIP (D) 

0.165 
0.020:1:0.010 

IUOl'Ui4)ll.I""",~~§"~Eioo~"""" PIN NO. , !.f 
IDENT 

O' ... -UI2 

NS Package D16A 
16-Lead Cavity DIP (D) 
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fI) 
s:::: 
o· 

"iii 
s:::: 
Q) 

E 
C 

0.025 
(0.635) 

RAD 
PIN NO.1 

IDENT 

PIN NO. 1 
IDENT 

ii5i9i MAX 
~~~~T.r~.~--L 

0.054 

•
. ti!t1:r~')j? R ~ 0.020-0.060 

.. . _~('.'08-'.''') 
o.oOI_01l15J 

(0.203-0.381) 

I- '~".j ~ J L· 0.015-1.023 -ll-. ~ 
(7.6Z0) (1.270 t02541 (0.381-0.584) 13.115) 

REF 0.100tO.Ol0 MIN 

If 
0.50"'.010 ~ C12.7D±O.2541 

DA2D±O.o10 

I I10.&68tD.254) I 

(:;::~~:) TV' 

,12.54,0.1:0.254) 

NS Package D16C 
16-Lead Cavity DIP (D) 

(Side Brazed) 

~I- (P •..• '9,·6) MIN 
(7.62"02541 

--jh ~ 
0.015-0.020 
(0.311-0.'081 DIA 

h --j h 
~TYP 
(, .• 401 

0.150 
(3.8101 MAX 

-.,-- --r 
'I I 

.1 0.420 
(10.671 

., I I 
! L-.L 

1 
0.500 !O.DID 

T 
(:::~:J R TV' 

NS Package D16D 
16-Lead Metal DIP (D) 

1.010 

"I 
"I 
D.ZgI 

17.569) MAX PIN NO. 1 
IDENT Lrrr-r-.r-r;\"""'-'m-r;"r-r;T"f.,-,-;.,..""...J. 

0.054 0.165 . 0.054 ~ 0.165 ITmi11 j-I1Z.3191---j (4.1911 

~. (::::~WW\tWVWMAX {WjMAX 
I:~~~=::::l r-

0.380 ' 
1-0iii--1 •. 'o.'u'o -I I-- . -II-~ 0.'" 

REf (2.MO ±II.2S4) ~OV~B4-D.381) (~~~51 

~ 8.008-1.'15 J ~ 0300+~ 
_._ a.BSOtO.Olo 

1-(7.~~.r-1 (1270 '02541 •. '00 t.. J 
. 12.540 tUM) 

NS Package D18A 
18-Lead Cavity DIP (D) 

(Side Brazed) 
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NS Package D20A 
2O-Lead Cavity DIP (D) 



PIN NO. 1 
IDENT 

0.610 ~ 

~=L~'~' J -r ...... 

~':10.010 ---J 0;:0010 -1l--, =J.: . 
11.17810.254) (2.540 ~0~54) (:~~~ ::~:~) I~~~S) 

NS Package D24A 
24-Lead Cavity I;)IP (D) 

r"-''''-I!!L~~~~~l,l''LIl!''!I....I!l!ll'....IE14L1l!llul 
1 

0.S98 

NO. IIDENT ~"-''1ITl]ITlFm=m=r.rr,;;:;:;:;::;;;'''=~_J]91 
O.oSO 

11.270) r- 0
•
S20 113.208) -i .!!!!. 

• TYP SQUARE I 14.191) 

~. I I 1 0~08-D'015r!::t-:=-::-....c=====::l .1-1 ::"-:::l 
I' + 10203-D~'" 

-11524,---1 ' 0.100,0.010 II 0.015-0.023 I~:~~:' r.--~ 0.600 I ~ 
REF 12.540 ·0.1S4) -11--10.381-0.584) MIN 

NS Package D24C 
24-Lead Cavity DIP (D) 

1------- 1.265 132.131)--------'1 

14 13 2.Z 2. 2D l~X" 11 1& 15 14 13 

11 
~ ~ ~ 

(1.524) RAOJ ~ (15.381) 

~~~_Jj 
lD 11 n 

~ 
11210' 0200 

15.0BDl MAX 

SEATING 0.010-0 030 ~ .. w.4 ~L._u 0.D10 ' PLANE- .. ~--' -

I 0.&00 ---.-.j ~ ~ .-rt 1--__ . 0100 ----t:..-.!!!5 11524' -'-- TVP II 0.015-0.020 13.175' 

m ~ ~~~-

NS Package 0240 
24-Lead Cavity DIP (D) 
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tn 
C o 

'en c 
CD 
E 
c· -ca 
(.) 

.~ 

.r:::. 
D.. 

r~-----(~"':)-~----I H ZJ n 21 20 ':~I 17 " 11 14 13 

a.aza-l.IHID 

(D .• Glj-U241 r (~:.:) I 
I ,.!:!!!. ~ 

J_~ btJlmmmffl-l I. (D.2D3_0~11)~ jt~ --I I--~ i5.iii . TV. (1.211 (UUD.2&41 MAX 

TV' TV' 
0.110 . 0.015-0.123 

(ISA91 (G.38I-O.5I4) 

1 
UU-O'OI 

114.43-11.311 

PlNND.1 
10 D 

REF TVP 3 4 I • 

~O~2) R 
4P1.CSTYP 

NS Package D24G 
24·Lead Cavity DIP (D) 

r
·~-----------------(~~~~~;:~:~~II;'I------------------~ 

'I 1.520±O.1I03 I ,",~OI----------------(38.61±D.Ol6). • 

R ~ 38 ~ a u a H 24 Hn ~. m 15 15 n 

TTl 
0.880±0.0D3 0 .... ±0.010 0.110±O.010 

~~IIJ-
~ 1011121314151& 

PIN NO. 1 1.0. 

~ II + 
(:~::=~:::) 

D.IDD 1:----(1U4)----! 
, REF 

NS Package D32B 
32·Lead Cavity DIP (D) 

(Hybrid Side Blazed) 

0.520 

II O.011±O.002 
-+j i""-(0.451±O.05I) 

I--- 113.208)--1 
I SQUARE I 

(illii) 

"r.rm-m-r.n~~~l""T.lI"""1H1'j 

~_I I--
(2.540 '0254)--' 

NS Package D40C 
40·Lead Cavity DIP (D) 
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0.015-0.023 . II-
(U8I-O.514)--' 

0.111 

0.125 

(3.1111 
IIIN 

I II 11 11 



D.Osn 
(2.D32) MAX 

0.025±0.010 
10.635±0.Z541 

0,004-0.006 
10.102-0.1521 

PINND.1 
IDENT 

J, 0.02'-0.040 
1-10.508-1.016) 

0.050±0.005 

(1.Z7010.121) 

NS Package F10A 
10-Lead Flat Package (F) 

i'::::IMAX ~(1O::!I-MAX 
0.050 ±O.o05 0.025 MAX TYP 
~11- i-iD.63siALLENDS 

0.8 • .10 .• 00 

o.o,o_o.o,oj 
10.254-0.S08) 

0.190±0.810 

'WE LID 

0.004-0.00& II 
TVP (O.1D2-D.t521--i~ 

PlNNO.1 
IOENT 

111st4 U 1211101 --. 
0280 

17.1121 

~" ... " M:X 

0.815-0.019 II 
TVP "~8'-OA831-l1-

'1 
~ 0.005 

10.1271 
I- MIN ALL ENDS 

0.390 

-i •.• o6i
MAX GLASS 

821201.,117161 

~ ~3 
, 11 
34561111D 

jlO.OI5-0.o19 
(0.381-0.48.1) 

11.050::0.005 

{1.270±D.t271 

-;];5 
(6.9851 

MAX GLASS 

--.t 
0.880-0.900 

~) 

--.i 

NS Package F16B 
16-Lead Flat Package (F) 

NS Package F24A 
24-Lead Flat Package (F) 

~
~ 
(5.3Ua-S.H3) 

~~-t I 14.521--4.9531 I 

0.085-8.105 

~ 
SEATING ~~ PLANE -. 

a.OlD JVD.1621 ....!.:!!!.... 
MAX U%.7001 

2LEAOS ~ ~ MI. 
~DIA I 
(DAD&-O.413) ----L 

O.03&-O.D48 

~ 

NS Package H02A 
2-Lead T0-46 Metal Can Package (H) 

1 0.350-0>7' I 
11.890-9.39BI DIA 

~ 0.305-0.335 II ''I'" I~I 0.050 ".19'-4.95" ]T '::::1 
"" --.l 

.. DO I 
(12.70) 

MIN 0.016-0.019 
I ~iDAo;:ijAi31 "A 

3UAUS 

NS Package H03A 
3-Lead T0-39 Metal Can Package (H) 

14-19 

r 035. - 03'0 1 
(8.890-9.398) 

DlA 

D.165-0.t95 11 ~ I+- . "r I 1 "":·-'1 
L]T" 0.500 0.035 

(12.10) (0.889) . 
MIN MAX n 0.016 - O.atD 
t . U 1D.4(16 - 0.483) DIA 

0.200 
15.080) TYP 

NS Package H03B 
3-Lead TO-5 Metal Can Package (H) 



U) 
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o 

"Ci) 
c 
CD 
E 
c· -ftS 
(,) 

"~ 
.c 
Q. 

, 0.209-0.211 

I---H-~ 
15.3 .. -..... 1 

.!!1!=!:!!!. I .... '-U.~ 
- (1:~::~~:gl DIA S IU.I-•.• "I 

~ a,151-2.Bfl71 

SE:"T':::l~1 LIHIU21""'::85-a.1G. 
·SB!!:!!!!. 

SEATING _ iiJiI-i:iiil mnU15-1., .. 

0.580 o 0 0_ 111."1 MIN 

I::::~::::I--I ~ I::' 
MAX 

0.100 
I---t---iffiii 

NS Package H03H 

PLANE .!!!!.. MIN 

o 0 0 112.10111 
I:~:~::I--I ~ (:::, MAX 

NS Package H04A 

>----11 
j Il 1::::1 
L~ 

(1.210) 

3-Lead T0-46 Metal Can Package (HI 4-Lead T0-46 Metal Can Package (HI 
NS Package H040 

Thermal Shield for HO.4A 

(::~::=::~:) OIA-\------I 

I------HI::~:) DIA 

J!:!!!::!.!!!. 
1'."'''.69'~II-=:;:::::i!=miT=iT=;;;;::i--1 

~ 
lIn ~::IMAX 

~'LEADS 
..!:!!!=!:.!!!. DIA 
ID.4O&-D.4131 

NS Package H06C 
6-Lead TO-5 Metal Can Package (HI 

DIA OJ.&-D.33S 
(i.iii':iiDif 
.'A 

•. 35.-•. 31.+_-----1 
18.8.-.... 1 

0.165-0.185 OIA i-----+t- (:::~::::) 
1'.191-'.6991 +--1+----..... OIA 

0.015-0.040 

R'FER'NC' PLAN' -l---':::==[::;;;;::;;::;;;;:~J.[ 1 •. 38'-' .• ,61 -IT SEATING ,<AN, 

~k ~ ~~~;.NTR.LLEO 
10 .... - •. 4831 

.IA TV' 

NS Package H08A 
8-Lead TO-5 Metal Can Package (HI 

11.IS.-IUSII 

DIA 0.315-0.33& 
(1.101-8.5011 Dill. 

o 260-D.2tD 0.315-0.335 

1':'~liI.ii1-I.6oii:J H!
I:~==:::::I 

0.1&5-0.185 ~ 
i4.ii1-4.iii1 .L .--1 

~
I:~:~::::I 

0.1&5-0.185 i4.ii1-4.iii1.L~--1 

~ OJ .. -a~1.~ 

.. 03'Q 10.1'91 . 
MAX nATIIG 

11035 INSULATOR 
0.500 IO~'9) ---r.= 0.040 

112.701 MAX ~I ~ ~I (1.0161 MIN MAX L-- . 

..j ~ I:::=:~::I 

NS Package H08B 
8-Lead TO-5 Metal Can Package (HI 

0.035 ---,-INSULATOR 
0.500 (un) L-~ 

112.701 MAX ~I ~ ~I 11.016) MIN MAX 
L--

..j ~ I::::=::~I 

NS Package H08C 
8-Lead TO-5 Metal Can Package (HI 

14-20 

L --.L"LAN' 

I:Lrn~ ~rn 
(:!::=~!!:I DIA TYP~ ~ 

on. 
1 • .1431 

p.e. 

NS Package H10B 

o.lI2l-oMIi 

111.111-'.1431 

. ·10-Lead TO-5 Metal Can Package (HI 



•• 165-0.185 
(4.191-4.699) 

0.500 
(1Z.10I 
MI. 

0.350-0.370 

0.315-0.335 

r------t1-~ 
OIA 

L~ 
,~;;, . ~In' n nl~ ~:::=::~:, =lliU u uw.-: 0.120-0.140 

0010-OOI9~~ (3.048-3.5501 
_.--. - OIA 
(0.46-0.4831 

DlA 10 LEADS 

NS Package Hl0C 
10-Lead TO-5 Metal Can Package (H) 

0.545-0.555 

UIA I r~-------j 

-r-~ 0.148-8.181 

~ ~ 

•• oot odo.olD 
(".7DD~~ ~ ~ ~ ~ (055'-0.762) 

--ll-- 0.016-0.019 
(DAOO-D.03) 

0.595-0.605 
11&.113-16.307) 

DlA -'--..... - 0.020-0.036 
iD.iiD=D.iii) I 

NS Package H12B 
l2-Lead TO-8 Metal Can Package (H) 

0.118. 
(40154) 0.0&0 ~0.a05 0.200 

G.280-0.32D t=-1AX M 150101 i73ii=i.'iii1 (1.524 ±O 1211 MAX GLA$ ~nOlD 
'--'--'-..... ,'" .,,- ~~ 

I ~J j t 0.011'0.'02 D.'" I- IZ.':~ ~(D.4i7±D.051i (3.175) 

BOTH 0.100 to.D1D MIN 
ENDS . 12.540±0.2541 

{5~8~~~-t---~'"i 
PIN 

CIRCLE 

NS Package Hl0D 
10-Lead TO-5 Metal Can Package (H) 

~ i,=12U",'Dl.4I=J 
' 0.700±0.010 

r--~---I 

...L, 

T' 
0.100 3 
(2.540) 

TV' Cl 
EPOXY SEAL 

0.050-0.060 

~ 

~=======~--.-l 

=1 
>-----(ZO~~:6001-----l I::~;:I 

NS Package HY08A 
8-Lead Cavity DIP (J) (Hybrid) 

0.OZ5 
IO.&35I RAD 

MIN 

NS P~kage J08A 
B-Laad Cavity DIP (J) 

14-21 

c _. 
3 
CD 
::l o 
ci" 
::l 
o 



\ 

en 
I: 
.2 
en 
.1: 
CD 
E 
C -ca 
(,) 
·iii 
~ .r:. a.. 

0,29D-0.320 11.110 

~:~'D12J r-~· ____ ~U~.3H' 
a.385:t1W:5 I 0.1DD 

l--(9.n8 :to.635) I (2.540) 

UIO-D.3ZD 

17.316-8.128) 

MAX 80TH ENDS 

0.t60 
( ..... , 
MAX • 

GLASS 
SEALANT 

0.390-0.420 I: (U08-10.888) 

OJ .. 

NS Package J14A 
14-Lead Cavity DIP tJ) 

OJDO 

i&.D8ai 
MAX 0.820-0.010 

D,025 

iD.ffii 
RAD 

0.02& 
(0.6351 

RAD 

I D.:nD 

r~~4) 
r-J.l!I.~~!wl.!L.I!!I..J.!JL.J.!"--i --r GLASS 

0.%91 . 

('JIll 

L--r.TT:1"'T':rr.n'O'TToTT:1-' -'! 

]:-
L ~018 '0.'" -II- D.'" 
~ (3.1751 

MIN 

NS Package J16A (Also J16S) 
16-Lead Cavity DIP (J) 

0.025 
(D~35' 
R~D 

GLASS 
SEALANT 

NS Package J18A 
18-Lead Cavity DIP (J) 

0,025 
(O.&J5) 

RAD 

t:::~:-:::1 D310 123.241) (7.8741 
MAX r MAX 

IJ II 15 14 13 12 11 .GlASS 

0.110 
(1.36&) 
MAX 

"""""''''''''''''"T'::'T'"'r;1T'T.T,."..-riT"TiT'-.i 

(~;:, MAX------J'I DAlD MAX 
r--=""",,"-,,"'-=..l!!L..l!!W=..L::lu:;:u""-=-;---filD~6') GLASS 

UGa 
(10.16) MAX 

'-T:-r-='"T'::'T"T':T'T':T"'T';T'"T;'I'"'r.'T"'h.1r-r;;r-'~ 

NS Package J22A 
22-Lead Cavity DIP (J) 

14-22 

o.zaa 
(5.080) 
MAX 

U26-0.810 

~I_-+_.L (~508-1.778) 



0.598-0.820 

Lo.,IS±0.OZ5 I 
I (11.400±D.6351--1 

O.OZS 
10.&3S) 

RAD 

I UOO 

r-~~~~~~~~~~~~~~~'---r:::: 
0.SI5-0.515 

~r.T~rr.~~r.T~rr.~~r.T~~~~~I"~"f"'351 
O.ZOO 

IS.OBO) 

MAX 0.020-0.010 

O.OOI-O.OIZ J 
~ 

0.010-0.100 
(1.514-Z.S401 f-- '.10'''.01', I (Z.54010.254I~ 

I _11_ 0.0'810.002 
~ IIIO.4S110.oS1) 

1"T 
O.11S 
(3.11S) 

MIN 

NS Package J24A 
24-Lead Cavity DIP (J) 

I .. 00. 

.. .,. 
(0.&35) 

RA. 

r-~..J!!~"-'!!L.=..J!!~"-'!!1.~~L...J.!:u.!!I..~~'-ii~ 
0.515-G.5ZS 

L-r.T~rr.~~r.T~rr.~~r.T~~~~~~~ 113""1,,·33" 

.!:!!!. RAD . 
10.8301 

aba.loo 
II.SZ4-1.5401 

h 
0.100±0.010 

(2.540±6.254) 

NS Package J28A 
28-Lead Cavity Dip (J) 

0.048-0.055 

(3.17S) 
MIN 

1------------{5~~:4)------------i·1 
MAX 21 

I 
0.530-O.S50 

(13A61-13.9701 

~~~~~Tr~~~nr.Tr~~~n7.Tr.~~~~~~~~n7.r~SS 

NS Package J40A 
40-Lead Cav~ty DIP (J) 

14-23 

." :::r 
'< en 
Cr 
S» -
c _. 
3 
CD 
::::J 
en o· 
::::J 
en 



en c 
.2 
en c 
CD 
E .-c 
ns 
.~ 
en 
~ .c 

Q. 

~
.f1~~::=::'~" 

0.3%5-0.350 
iilSi=i.i9oi ..!:!..!!. 

1' .... 1 
MAX 

-L 
--"r SEATING PLANE 

0.420-0.410 f 
11O.&6._I2."'I@ '.'38-0.043 

-i 1-10.96.-1.D921 

0.680-0.&70 

2 MOUNTING HOLES 
0.151-0.161 

~l 
DIA 

~R 
(12.446-'2.954) 

NS Package K02A 
2-Lead TO-3 Metal Can Package (K) 

(Steel) 

0.325-0.350 
(8.255-8.89) 0.760-0.7751 I 
,'~ -- !:1!!.MAX 

.---IN 5T~ 

(::~:=~·.~~~IRAD 

(~:~~~-='~'~;9JOIA 

NS Package K04A 
4-Lead TO-3 Metal Can P~ckage (K) 

:~~;:l r-
DIAMAX I 

~1=~=:C~~~;!::::::I--rSEATI.'PLANE 
__ D.11a 

(2.117) 
O.43Q MAX 

UD.l2) 
MIN 

0.460-0.480 
(11.6B-12.19) 
~N • 
CIRCLE 

0.025 

10.83'1 
MAX 

UNCONTROLLED 
LEAD DlA 

0.760-0.775 

(19.304 19.685) 
DIA 

I-I 
__ I 

+-+.J;;;;;;;;;;;;P:=::=JL .!!!!. 
12.94', 

.L------1-I_~ MAX 

0.168-D.17a 
(4.267 -4.52'1 

RAD 

D.151-0.161 

(J,Bl5-4.0ID) 
DIA 

(1.473-1.5741 

1.117-1.'97 
- 129.895-30.(04) 

DJA 

0.660-0.610 

U6.764-11.01BI 

NS Package K02B 
2-Lead TO-3 Metal Can Package (K) 

0.760-».775 "1----.. 
119.304-'9.685Ij" I 

MAX UIA 

:=t~r ~ 0.2Z0-0.2811 ,SEATING PLANE 

(5.588-7.112/ 0,116 

II ~TYP i2.946i 
~ r- (1.016) MAX 

~RAD 
(4.216-4.410) 

• LEAD CIRCLE 

NS Package K08A 
8-Lead TO-3 Metal Can Package (K) 

I----+I~'.:~~~!:I 

0.179 
{C.M71 HAD MAX 

NS Package KC02A 
2-Lead TO-3 Metal Can Package (KC) 

(AIUminui' 

14-24 
/ 



0.09~ 

(2.331) 
DlA 

NOM 

PIN ND.llDENT 

0.030 

0.045 

0.400 

(6.350tO.121) 

'=F,n';'FF.irr.;d-.l 

0400 

~~MAX:l 

8"', O.OBO 0.250!0.01J5 

(2,032) ~0.121) 

1 2 3 • 

0.030 

0.3110-0.3211 (0.762) 0.130 ±0.005 y:::yT ,::, L (0.762) 
MAX 

0.040 

~ (1"'Oi'6) 0130"0005 

(lr51~' _TV' ~02'01271 

(::::=::::,IJ ~o 
I' 25+0.025 I 0.045,0.015 I [h ~(~~~a) 

0.3 -41.015 (1.143tO.381) r 0.018±O.003{~~~5) 

0009-0015 'J .--cL...-(~:~:) 
(0229-0381) ----.----i ~ MIN 

1 
0325+0.0251 0045'0015 1- t..JLo.on,,0o03 (0 SOB} 

-DaiS O.143!OJB1) (0 457 ±O.076) MIN 
- (B.255+0.635)-- ~ 

(a.255 ~~:~~~) ~ I (0.451 ±0.076) 
(2.54o)--i 

-0381 (2.540) 
TVP 

TV' 

NS Package NOBA 
B-Lead Molded Mini-DIP (N) 

NS Package NOBB 
B-Lead Molded Mini-DIP (N) 

MIN 

O.OBO 
(2.032) 

0.130±il.o05 

(3.302:!:0.121j 

n;,;::c,,--++---.-r O.OZO 

~(0.508}MIN 

(::~~:=::~~~) II --rT 
0.015 ±0.015..-: ~ 1--11- 0.018 t~~ MIN 

(1.905±0.381) ~ l-, 10.451±O.016) (3.115) 

0.100±0.010 

~ 

NS Package N 1 OB 
10-Lead Molded DIP (N) 

0.710 

0.092 

0.090 -tF;:(19.5581----1 
12.286) MAX 

NOM 14 13 12 11 10 9 8 ..., 
0.25010.005 

(6.350.:0.121) 

LT"-",..,."...,..,,,,,.....,.,.,.,....-.l ~(~~~~)--

0300-0320 0030 

Fl1~ '''j'' -
95°.:5° 0009-0015 IJ ~6~ _. __ ._ ~ ~20 

1 1 
(0.2Z9-~·.~~~±O.015 r I II 0.01810.003 ~ (OM~~8) 

(1.905 to.3SI) --11-(0.451 to.016) (~~~5) 
0.325~:~~: 0.100 ±0.010 . 

-- -(2.54010.254) 

NS Package N14A 
l4-Lead Molded DIP (N) 

14-25 

c _. 
3 
CD 
::s 
en _. 
o 
:::::s 
en 



en c 
.2 
en c 
CD 
E .-c 
as 
.~ 
~ 
.r:. 
0... 

0.13810 .• -o.oao 

1"E!=-----+t-,4"1271 C~i:1 

NS Package N14C 
14-Lead Molded DIP (N-01l 

(Staggered Leads) 

(8.350:l:.G.121) 

OlIO ~ '=F.FF.FffiFF.'Fi'l'F'F.'i'''F.'F';;:;=I--.i 
11.1121 0.030 
MI. --

0.300-1.320 I~~;) 
11.&2CI-8.1Z11 

"-'5- JJr=rr ~ 'J r-LC0129-f1'''1 I I 0.075±0.015 O.32'~~:: CI.905,""1 ~ J 
--- 0.101:t0.010 
(I.2S5~:~~) ~ 

NS Package N16A 
16-Lead Molded DIP (N) 

NS Package N16C 
16-Lead Molded DIP (N-01) 

(Staggered Leads) 

14-26 

a.l00 

IZ.MOI 
MI. 



~ OJ'.~ (7~1121 ~ 
0.3011-0.320 (0.1621 

1"'H_:'::~ T bf= 
rs°:!50 ---\\--0,009-a.oI5 J I I (0.229-0.381) 

• +0025- 0.03010.015 .''''-.:." ~ I-- J f. . +(635) 0.100±0.010 
~.z55-G:311 ~TYP 

NS Package N16E 
l6·Lead Molded DIP IN) 

(7.1121 
MIN 0.030 

~"2 
12.3311 

DlA NOM 
PIN NO.l1DENT 

~ .'''Dj 

tfrr I --
9S a f5° - I::=~::~!~I 1 

I . 1 0.025tO.015 0~Z5 ~:~:: (D.'" "~BlI I- J 
(a.255 ~~~~) ~~: ::~:I 

, TV' 

NS Package N18A 
la·Lead Molded DIP IN) 

~;:~:I~ .'N 
O..3DO-O.320 

(7.620-8.1281 

0 .... 
~.3311 

OIA NOM 

PIN NO. tlDENT 

I~ 

f------(:::I-----.j 
MAX 

NS Package N20A 
20·Lead Molded DIP IN) 

14·27 

MIN 

0.125 

13.1151 
MI. 

2 
3 
CD 
~ en _. 
o 
j. 
en 



en c o 
·0 
c 
CD 
E 
is -
.~ 
~ .c a.. 

',1IIl 
iWii 

RAD 
1 

D.54B.tDJJll5 

PIN NO. flDENT 

~~~~=F.~~~~9F.~~s=~~~::Jl"'''71 
0.030 

10.162) 0.01& ..... MAX 

IQI4 
TV. 0.015 

~~ _11_ ~'18","3 L",IOl81' 
~ I I CO.C5rto.lfnl) (3.175) MIN 

12.540:!:0.254) • MIN 

NS Package N24A 
24-Lead MoidedDIP IN) 

--------c::.::,--------'I 
MAX 

1 0.062 
(1.5751 

RAD 0.5,otO,ODS 

0.062 
(1.5151 

RAD 

PIN NO. llDENT 

~~~~~~~~~~~~~~~~~~:::r"'" 

I-- O.lOOtD.G'O 
IZ.540±0.254) 

NS Package N28A 
28-Lead Molded DIP IN) 

0.060 

II 0.118:!:0.003 
-!t-~ 

1 
0.550±D.D05 

~ 
PIN NO.1 IDENT 

brn=;=;;=r,~;;=;;;=rn=;~~~~J 
r:(~~~I:l 0.030 

MilD (0.7&2) 
If---~---!f (1.524) MAX 

11r-115'r':3'4I' -f-=f={ 
p ... ". +0,'" ~I:::~::::j I-- 0.625 -0.015 I 0.075 to.Q15 I 

('58'5+O,635)-J ~ r--
. -0.381 

-I 1_ O.IOU:tO.OI0 
I(U4D±G.2541 

11_ O.OIB:!:O.o03 
~r-IO.457:!:O.o7B) 

NS Package N40A 
40-Lead Molded DIP IN) 

14-28 



0.240-11.260 (9.144-9.652) 0.095-0.1115 
l--iO.360-0.31O ~ 

ii.Dif-i.iii) ~ if.ii3:iii1) 

U'O 
13..,341 

REf (,.--\ 0.285-0.315 

I n ~).J 
~ 0.,X.132 f OABO-D.SID 
I11L·0491 112.'92-13.208) 

13.251-3.3531 --t D'A 

i-

LI!:;:=;=\T'=;'=;IR..J~·D01) 

0.110-1.190 

14.318-4.828) 

...l... __ I~L_:~,..f4_) +-IU~ T 
--- -H- --- --11-- 0.019-0.026 
n.I94-1t~J ~~~'0-0.111} 0.095-0.105 10.483-0.6&0) 

0.047-0.849 ~ I 0.024-0028 II 

(2AI3-USll 
f-~ 

0.373-0.317 (4.953-5.207) 

-i.A14-U1&)-

0.065-8.075 &'.' 
_~ "W-"., 

NS Package P(}3A 
3·Lead TO-202 Power Package (PI 

\ 
0461 ± 0.005 

~) 

1I~5~~----f 
RAO 

0,024-0.028 

(0.610-11.7111 
TV. 

0.3&0-0.380 
(9,144-9.652)-
~ 
14.318-4.82') 

1210 

130.134) 

1 
0.095-0.105 

IUI3-Z.&611 0.041-0.049 
(1.194-1.245) 

TV' 

ll~ 
--j r-- (O.4Bl-D.H') 

D.195-0.Z05 
(4.953-5.201) 

NS Package P03E 
Tab Formed 3-Lead. 

TO-202 Power Package (PI 

a.12aI3,2Sll 
0.132(3.353) UIA 

0.034 X45° 
IO.BS4) X 45° 

NS Package P11A 
11-Lead Single-In-Line Package (PI 

14-29 

c 
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CD ::s o 
ci" ::s o 



en c 
o 

·Cii 
c 
CD 
E .-c -CO 
(,) 

.~ 

.c 
D.. 

N-4D'NC-Z8~ 
THREAD '" 

r----------~~!~~!I----------~ ,. 
D.UG 
(Uii) 
NOM 

, 
ffi': : I " , 1° 

'-'"' I 

PIN NO.1 IDENT 

I=::f::=====:~~:::::::;!;;=$"!:~H;;R3';;;;:'9+"=::::!''''! D."" ---'2.337) DIA NOM 

NS Package S14A 
14-Lead "SGS" Type Power DIP (SI 

0.300-0.320 
17.82-8.1211 0065±1.1IOZ FiO'03O MAX ji'iii'i'i]5ij 

____ (D"~ 

r.;::-'J (0221-0.3811 I I O.D75±O.D15 u"~:::' 11.90UO.311) I-- J 
( •. 255 ~:.:) ~2:::: 

NS Package S16A 
16-Lead Power DIP (SI 

14-30 

D.Ol.dUOS 
11.981 ±O.t2ll 0.115 

13.1151 RAD 

,::::, MAX 



~ 0.395-0.420 --l I (10.03-10.69) I O.151±O.OO2 

a.1S0±O.ODS 
I---~I-- (4.S7Z±O.127) 

D.110±O.OtD 
~A835 to_.0,51_1 --+-~-ri~ '~1~2~::O~~ 

D.250!O.D1D ~ 

~ 
! 

a.340tO.DlO 
(S.B36±O.254) 

TAPERED 1°, 2 SIDES 

1=::;::::;:;;=;;:;==;::::1 ~ --fj_----"'f="Ty-~r-- SEATING PLANE 

0.150 Ml: J '- l' 

1.020±D.DIS 

~ 
13.811 

~.540±O.015 
1 i!3.12±0.3811 

0."0 AH L 
OO·"i 8 

~,02~ TYP ~~~ !I--(:::::Hl:) {O 813±O 127) . -0.381 
O.100±0010 

(2.54±O 25-4) 0.015 ~~::~ 

~ 10381+0.254) 
IS.oatO.254) ~ . -0.051 

NS Package T03B 
3-Lead TO-220 Power Package (T) 

~ 
0.395-0410 ESEATINGPLANE 

110.033-10.414)- ~ OIA 0.180iD.005 V (3.835 ±o OSll ~~ (4.512±O.127) 

-- ~ TVP a.OSO±O.DOZ L 110921/ -. __ +_,.,-11.210,0.0511 

-lj 0 -----.l 0.250 ~O.Dl0 J. -.---.-,-,.... t- ~ (S.3SDrO.254) 

0.110;0.010 0.050 I 
12.794 10.2541 

1.020±Ul0 

125.9081'02541 

j 

(1.270) 
TYP 

I 
I 

D.540±0.01S IT'1 
r II - 0.035 '0.005 TVP 

11--10.889'0.1211 

_ I--~TYP 
11.102±O.127J 

0.340!0.010 

(8.63BiG.254) 

",L 

- TAPERED ,~ 
2SIDES 

0015+0.010~1 
. -0.002 

(---.054)--11-- '0.010 
0.381 -o~51 --l f-- 0.,05:.015 

(2.667~~~) 

NS Package T05A 
5-Lead TO-220 Power Pack~ge (T) 
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m 
c 
.2 
m 
c 
CD 
E .-c -C'G o .-m 
~ .r: 
~ 

0395-0.410 

-- (10.033-10.414) r-- 0.151 ±O.OOZ 

I
_ 0.043 I /(J.83S:0,051) 

0.110 :O'OID~]---- -- (1.092) V 0.050 

1'.194"'54) Ll {!tTY' / =::i:_I1 "11O) I 
~ 0.250:0.010 

hl-I::::::~:) 

11~:~:ij 

1.[10 

(25.40) 

0.863 
(21.920) 

(6.J5D±O.Z54) 

I 

.1" 1 ~ 0.703 

.A:;!_-+ __ R.Lr 111.856) 

O l 
0.340,0.010 

I 

0015,,··10 I 

0.035 '.0.005 (4.394-4.597) 

0.06110.005 

(1.102!O.121)--

I L (~':;;;)-II--I- : -';5:: ... , 
--- !O.BB9±0.121J 0.321-0.335 

-- (B.l06-8.S09) 

NS Package T05B 
5-Lead TO-220 Power Package (T) 

0.175-0.185 0.175-0.185 5' 

14.445-4.6991 1114 .... 5-4.6991 g r---, 
10 1 0.065 
I I 11.6511 

SEATING PlANE L ___ ~ OIA 

A 0.500 ~ ~ 
112.701 12.2861 ~ 1'.6351 

~
NOM 

J. 
.se NOM 

MIN NOM ~ ~ MAX 
1 UNCONTROLLED 
1-- LEADDIA ~ Jt:-o.018 

1'·4511 
---1~~ 

(0.3683-0.3937) 
0.045-0.055 TYP 
(1.143-1.397) 

0.090 
(2.286) 0.045-0.055 

'N~M ~11.143_"3911 

~ JI It 0.135-0.145 

Y '" (3.429-3.683) 
100 NOM 10e NOM 

NS Package Z03A 
3-Lead TO-92 Plastic Package (Z) 

TY' 
BEFORE LEAD 
FINISH 

14-32 

0.050-0.1180 
(1.Z70-2.0J21---1 I-

D,OM-a.D06mll (0.102-0.152) 

11010-0025 0050'0005 

1'254-'635) I 11-~) f
(:!~:=~04~:j--

PIN NO.'-..... I 
IDENT "l 

1&1514131211109 

0300 

(7620) MAX 
GLASS 

... ~~JI-
(D,5DB-1.016) 

",~"Z'r<T3 ,,' -,;',,'",,' ii'~-'-

0.015-0.019 11 
10.381-0.482) --l ~ 

0.940-0.960 

(23.876-24.384) 

~ 

NS Package W16A 
16-Lead Flat Package (W) 

n'.!" 14.064) 

0.180 

.2~r,I:::') 
(4.512) (2.540) 

f=- JMAX 
0.025 -

(0.635) 
MI. 

0.014-0.016 ! I 0.150-0.180 
(O,3S6-0.4G6) --4 I- 13.810-4.572) 

3lEADS 0.100 

-i~'lrN' 12.540( 
I 2 DIA PIN CIRCLE 

'~I 

~ 
II '.015 

--if-tO.381) 
3 LEADS 

NS Package Z03D 
3-Lead TO-92 Plastic Package (Z) 




