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Edge Index by Function 
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Here is the new Special Function Analog and Digital Circuits data book. It contains detailed 
information for specifying and applying special amplifiers, buffers, clock drivers, analog 
switches, and DI A-AID converter products. 

For information regarding newer devices introduced since the printing of this handbook, or for 
further information on the listed parts, please contact our local representative, distributor or 
regional office. 
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Ordering Information 

For available packages, consult each data sheet. Then refer to the package drawings in the back • 
of the book. 

The orderirig information.for National devices covered in this catalog is as follows: 

LH 0033 G 

LPACKAGE 

L...-______ DEVICE NUMBER 

'----------- DEVICE FAMILY 

DEVICE FAMILY 
AD - Hybrid Analog to Digital· Converter 
AF - Active Filter 
AH c- Hybrid Analog Switch 
AM - Monolithic Analog Switch 
DA - Hybrid Digital to Analog Converter 
DH - Hybrid Digital Driver 
OM - Monolithic Bipolar Digital Product 
LF - Monolithic BI·FET Product 
LH - Hybrid Linear Circuit 
LM .,..Monolithic Linear Product 
MH ~ Clock Driver 
MM - Monolithic MOS Product 
RA - Resistor Array 

PACKAGE 
o - Glass/Metal Dual·ln-Line Package 
F - Flat Package 
G - TO-8 (12 lead) Metal Can 
H - TO-5 (multi-lead) Metal Can 
J - G lass/G lass Dual-I n- Line Package 
K - TO-3 (8 lead) Metal Can 
N - Molded Dual-In-Line Package 

DEVICE NUMBER 
2 to 6 digit number. 
Suffix I ndicators are used to define 
specific electrical grades. Consult indi
vidual data sheet. 
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Device 

LHOOOl 
LH0001A 
LH0002 

LH0003 

LHOOO.4 

LH0005 

LH0020 
LH0021 
LH0022 
LH0024 
LH0032 

LH0033 

LH0041 
LH0042 
LH0044 
LH0044A 
LH0052 
LH0061 
LH0062 

LH0063 

LH2101A 
LH2108 
LH2108A 
LH2110 
LH24250 

.. 
Military Hybrid Op Amp Selection Guide 

MI LlTARY TEMPERATURE RANGE: -55°C t6 +125°C 

Input Input 
Offset Offset 

Voltage, Voltage Drift 
Max Typ 
(mV) (PViC) 

Input 
Offset 

Current 
Max 
(nA) 

Input 
Bias 

Current 
Max 
(nA) 

1 
2.5 

30 

4 20 100 

3 

10 

2.5 
3 
4 
4 
5 

10 

3 
20 

4 

25 

3 
1 
6 
4 

.050 

.025 

.5 

3 
(Note 2) 

20 100 
10 X 103 104 

4 

4 

20 

.10 

3 

20 
25 

200 

20 

20 

50 
100 

.002 
3 X 103 

.01 

(Note 3) (Note 3) 

3 100 
.005 

.2 5 

.1 .2.5 
2 ,,0001 
5 100 
5 .001 

(Note 11 (Note 3) 

15 20 
15 .4 

.4 
12, . 

2,000 

100 

50 

250 
300 

.01 
20 x 103 

.02 

.1 

300 
,025 

30 
15 

.001 
300 

'.025 

100 
3 
3 

10 
15 

,2 

Voltage 
Gain 
Min 

(VoltslV) 

25,000 
25,000 

15 

30 

2 

100,000 
100,000 
100,000 

4,000 
1,000 

.95 

.97 
(Note 3) 
100,000 

50,000 
500,000 

1,000,000 
100,000 
50,000 
50,000 

(Note 3) 

50,000 
50,000 
80,000 

,96 

Bandwidth 
AV = 1 

Typ 
(MHz) 

50 
30 

(Note 1) 
1 

30 
(Note 1) , 

1 

1 
50 
50 

100 

1 

1 
15 
15 

150 

.4 

.4 

.999 
1 

20 
100,000 ,25 

Note 1: Specified for AV = -10. 

«tte 2: Current booster. 

Slew Rate 
Av = 1 

Typ 
(V/p.s) 

100 

.25 

.25 

30 
(Note 11 

.25 

20 '" 
(Note 1) 

.25 
3 
3 

400 
500 

1,500 

3 
3 

3 
70 
70 

6,000 

30 

.06 

.06 

.5 

.3 
,3 

.16 

Output 
Current 

(rnA) 

Supply Voltage-
Min . Max 
(V) (V) 

±5 
±5 

±100 

±50 

'±15 

±50 

±40 
±1,000 

±10 
±100 
±100 

±100 

±200 
±10 

±1.3 
±1.3 

±5, 

±5 
±5 

±5 

±5 

±9 

'* ±5 
±5 
±5 
±9 
±5 

±5 

±5 
±5 
±3 
±3 

±10 ±5 
±500 ±5 

±6 ±5 

±400 ±5 

7.5 ±3 
±2 
±2 
±5 

.75 ±1 

±20 

±20 
±22 

±20 

±45 

±20 

±22 
±18 
±22 
±18 
±18 

±20 

±18 
±22 
±20 
±20 
122 
±18 
±20 

±18 

±22 

no 
±20 
±18 
±18 

Note 3: Voltage follower. 

Common 
Mode 
Range 

(V) 

±Vs 
±VS 
±Vs 

±Vs 

±Vs 

. ±Vs 

±VS 
±Vs 

±VS 
±Vs 
±Vs 

±Vs 

±Vs 
±Vs 
±Vs 
±VS 
±VS 

±VS 
±Vs 

±Vs 

±12 
±14 
±14 
±10 
±12 

Differential 
Input 

Voltage 
(V) 

±7 
±7 

(Note 2) 

±7 

±7 

±15 

±30 
±30 
±30 

±5 
±30 

(Note 3) 

±30 
±30 
±15 
±15 
±30 

(Note 4) 

±30 

(Note 3) 

±30 
(Note 4) 

(Note 4) 

±15 

Supply 
Current 

Max 
(mW) 

100 

30 

5 
,5 

1,5 

90 

50 
35 
35 

252 
200 

220 

35 
35. 

4 
3 

25 
100 

8.0 

500 

3. 
.6 
6 

5.5 
.03 set 

Compensation 
Components 

2 
2 
o 
2 

2 

3 

2 
o 
o 

o 
o 
o 
o 
a 
o 

o 
o 

1 
1 
o 
o 

Package Types 

TO-5 
TO·5 DIP F, P 
TO·5 DIP 

TO.5 

TO·5 

TO·5 

TO·5 
TO·3 
TO·S DIP F, P 
TO·5 
TO·8 

TO·88 PIN J 

TO·88 PIN J 
TO·5 DIP F, P 
TO·5· 

TO!s 
TO·5 DIP 
TO·3 
TO·5 DIP 

TO·3 

DIP F, P 
DIP F, P 
DIP'F,P 

DIP F, P 
DIP F, P 

Note 4: Inputs have shunt-diode protection; c1,Jrrent must be limited. 
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Device 

LH0001AC 

LH0002C 

LH0003C 

LH0004C 

LH0005C 

LH0020C 
LH0021C 
LH0022C 
LH0024C 
LH032C 

LH0033C 

LH0041C 
LH0042C 
LH0044AC 
LH00448 
LH0044C 
LH0052C 
LH0061C 
LH0062C 

LH0063C 

LH2201A 
LH2208 
LH2208A 
LH2210 

Input Input - Input 
Offset 

Current 
Offset Offset 

Voltage Voltage Drift 
Max Typ Max 

(nA) (mV) iJ.1V'C) 

30 

3 

L5 

10 

6 
6 
6 
8 

15 

20 

6 
20 

1 
10 
15 

50 

2 

4 

.025 

.050 

.150 

.5 

3 60 

(Note 2) 10 X 103 

4 

4 

200 

45 

25 25 

10 200 
200 

5 '.005 

25 5 x 103 

25 02 

(Note 3) (Note 3) 

5 200 
10 .01 

.5 2.5 

.5 5 

0002 
200 

10 002 

(Note 3) (Note 3) 

15 20 
15 .2 

5 .2 

Input 
Bias 

Current 
Max 
(nA) 

200 

104 

2,000 

120 

100 

500 
500 

.025 
22 x 103 

.5 

.15 

500 
, .05 

15 
30 
30 

.005 
200 

.065 

75 

2 

3 

.2 

Industrial and Commercial Hybrid Op Amp Selection Guid~ 

INDUSTR IAL TEMPERATURE RANGE: _25°C to +85°C 

Voltage 
Gain 
Min 

(VoltslV) 

.25 

.95 
(Note 2) 

15,000 

30,000 

2,000 

50,000 
100,000 
75,000 

3,500 
700 

.96 
- (Note 3) 

100,000 
25,000 

1,000,000 
500,000 
500,000 
75,000 
25,000 
25,000 

(Note 3) 

25,000 
50,000 
80,000 

.96 

.999 

Bandwidth 
Ay = 1 

Typ 
(MHz) 

50 

30 
(Note 1) 

1 

30 
(Note 1) 

1 

50 
50 

100 

15 
15 

150 

20 

.4 

.4 

.4 

Slew Rate 
Ay = 1 

Typ 
(Vips) 

.25 

100 

30 
(Note 1) 

.25 

20 
(Note 1) 

.25 

3 
3 

400 
500 

1,500 

70 
70 

6,000 

30 

.06 

.06 

.06 

.5 

.3 

.3 

Output 
Current 

(rnA) 

±5 

±100 

±50 

±15 

±50 

±100 
±1,000 

±1O 
±100 
±100 

±100 

±200 
±10 

±1.3 
±1.3 
±1.3 

±1O 
±500 

±6 

±400 

Supply Voltage 
Min Max 
(V) (V) 

±5 

±5 

±5 

±5 

±9 

±5 
±5 
±5 
±9 
±5 

~±5 

±5 
±5 
±3 
±3 
±3 
±5 

±5 
±5 

±5 

±3 
±2 
±2 

±5 

±20 

±22 

±20 

±45 

±20 

±18 
±18 
±22 
±18 
±20 

±20 

±18 
±22 
±20 
±20 
±20 
±22 

±18 
±20 

±18 

±22 
±20 
±20 
±18 

Common 
Mode 
Range 

(V) 

±Vs 

±Vs 

±Vs 

±Vs 

±Vs 

±Vs 
±Vs 
±Vs 
±Vs 
±Vs 

±Vs 

±VS 
±Vs 
±Vs 
±Vs 
±Vs 
±Vs 

±Vs 
±Vs 

±Vs 

±12 
±14 
±14 

±10 

Differential 
Input 

Voltage 
(V) 

±7 

(Note 2) 

±7 

±7 

±15 

±30 
±30 

±30 
±5 

±30 

(Note 3) 

±30 
·±30 
±15 
±15 
±15 

±30 
(Note 4) 

±30 

(Note 3) 

±30 
(Note 4) 

(Note 4) 

Supply 
Current 

Max 
(mW) 

1.3 

100 

30 

1.5 

90 

50 
40 
24 

252 
220 

240 

40 
28 

3 
4 
4 

30 
150 
120 

500 

.4 

.4 
5.5 

Compensation 
Components 

2 

o 

3 

2 

o 
o 

o 
o 
o 
o 
o 
o 
o 

o 
o 

1 

o 

Package Types 

TO-5 DIP F, P 

TO-5 DIP 

TO-5 

TO-5 

TO-5 

TO-5 
TO-3 
TO-5 DIP F, P 
TO-5 
TO-8 

TO-88 PIN J 

TO-8 8 PIN J 
TO-5 DIP F, P 
TO-5 
TO-5 

TO-5 
TO-5 DIP 

TO-3 
TO-5 DIP 

TO-3 

DIP F, P 
DIP F, P 
DIP F, P 
DIP F, P 

Note 1: Specified for Ay = -10. Note 2: Current booster. Note 3: Voltage follower. Note 4: Inputs have shunt-diode protection; current must be limited. 

LH2301A 
LH2308 

LH2308A 
LH2310 
LH24250C 

7.5 
7.5 

.5 
7.5 

6 

30 
30 

50 

10 

250 

7 

30 

COMMERCIAL TEMPERATURE RANGE: O°Cto +70°C 

25,000 
25,000 
80,000 1 

.999 20 
75,000 .25 

30 

.5 

.3 

.3 

.16 

±3 
±2 
±2 
±5 

.75 ±1 

±18 
±18 

±20 
±18 
±18 

±12 
±14 
±14 

±10 
±12 

*Not specified. tGuaranteed at +25°C. Note 1: Inputs have shunt-diode protection; current mJst be limited. 

±30 
(Note 1) 
(Note 1) 

±15 

3 
.8 

.8 
5.5 

.03 set 

1 

o 
o 

DIP F, P 
DIP F, P 

DI~F, P 
DIP F, P 

DIP F, P 
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FetOP Amp Cross Reference Guide 

National Nearest National Nearest National Nearest 
Device No. Pack~ge Pin for Pin National Device No. Package Pin for Pin National Device No. Package Pin for Pin National 

Equivalent Equivalent Equivalent Equivalent 
-'-

Equivalent Equivalent 

~ 

Analog Oev{ces Helex Siliconix 
AD503J, K • TO·5 L"H0042CH XH0032 TO-8 LH0032CG L120A TO·5 . LH0042H 
AD503S TO·5 LH0042H Harris L120C TO·5 LH0042CH _ 
AD506J, K, L TO·5 LH0022CH HA2050 TO·99 LH0042H L137AA TO·5 LH0022H 
AD506S TO·5 LH0022H HA2055 TO·99 LH0042CH L137CA TO·5 LH0022CH 
AD511 MOD Ui0042 . HA2050A TO·99 LH0022H Teledyne Philbrick Nexus 
AD513J, K TO·5 LH0042CH HA2055A TO·99 LH0042CH OFT MOD LHOO42CH 
AD513S TO·5 LH0042H HA2060 TO·99 LH0062H OFT·2 MOD LH0042CH 
AD514J, K, L TO·5 LH0042CH HA2065 TO·99 LH0062CH OFT·2A MOD LH0022CH 
AD514S TO·5 LH0042H HA2060A TO·99 LH0062H OFT·2B MOD LH0052CH 
AD516J, K TO·5 LH0022CH HA2065A TO·99 LH0062CH OFT·5 MOD LH0042CH 
AD516S TO·5 LH0022H I"tech 025AH TO-8 LHOO42CH 
AD523J, K, L TO-5 LH0052CH 

A·l00 MOD LH0042 PP25A MOD LHOO42CH 
AD528J, K TO-5 LH0062CH A-l0l MOD LH0042CH 1003 MOD LH0052CH 
AD528S TO·5 LH0062H A·l02 MOD LH0022CH 100301 MOD LH0052CH 
AD540J, K TO·5 LH0042CH A·l03 MOD LH0022CH 1006 MOD LH0042CH 
AD540S TO·5 LH0042H A-122 MOD LHOO52CH 1008 MOD LH0042CH 
ADP517 MOD LH0042CH A·123 MOD LH0052CH 1009 MOD LH0042CH 
M501A, B, C TO-8 LHOO22CH A-125 MOD LH0062CH 100901 MOD LHOO42CH 
40J, K TO-8 LH0042CH A-130 MOD LH0062CH 100902 MOD LH0042CH 
41J, K, L MOD LH0052CH A-131 MOD LH0062CH 1011 MOD LH0062CH 
m,K,L MOD LH0052CH 

A·136 MOD LH0062CH 101101 MOD LH0062CH 
MOD LH0022CH A·137 MOD LH0062CH 101102 MOD LH0062CH 

44J, K MOD LH0062CH 
A-148A, B,C MOD LH0042CH 1021 MOD LH0022CH 

45J, K MOD LH0062CH 1·1026 MOD LH0022CH 1023 MOD LH0052CH-
142A, B, C MOD LH0042CH A·l027 MOD LH0022CH 102301 MOD LH0052CH 
146J, K MOD LHOO22CH 1025 MOD LHOO32CG 
149J, K MOD LH0062CH Intersil .1408 MOD LH0052CH 
Bell and Howell ICH8500 TO·5 LH0052H 140801 MOD LH0052CH 
20-008 MOD LH0042CH ICH8500A TO·5 LH0052H 140802 MOD LH0052CH 
20·108 MOD LH0042CH ICH8500C TO·5 LH0052CH 140810 TO-8 LH0052CH 
20·208 TO·8 LH0022H ICH8007C TO·5 LH0042CH 1402 TO-8 LH0042CH 
20·248 TO-8 LH0022CH ICH8007M TO·5 LH0042H 140201 TO·8 LH0042CH 
Burr-Brown ICL8007AM TO-5 LH@042H 140202 TO-8 LH0042CH 

TO-99 LHOO22CH 
ICL8007AC TO-5 LH0042CH 1407 TO-8 LH0042CH 3521L 

3542J TO-99 LH0042CH I"tronies 140701 TO-8 LH0042CH 
3542S TO·99 LH0042H FAS30 MOD LH0062CH 1414 MOD LH0062CH 
3542S0 TO-99 LH0042H/883 FA531 MOD LHOO62CH 141410 DIP LH0062CH 
3506J TO-99 LH0022CH FA540 MOD LH0042CH 1421 TO-5 LH0042CH 
:l508J TO-99 LH0062CH FA541 MOD LHOO42CH Zeltex 
3348/03 OIL LH0022CD Optical Electronics. Inc. (OEI) ZAB01/M1/M2/M3 MOD LH0042CH 
3349/03 OIL LH0022CD 9712 MOD LH0032CG ZA801Tl TO-8 LHOO42CH 
3350/03 OIL LH0042CD 9725 MOD LH0032CG ZA801Dl OIL LH0042CH 
3503A TO-99 LH0042CH 9731 MOD LH0032G ZA801El OIL LH0042CH 
35038 TO·99 LH0042H 9738 MOD LH0032G ZA802Ml, M2 MOD LH0022CH 
3503C TO·99 LHOO22CH 9718 MOD LH0062CH ZA803Ml MOD LH0042CH 
3503R TO-99 LHOO22H 9726 MOD LH0062CH ZA804Ml, M2 MOD LH0042CH 
3503S TO-99 LH0052CH 9727 MOD LH0062CH ZA903Ml, M2 MOD LH0042CH 
3503T TO·99 LH0052H 9715 MOD LH0062CH ZA910M MOD LH0062CH 
Datel 9721 MOD LH0062CH 133 MOD LH0022CH 
AM405-2 TO·99 LH0042CH 9723 MOD LH0062CH 133-03 MOD LH0052CH 
AM406-2 TO·99 LH0042CH 9733 MOD LH0052CH 133-04 MOD LH0022CH 
AM100A MOD LH0062H 9720 MOD LH0032CH 134 MOD LHOO42CH 
AM100B MOD LH0062CH 9729 MOD LH0052CH 1340 MOD LH0042CH 
AM102A MOD LH0062H Signetics 135 - MOD LHOO62CH 
AM102B MOD LH0062CH SU536T TO.5 LH0042CH 
Fairchild NE536T TO·S LH0042CH 
U5B7740312 SU740T TO-S LH740ACH 

(/LA7401 TO-5 LH740AH NE740T TO-5 LH740ACH 
U5B7740393 

(/LA740CI TO·S LH740ACH 
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Device 
Number 

Dixon 

DAS2114 
DAS2126 
DAS2128 
DAS2132 
DAS2133 
DAS2136 
DAS2137 

Fairchild 

Function 

SPOT - 100 ohm 
SPOT - 50 ohm 
Quad SPST 50 oh m 
Dual SPST - 50 ohm 
Dual SPST - 50 ohm 
Dual SPST - ~O ohm 
Du~1 SPST - 50 ohm 

A3F3700 (xxx) 4CH 1\110S SWitch 
A313701 (xxx) 6CH MOS MUX 
A6J37Q5 (xxxi 8CH MOS MUX 
A6J3708 (xxx) 8CH MOS MUX 
HAG3001 (1xx) 4PST (obsolete) 
HAG3002 (xxx) SPOT - 400 ohm 

General Instrument 

MEM2009 
MEM2017 
MEM3705 
NC450 
NC451 
NC2114 
NC2126 
Ne2137 

Intersil 

IH5001 
IH5002 
IH5003 
IH5Q04 

6CH MOS MUX 
6CH MOS MUX 
8CH MUX With Decode 
Dual SPST 500 ohm 
Dual SPST 100 ohm 
SPOT 100 ot1m 
SPOT - 50 ohm 
SPOT -- 20 ohm 

SPST - 30 ohm 

SPST 50 ohm 
Duat SPST - 30 ohm 
Dual SPST 50 ohm 

lH5009 thru TTL Compatible JFET 
IH5024 Senes Analog Current Switches 

DG126 thru TTL Compatible -- JFET 
DG162 Series Analog Voltage Switches 

G114 thru Multiple P-MOS Transistors 
G124 Series 

SLllconix 

Dual SPST 400 ohm 
Dual SPST - 400 ohm 
Dual SPST 400 ohm 
Obsolete see DG 172 
Obsolete - see DG 172 

National 
FunctIOnal 
EqUIvalent 

AH2114 (pm for Pin) 
AH0162 
2-AH0152 
AH0152 
AH0152 
AH0152 
AH0152 

MM450 Senes 
AM2009 
AM3705 (pin for pin) 
AM3705 (pin for pin) 

AHOQ15 
AH0014, AH0019 

AM2009 (pin for pm) 
. AM2009 (pill for pill) 
AM3705 (pin for pill) 
AH0152 
AH0134 
AH2114 (pin for pill) 

AH0162 
AH0146 

1/2 AH0133 
1/2 AH0152 
AH0133 
AH0152 
AH5009 thru 

AH5024 Series (pin for pin) 

AH0126 thru 
AH0164 Series 
(pin for pin - see note 1) 

MM450 thru MM454 Series 
and AM2009 

1/2 AHQ015 
1/2 AH0015 
1/2 AH0015 
1/2 AHQ015 
AH0015 

DG110 
OGM111 
DG112 
DG116 
DGl18 
DG120 
DG121 
DGM122 
OGM123 
DG125 

Obsolete see DG502 AH0015 
Obsolete - see DG502 2-AH0015 
Dual 2CH-MUX - 400 ohm AH0015 
Obsolete - see DG501 
Obsolete - see DG501 

AM3705 
AM3705 

DG126 thru TTL Compatible - JFET AH0126 thru 
DG164 Series Analog Voltage Switches AH0164 Series 

(pm for pin - see note 1) 

Device 
Number 

OG169 
OG171 
DGl72 
DG173 
DG175 
DG181 
DG182 
DG184 
DG18S 
DG187 
DG188 
DG19D 
OG191 
DG400 Series 
DG501 
DG502 

DG503 
DG506 
DG507 
DG510 
DG511 

Function 

Obsolf't€ S(;e OG173 

SPST 100 uhm 
4CH MUX - 400 ohm 
DPDT - 400 ohm 
SPOT - 200 :Jilm 

Dual SPST - 30 ohm 

Dual SPST 80 ohm 
Dual DPST - 30 ohm 
Dual DPST 80 ohm 
SPOT -- 30 O'ltn 

SPOT 800nm 
Dual SPST 30 ohm 
Dual SPDT 80 ohm 
Dual SPOT - 80 ohm 

BCH MUX - 200 ohm 

National 
Functional 
Equivalent 

AH0014 
AM1000 
AH0015 
AH0014 
1/2 AH0015 
AH0133 
AH0134 
AH0129 
AH0126 
AH0144 
AH0143 
2-AH0144 
2·AH0143 
See note 2 

2-AH0015 
Dual 4CH MUX - 200 ohm 2·AH0015 
8CH MUX -- 400 ohm AM3705 
BCH MUX 400 ohm 
8CH MUX - 400 ohm 
8CH MUX 400 ohm 

AM3705 
AM3705 
AM3705 

Dual 4CH MUX - 400 ohm 2-AH0015 
G114 thru Multiple P-MOS TranSistors MM450 thru MN:454 Selles 

G 124 Senes and AM2009 
G125 thru Multiple J·FET Transistors AH5009 thru 

G135 Series 
SI3001 DPST - 500 ohm 

513002 
SI3705 

SPOT - 500 ohm 
8CH MUX - 400 ohm 

Teledyne - Crystalonics 

CAG6 
CAG7 
CAG10 
CAG13 
CAG14 
CAG20 
CAG21 
CAG22 
CAG23 
CAG24 
CAG27 
CAG30 
CAG513 
COAl 

CDA2 
CDA4 
CDA5 
CDA6 
COA11 
CDA18 

SPST - 100 ohm 
SPOT - 100 ohm 
SPST - 500 ohm 
Dual SPST .- 500 oh m 
SPST - 500 ohm 
Dual SPST - 500 oh fT, 

Dual DPST - 50 ohm 
Dual DPST -- 300 ohm 
Dual DPST - 500 ohm 
Dual SPST - 300 ohm 
Dual SPST - 100 ohm 
SPST - 600 ohm 
Dual SPST - 500 ohm 
SPST - 100 ohm 
Dual SPST -- 300 ohm 
SPST - 100 ohm 
SPST - 200 ohm 
SPST - 100 ohm 
SPST - 100 ohm 
SPST - 50 ohm 

AH5024 Series 
1/2 AHQ019 
1/2 AH0015 
AM3705 (pin for pin) 

1/2 AH0134 
AH0143 
AM1000 
AH0134, 1/2 AH0015 
AM1000 
AH0134, 1/2 AH0015 
AH0154 
AHOl54, AH0019 
AH0019 
AH0134, 1/2 AH0015 
AH0134 
1/4 AH0015 
1/2 AH0015 
1/2 AH0134 
1/2 AH0015 
1/2 AH0134 
1/2 AH0134 
1/2 AH0134 
1/2 AH0134 
AM1000 

Analog Switch Cross Reference Guide 

Device 
Number 

Function 

Teledyne Semiconductor (Amelca) 

2107BE 
2110BE 
2114BF 
2126BG 
2127BG 
2127BG 
2128BG 
2130BG 
2137BF 

SPST ,- 100 ohm 
SPST - 500 ohm 

SPOT - 100 ohm 

SPOT - 500 ohm 

SPOT - 500 ohm 
DPST - 500 ohm 
Quad SPST - 500 ohm 

Dual'SPST - 50 ohm 
SPOT - 200 ohm 

2138BE Duai SPST - 500 ohm 
21398E Dual SPST - 500 ohm 
2141BF/BH Dual SPST -- 500 ohm 
2145BE Dual SPST - 50 ohm 
2147BE Dual SPST - 500 ohm 

Texas Instrument 

TMS6000 lOCH MOS MUX 
TMS6002 6CH MOS MUX 
TMS6005 6CH MOS MUX 
TMS6009 6CH MOS MUX 

National 
Functional 
Equivalent 

1/2 AH0126 
112 AH0126 
AH2114 (Pin for pin) 

AH0162 
AH0162 
AH0152 
2·AH0152 
AH0152 
AH0146 
NS8035 (Pin for pm) 

AH0152 
AH0152 
AH0152 
AH0152 

AM3705 

AM2009 
AM2009 
AM2009 (pin for pm) 

Note 1 le!1er des,gnatlOnsaiter parr numbers 
lemp range codes are 

Inters,L & 
Sihconlx 

Designatlon5 

le!1er· A·· = M,lItary temperature range 
Letter '·SP = Industr,al temperature range 

=Flatpack 
letter "p.' ~ Dual-In-Lme 

Examples: 

DG129AL 
DG134BP 

Nat,onal 
Designations 

= No letter 
= leiter "C'· 

= Letter"F" 
= Letter "OP 

= AH0129F (pm for plnl 
= AH0134CO (pm for pm) 

Note 2: ·'400" series used to denote mdustrlal temperature range product 
Coding wa\ changed to use "100·' sene, and letter "s .. 
Example'DG426 OG1268 AH0126C 
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DIP Resistor Array Cross Reference Guide 

Description National Allen-
Beckman Bourns CTS Centralab Dale Mepco Sprague Bradley 

7 Independent 
RA07-XXXN 34B-XXX4 899-3-RXXX 4114R-001-XXXS 760-3-XXX MEC-2-XXX CDP1401-XXXG D14G02-XXXX 914CXXXX5SR 

Resistors, 14 Pins 

B Independent 
RA08-XXXN 36D-XXX4 898-3-RXXX 4116R-001-XXXS 761-3-XXX MEC-3-XXX CDP1601-XXXG D16H12-XXXX 916CXXXX5SR 

Resistors, 16 Pins 

12 Resistors, 
Pins 7 and 14 RA12-XXXN 914CXXXX5PD 
Common, 14 Pins 

13 Resistors, 
Pin 14 Common, RA13-XXXN 34A-XXX4 899-1-RXXX 4114R-002-XXXS 760-1-XXX MEC-1-XXX CDP1402-XXXG D14M01-XXXX 914CXXXX5PE 
14 Pins 

14 Resistors, 
Pins 8 and 16 RA14-XXXN 916CXXXX5PE 
Common, 16 Pins 

15 Resistors, 
Pin 16 Common, RA15-XXXN 36C-XXX4 898-1-RXXX ,4116R-002-XXXS 761-1-XXX CDP1602-XXXG D16011-XXXX 916CXXXX5PE 
16 Pins 

24 Resistors, 
RA24-ABCN 34E-XXXX 899-5-RXXX 4114R-003-XXXX 760-5-RXXXX 914CTRXXXXSTR 

Line Terminator 

28 Resistors, 
RA28-ABCN 36E-XXXX 

Line Terminators 
898-5 RXXX 4116R-003-XXXX 761-5-RXXXX 916CTRXXXXSTR 

Note: XXX represents resistor values; all resistors are the same value within a package. Tolerance is ±2% or ±2n, whichever is larger. Custom arrays are available. For terminator arrays, ABC represents 
resistor ratio values. Tolerance is ±5%. 

TERMINATOR ARRAY VALUES 

All of these resistance values are available in each array configuration except terminators (all values in ohms): Part Number Rl R2 

22 47 100 220 470 lk 2.2k 4.71< 9.1k 20k RA24 - nO/270N 220 270 

24 51 110 240 510 1.1k 2.4k 5.1k 10k 22k RA24 - 220/330N 220 330 

27 56 120 270 560 1.2k 2.7k 5.6k 11 k 33k RA24 - 390/500N 390 500 

30 62 130 300 620 1.3k 3k 6k 12k 47k RA24 - 3k/6.2kN 3k 6.2k 

33 68 150 330 680 1.5k 3.3k 6.2k 13k 68k RA28 - 220/270N no 270 

36 75 160 360 750 1.6k 3.6k 6.8k 15k lOOk RA28 - 220/330N 220 330 

39 82 180 390 820 1.8k 3.9k 7.5k 16k RA28 - 390/500N 390 500 
43 91 200 430 910 2k 4.3k 8.2k 18k RA28 - 3k/6.2kN 3k 6.2k 

Resistance tolerance is ±5%. Values are listed in ohms. 
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Application Note Guide 

NAll0NAL 

Many of the products included within this catalog are described in one or more of the following 
application notes. Copies are available through your local National Sales Office. 

AN-13 
AN-18 
AN-28 
AN-33 
AN-34 
AN-38 
AN-48 
AN-49 
AN-53 
AN-63 
AN-75 
AN-76 
AN-155 
MB-5 
MB-9 

LH0002 Current Amplifier 
MOS Clock Driver 
High-Speed MOS Commutators 
Analog-Signal Commutation 
How to Bias the Monolithic JFET Dual 
MOS Analog Switches 
Applications for a New Ultra-High Speed Buffer 
Pin Diode Drivers 
High Speed Analog Switches 
New Design Techniques for FET Operational Amplifiers 
Applications for a High Speed FET Operational Amplifier 
Applying Modern Clock Drivers to MOS Memories 
Digital Voltmeters and the MM5330 
MOS Clock Savers 
MOS Clock Drivers 

xiii 

9/68 
3/69 
2/J0 
2/70 
3/70 
4/70 
8/71 
8/71 
9/71 
3/72 

12/72 
2/73 

11/75 
1971 
1971 





~ Amplifiers 

NAnONAL 

LH0001* low power operational amplifier 

general description 
The L H0001 is a general purpose operational 
amplifier designed for extremely low quiescent 
power. Typical NO·load dissipation at 25°C is 
2 milliwatts at Vs ~ ±15 volts, and 0.5 milliwatts 
at Vs ~ ±5 volts. Even with this low power dissipa· 
tion, the LH0001 will deliver ±10 volts into a 2K 
load with ±15 volt supplies, and typical short cir· 
cuit currents of 20 to 30 milliamps. Additional 
features are: 

• Operation from ±5V to ±20V 

• Very low offset voltage: typically 200 j1V 
at 25°C, 600 j1V at _55°C to 125°C 

schematic and connection diagrams 
r-~~ ______ ~ ____ ~ ______ -' __ ~v' , 

R6 R7 
SOK SDK 

L....-+--10 
..:.CO:.,M:;.;P .... -.-+ ________ +-__ +---. ~~~MP 

COMP 

R3 
300K 

R4 
lOOK 

COMPENSATION 

typical applications 
Voltage Follower 

R1' 

C1 

>~+-- OUTPUT 

*May be zero or equal to source 
resistancefOfmlmmumoffset. 

Integrator with Bias Current Compensation 
CF 

INPUT-""""... ..... --.....;::..j 

'2Mri 

-15V 

*Previously called NH0001 

>.::... ..... --- OUTPUT 

*Adjust fOI zero integrator drift. 

1-1 

• Very low input offset current: typically 3 nA 
at 25°C, 6 nA at -55°C 

• Low noise: typically 3 j1V rms 

• Frequency compensation with 2 small capacitors 

• Output may be clamped at any desired level 

• Output is continuously short circuit proof 

The LH0001 is ideally suited for space borne 
applications or where battery operated equipment 
requires extremely low power dissipation. 

COMPENSATION 

COMPENSATION 

TOP VIEW 

Note: Pin 7 must be grounded or connected to a voltage at least 
5 volts 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 
up to a maximum of 100 kn per volt for the voltage difference 
between Pin 3 and Pin 9. 

Order Number LH0001H 
See Package 11 

Voltage Comparator for Driving MOS Circuits 

+10 VOL TS 

INPUTS >''------OUTPUT 

r--i+-----V, 

L.... ...... +-_-v, 

-30 VOL TS 

External Current Limiting Method 

INPUTS 

01 02 

>"...""""... __ .... -OUTPUT 

*V f = average forward 
voltage drop of 
diodes Dl to D4 
at 20to SOIJA. 

• 

r
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absolute maximum ratings 
Supply Voltage ±20V 
Powe", Dissipation (see Curve) 400mW 

Differential Input Voltage ±7V 

Input Voltage Equal to supply 

Short Circuit Duration (Note 11 Continuous 
Operating Temperature Range _55°C to +125°C 

Storage Temperature Range _65°C to +150°C 

Lead Temperature (Soldering 10 sec.) 300°C 

electrical characteristics (Note 2) 

PARAMETER TEMP (C) CONDITIONS 

Input Offset Voltage 25 Rs~5K 
-55 to 125 Rs~5K 

Input Offset Current 25 to 125 
-55 

Input Bias Current 25 to 125 
-55 

Supply Current (+) 25 Vs = ±20V 
125 Vs = ±20V 

-55 Vs = ±20V 

Supply Current (-) 25 Vs = ±20V 
125 Vs = ±20V 

-55 Vs = ±20V 

Voltage Gain -55 to 25 RL = 100 K12, Vs = ±15V, V OUT = ±10V 
125 RL = 100 Kl2, Vs = ±15V, V OUT = ±10V 

VOUT 25 Vs = ±15V, RL = 2K 
-55 Vs = ±15V, RL = 2K 

125 Vs = ±15V, RL = 2K 

Common Mode -55 to 125 Vs= ±15V, V'N = ±10V, Rs~5K 
Rejection Ratio 

Power Supply -55 to 125 Vs =.±15V, tov =5V to 20V, R~ = ~ 5K 
Rejection Ratio '~I 

Input Resistance 25 

Average Temperature -55 to 125 Rs~5K 
Coefficient of Offset 
Voltage 

Average Temperature -55 to 125 
Coefficient of Bias 
Current 

Equivalent Input 25 Rs = 1 K, f = 5 Hz to .1000 Hz, V s = ±15V· 
Noise Vortage 

Note 1: Based on maximum short circuit current of 50 mA, device may be operated at 
any combination of supply voltages, and temperature to be within rated power dissipation 
(see Curve). 
Note 2: These specifications apply for Pin 7 grounded, for ±5V ~ Vs ~ ±20V, with 
Capacitor Cl '" 39 pF ·from Pin f to Pin 10, and C2 == 22 pF from Pin 5 to ground. unless 
otherwise specified. . . 

guaranteed. performance 
Input Voltage Range Small Signal 'f0ltage Gain, 

" 1 1 16 
Rl " lOOK TO THE 

" NEGATIVE SUPPLY 

" ./ 
90 f- 1,. "ov1 ,",OV 12 

./ 10 

:..~V 
MINIMUM ........ 

"""-, B5 Vs ":!::5V 

, .> MINljUM ......... 

" ~ 4 ./ 
BO 

,/ TA " _55°C TO +125°C 

I 1\ 0 15 , 10 15 20 -50 0 .50 +100 +150 

SUPPLY VOLTAGE (!cV) TEMPERATURE (OC) 

1-2 

MIN TYP MAX UNITS 

0.2 1.0 mV 
0.6 2.0 mV 

20 nA 
100 nA 

100 nA 
300 nA 

90 125 IlA 
70 100 IlA 

100 150 IlA 

60 90 IlA 
45 75 IlA 
75 125 IlA 

25 60 Vim V 

10 30 V/mV 

10 11.5 V 
9 10.5 V 

11 12.5 V 

70 90 dB 

70 90 dB 

0.5 1.5 Ml1 

4 IlV(C 

0.4 IlA(C 

3.0 IlVrms 

Maximum Power Dissipation 

BOO 

I'... 700 

"' 
CASE 

600 , 
500 

~B"N~ 400 r--
300 

I, 
200 

.......... "' ........... 
100 

0 

" 50 15 100 125 

TEMPERATURE (oC) . 



typical performance characteristics 
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Frequency Response 
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I 
I 
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R,'" I 

" i"o Cl=0,C2=0 

Cl=39pf :\.. 'l I -- Cr"( I'\..'J.I 
I N\ 
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Positive Supply Currents 

lBO 

160 

140 

120 

100 

BO 

60 

40 

20 

10 " 20 

SUPPLY VOLTAGE ('V) 

Input Offset Current 

4 ------+-------~----4 

10 15 

SUPPLY VOLTAGE ('V) 

Positive Output 
Voltage Swing 

20 

"r-----,-------r-----, 

16 

12 

10 " 
SUPPLY VOLTAGE ('V) 

Large Signal 
Frequency' Response 

\ \C1 
, 

C2 , 

\ ' C1.J9PF~ 
C2: 2Zr .\. 

1K 10K lOOK 1M 

FREQUENCY (Hd 

1-3 

Vs: '15V 
T ... = 25 ~ C 

10M 

20 

Short Circuit Output Current 

Vs= '151J 
40 

P~SITlVE S~PPLY 
30 

V 
JGATIVELpPLY 

r-
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10 

+100 +150 

TEMPERATURE ("C) 
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,...., 

'10 ., 
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~ Amplifiers 

NAnONAL 

LH0001A/LH0001AC micropower operational amplifier 

general description 
The LH0001A/LH0001AC is a micropower, high 
performance integrated circuit operational ampli
fier designed to have a no load power dissipation 
of less than 05 mW at V s ~ ± 5V and less than 
2 mW at Vs ~ ±20V. Open loop gain is greater 
than 50k and input bias current is typically 20 nA. 

features 
• 1.0 mV Typical low offset voltage 

• 5 nA Typical low offset current 

• 3 f.lVrms Typical low noise 

• Simple frequency compensation 

• Moderate bandwidth and slewrate 

schematic diagram* 

INV INPUT o-----ir---, 

NON-INV 
INPUT 

, 
INPUTCOMPENSAIION 

*PiO shown for TO-5 pac~age 

connection diagrams 
Metal Can Package 

LH0001AHItH0001ACH 

COMPIIoClAMP 

INPUT COMP 

Order Number 
LH0001AH or LH0001ACH 

See Package 11 

1-4 

• Outputshort circuit proof 

The LH0001A/LH0001AC may be substituted 
directly for the LH0001/LH0001C. Low power 
consumption, high open loop gain, and excellent 
input characteristics make the LH0001A an ideal 
ampl~fier for many low power applications such 
as battery powered instrument or transducer 
amplifiers. 

The LHOOOl A is specified for operation over the 
_55°C to +125°C military temperature range. The 
LHOOOl AC is specified for operation over the O°C 
to +85°C temperature range. 

typical application* 

<, 

INPUT~-"A""""'---1 

°Ad,lUIIQ"e,omt.qratmd,,1t 

Integrator with Bias Compensation 

Cavity Dual-in-Line Package 

lH0001ADIlHOO~IACO 

-INPUT 14 +INPUT 

INPUTeOMP 

12 NC 

11 OUTPUTCOMP 

COMPlIoCLAMP HlNC 

Nt V' 

OUTPUT Nt 

TOP VIEW 

Order Number 
LH0001AD or LH0001ACD 

See Package 1 



absolute maximum ratings 

Supply Voltage 

Power Dissipation (See curve) 
Differential Input Voliage 
I nput Voltage 
Short Circuit Duration 

Operating Temperature Range LH0001A 

LH0001AC 

±20V 
400 mW 

±7V 

±Vs 
Continuous 

-55°C to 125°C 
-25°C to 85°C 

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

electrical characteristics (Note 1) 

PARAMETERS CONDITIONS 
LHOOO1A 

MIN TYP 

Input Offset Voltage Rs <::: 1 k, T A " 25' e 1.0 

Input Bias Current TA o 25'e 20 

Input Offset Current TA o 25'e 5 

Supply Current Vs 0 ±20V, TA o 25'e 80 
Vs 0 ±20V 

Voltage Gain Vs 0 ±15V, VOUT 0 lOV, RL" lOOk, 25 60 
TA o 25'e 25 60 
Vs 0 ±15V, VOUT 0 lOV, RL 0 lOOk 10 30 

Output Voltage Vs 0 ±15V, RL 0 2k, TA 0 25'e 10 11.5 
Vs 0 ±15V, RL 0 2k 9 

Common Mode Rejection Ratio Vs " ±15V, Y'N " 10V, Rs 0 lk 70 90 

Power Supply Rejection Ratio Vs 0 ±15V, Rs 0 lk, Vs 0 ±5V 70 90 
to ±20V 

Equivalent Input Noise Voltage Vs 0 ±15V, Rs 0 lk, TA " 25'e 3.0 

I" 500 Hz to 5 kHz 

Average Temperature Coefficient Rs <::: lk 3.0 
01 Offset Voltage 

Average Temperature Coefficient 0.3 
of Bias Current 

Note 1: The specifications apply for ±5V :::; Vs ::::. 20V, with output compensation capacitor, 
C, '" 39 pF, input compensation capacitor, C2 '" 22 pF, _55°C to 12SoC for the LHOOO1A and 
_25 D C to +8SoC for the LH0001AC unless otherwise specified. 

typical applications 

v," 

TTL/DTL Compatible Comparator Voltage Follower 

1-5 

LHOOO1AC 
UNITS 

MAX MIN TYP MAX 

2.5 2.0 5.0 mV 
4.0 7.0 mV 

100 20 200 nA 
300 300 nA 

20 20 60 nA 
100 100 nA 

125 80 125 p.A 
150 150 IJA 

25 60 V/mV 

25 60 
10 V/mV 

10 11.5 V 

9 V 

70 90 db 

70 90 db 

3.0 ,uVrms 

3.0 p'v/'e 

0.3 nAte 

02"- Ol 

_NCLA!'; 
I-'''A~ Rl 

_I + LHO/;'''V'-.''AW'''''''~I.~''',.-.,'::~:UT 
V 'diDliesol tD OJ It20 to §OIJA 

External Output Current Limiting 

r
J: 
o 
o 
o .... 
l> ...... 
r
J: 
o 
o 
o .... 
l> 
(") 
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typical performance characteristics 

~ 
z 
~ 500 

'" ~ 400 

~ 300 

~ 200 
:i' 

tOO 

o 

80 

o 

Maximum Power Dissipation 

"'-

i'.. 

o 25 50 75 100 125 150 
TEMPERATURE ( C} 

Input Bias Current 

I I 
I- TA=-55 C 

i- TA '" 250-

TA~125C 

o 5 10 15 20 
SUPPLY VOLTAGE ('VI . 

Negative Output 
Voltage Swing 

18~~~,-----~-----, 

16 

14 

12 r------+-----~~~. 

10 r------t-..lIf1'. ..... -t---

to 15 

SUPPLY.VOLTAGE I±VI 

1 ... 
'" w 
'" '" => u 
> 

=> 
~ 

;; 

'" 
~~ 

~' 

Supply Current 

100 

80 

I I 
r TA~-5i C // 

......r" 
TA • 25 Y " 

60 
, "..r' 

f-"" I 
40 

TA=:125'C l,....-
.,;...--r 

20 I 
5 10 15 20 

SUPPLY VOLTAGE ('VI 

Input Voltage Range 

20 TA '" -55 Cto 125 C 
1'1 

15 '/ 
'/' 

10 
(TYPICAL) '/ 

~ (MINIMUM) 

~ 
~ 

o 
·0 5 10 15 20 

SUPPLY VOLTAGE ('VI 

Positive Output 
Voltage Swi n9 

18r-----~------_r------, 

16 I. 
12 

10 

10 15 

SUPPLY VOLTAGE I±VI 

20 

r 
'" z 
~ 
'" ; 
C> 
> 

m 
:!' 
z 
;;: 
'" 
'" '" ~ 
C> 
> 

Input Offset Current 

I I I 
TA -+55 C 

I I I 
I I I 
TA "'-25 C 

I I I 
I I' I 
TA =125 C 

I I I 
5 10 15 20 
SUPH Y VOLTAGE ('V) 

Voltage Follower 
, Pulse Response 

+6 

+4 

+2 

-2 

-4 

-6 

toO 

85 

80 

I- - -- -
. \ INPUT I 

OUTPUT 1/ 

\ I 
\ II .. - ---I- Vs-~15V 

RL '" 2K 
TA=25°C 

o 20. 40 60 80 100 120 140 
TIME (j.ls) 

Voltage Gain 

10 

RL " lOOK TO THE 
NEGATIVE SUPPLY 

15 

SUPPLY VOLTAGE (±V) 

Open loop .Frequency Large Signal Frequencv 
Response Response 

180 

160 16 

140 

~ 120 " 12 

'" -
~ 100 " " 
'" 80 

~ 60 

40 

~ 
S 
~ 
0 

20 

10 100 1 K 10K lOOK 1M 10M lOt( lOOK 1M 10M 

FREQUENCY (Hz) FREQUENCY (Hz) 
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~ Amplifiers 

NA110NAL 

LH0003/LH0003C* wide bandwidth operational amplifier 

general description 

The LH0003/LH0003C is a general purpose opera~ 
tional amplifier which features: slewing rate up to 
70 volts/!.lSec, 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 100Q 
load 

schematic and connection diagrams 

COMP 

COMP 

R3 
10K 

R4 
10K 

R6 A7 
11< 11< 

R5 
lK 

typical applications 

High Slew Rate Unity Gain Inverting Amplifier 

'Previously called NH0003/NH0003C 

1-7 

• HighCMRR 

• Good large signal 
frequency response 

Typically> 90 dB 

SO kHz to 400 kHz de~ 
pending on compensa-
tion 

The LH0003 is specified for operation over the 
-SSoC to +12S'C military temperature range. The 
LH0003C is specified for operation over the O°C 
to +85°C temperature range. 

On.ltlr NUl1lber LH0003H Of LH0003CH 
See Package 11 

C, 

C"Cllil G,,,,, pF 
C2 Slew Ra1e 
pF i'lL; 200\:, V'/.'sec 

30 

JO 

50 

9<l 

Typical Compensation 

Unity Gain Follower 

100pF 

Full Qutpul hequency 

C lOC:: ',,,. . ,0, 

r
:t 
o 
o 
o 
w 
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r
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o 
o 
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w 
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absolute maximum ratings 
Supply Voltage !20V 
Power Dissipation See curve 
Differential Input Voltage , +7V 
Input Voltage Equal to supply 
.Load Curr,ent 120 mA 
Operating TemperaJure Range LHOO03 -55'C to +125°C 

LHOO03C O°C to+85°C 
Storage Teo:perature Range -65°C to +150°C 
Lead Temperature {Solderrng, 10secl 300'C 

electrical characteristics {Notes 1 & 21 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Supply Current 

Voltage,Gam 

Voltage Gam 

OutPUt'Volldge Swmg 

Input Resistance 

A~erage Temperature 

COeffiCient oi Offset 

Voltage 

Average Temperature 

CoeffiCient of Bias 

Current 

CMAR 

PSRR 

EqUivalent Input 

NOise Voltage 

CONDITIONS 

Rs < 0< 

Vs '20V 

RL lOOk. Vs +15V, VOUT + lOV 

RL = 2k, Vs ~ t15V, VOUT -lOV 

Vs "J5.Rl 100~~ 

Rs<lk,VS tV"V IN =lOV 

Rs < lk, Vs '_15V, AV 5V to 20V 

As 1 K, f 10 kHz to 100 kHI 

Vs ±15V de 

MIN 

20 

15 

::10 

70 

70 

TVP MAX UNITS 

04 3.0 rnV 

002 0.2 "A 

04 2.0 "A 

1 2 j rnA 

70 Vim V 

40 Vim V 

! 12 V 

100 Id! 

4 ~V/ C 

8 nA/oC 

90 dB 

90 dB 

1.8 !J,Vrms 

Note 1. These specifications apply for Pin 7 grounded, for· ±5V < Vs < ±20V, with capacitor 
C1 90 pF from Pin 1 to Pin 10 and C-2 CO" 90 pF from Pin 5 to ground, over 
the Spp.clfled operating temperature range;unless otherwise specified 

Note 2·, TYPical values are for tAMBI ENT '" 25°C unless otherwise specified 

typical performance 

Maximum Power Dissipation Large Signal Frequency Response 

2 IIIIIII N. N o 
25 50 15 100 125 10' 10' 10' 107 

TEMPERATURE lOCI FREQUENCY (Hz) 

1-8 

Open Loop Frequency Response 

40 -

'0 

10° 10 ' 102 103 104 105 lOS 107 108 

FREQUENCY (Hz) 



~ Amplifiers 

NA'nONAL 

LH0004/LH0004C* high voltage operational amplifier 

general description 
The LHOOO4/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 
5KD load with ±40V supplies 

• Low input offset current typically 20 nA for 
the LH0004 and 45 nA for the LH0004C 

• Low input offset voltage typically 0.3 mV 

• Frequency compensation with two small 
capacitors. 

schematic and connection diagrams 

.......... --.... - .... --.... --'-,. 

" "" 
.. 
"" 

typical applications 

• 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 specified for operation over the O°C 
to +85°C temperature range. 

applications 
• Precision high voltage power supply. 

• Resolver excitation. 

• Wideband high voltage amplifier. 

• Transducer power supply. 

Note: Pin 7 must be grounded or connected to a 
voltage at least 5 vOlts more negative than the POSI 
tllll! supply (pm 9) Pin 7 may be connected to the 

negative supply, however. the standby current will 
be Im;reased. A reSistor may be Inserted In senes 
with Pin 7 to Pm 9 The value of the resistor should 
be.<I maximum of 100 KI1 per 11011 of potential 
between Pm 3 and Pm 9 

Order Number LH0004H or LH0004CH 
See Package 11 

Voltage Follower I "put Offset 
Voltage Adjust 

External Current Limiting Method High Compliance Current Source 

" I 22 'f 

":' *May be zero or eqllsl to 
SQurce resistllnce for 
minimum offset. 

'Previously called NH0004/NH0004C 

" 

1-9 

*V, = average forward 
voltage drop of 
diodes 01 to 04 
at20to501lA. 
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absolute maximum ratings 

Supply Voltage, Continuous ±45V 
Supply Voltage, Transi,ent (::;;0.1 sec, no load) ±60V 
Power Dissipation (See curve) 400mW 
Differential Input Voltage ., ±7V 
Input Voltage Equal. to supply 
Short Circuit Dur~tion 3 sec 
Operating Temperature Range LHOO04 -55°C to +125°C 

LHOO04C O°C to 85°C 
Storage Temperature Range -65°C t6 +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 1) 

LHOOO4 
PARAMETER CONDITIONS 

MIN TYP MAX MIN 

Input Offset Voltage Rs ~ 100r!., T A ~ 25°C, Vs ~ ±40V 0.3 1.0 
Rs ~ 100r!., Vs ~ ±40V 2.0 

Input 8ias Current TA ~ 25°C 20 100 
TA~-55°C 300 

I nput Offset Cu rrent TA ~ 25°C 3 20 
TA ~ -55°C 100 

Positive Supply Current Vs ~ ±40V, T A ~ 25°C 110 150 
Vs ~ ±40V 175 

Negative Supply Current Vs ~ ±40V, T A ~ 25°C 80 100 
Vs ~ ±40V 135 

Voltage Gain Vs ~±40V, RL ~ 100kr!.,TA~25°C 

VOUT ~ ±30V 
30 60 30 

Vs ~ ±40V, RL ~ 100kr!. 
10 10 

VOUT ~ ±30V 

Output Voltage Vs ~ ±40V, RL ~ 5kr!. ±30 ±35 ±30 

CMRR Vs ~ ±40V, Rs ~ 100r!. 70 90 70 
VIN ~ ±33V, 

PSRR Vs ~ ±40V, Rs ~ 100r!. 70 90 70 
AV ~ 20V to 40V 

Average Temperature 
Rs >( 5kr!. 4,0 

Coefficient Offset Voltage 

Average Temperature 
Coefficient of 0.4 
Offset Cu rrent 

Equivalent Input Rs ~ 1 kr!., Vs~ ±40V 
3.0 

Noise Voltage f ~ 500Hz to 5kHz, T A ~ 25°.C . 
Note 1: These specifications apply for ±5V::;;VS::;;±40V, Pin 7 grounded, with capacitors 
C1 "" 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 nOc to 85°C for the LH0004C unless otherwise specified. 

" 
• 

1-10 

, 

LHOOO4C 

TYP MAX UNITS 

0.3 1.5 mV 
3.0 mV 

30 120 nA 
300 nA 

10 45 nA 
150 nA 

110 150 flA 
175 flA 

80 100 flA 
135 flA 

60 V/mV 

V/mV 

±33 V 

90 dB 

90, dB 

4.0 flVtC 

0.4 flAtC 

3,0 flVrms 

. 



typical performance 
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Input Bias Current 
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Amplifiers 

• 

NAnONAL 

LH0005/LH0005A * operational amplifier 

general description 
The LH0005/LH0005A is a hybrid integrated cir
cuit operational amplifier employing thick film 
resistors and discrete silicon semicondu~tors in its 
design. The select matching of the input pairs of 
transistors results in low input bias currents and a 
very low input offset current, both of wh ich 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 ·2.'5°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 
• INPUT FREQUENCV' OUTPUT FREQUENCY 

COMPENSATION COMPENSATION 
• 9 

10K TOK ZK 

INPUTS 

1ZK 1ZK 

GROUND 

typical applications 
Voltage Follower 

''-

"May be lero Dr equarto the 
input resistance for minimum 
offset. 

"'To minimize crossover distortion 
at higher frequencies. May be 
omitted for low frequency 
application or selected to suit 
design requirements 

Offset BalanCing Circu it i 

"Typical v.lue. Rs '" lOOK. 
RB may be increlsed tor greatef 
sensitNity with reduction in 
range. 

'Previously called NH0005/NH0005A 

Nt 

TOP VIEW 

Order Number LH0005H or LH0005AH 
See Package 11 

External Current Limiting 

·V f = Average forward voltage drop 
of diodes 0 1 to 0 4 at approx. 
1 rnA'. 

For continuous short circuit 
protection (Vs = ±12V, 
-55"C <; T A < +100°C) 
RUM ;>son 

Integrator with Bias Current Compensation 

1·12 

*Adjust Ao fir zero integration 
drift. 



absolute maximum ratings 

Supply Voltage ±20V 
Power Dissipation (see Curve) 400 mW 
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) 

LHOOO5 LHOOO5A 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

Input Offset Voltage 
25°C Rs <; 20 kn 5 10 1 3 
-55°C, 125°C Rs <; 20 kn 10 4 

Input 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 ~ 10 H2 -10 +6 -10 +6 
25°C to 125°C RL ~ lOOn -5 +5 -5 +5 
_55°C RL ~ lOon -4 +4 -4 +4 

I nput Resistance 
25°C 1 2 1 2 

Common Mode Rejection Ratio 
25°C V1N ~ ±4V, RS ~ 20 kn 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°,(; 2 4 2 4 

Average Temperature'Coefficient 
of Input Offset Voltage 

_55°C to 125°C Rs <; 20 kn 20 10 

Output Resistance 
25~C 70 70 

Note 1: These specifications apply for pin 6 grounded, Vs = ±12V, with Resistor R1 :::; 200[2 in series 
with Capacitor C1 :::; 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10 unless 
otherwise specified. ' 
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NAll0NAL 

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 input 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 

10 

10K 10K 

12K 

OUTPUT FREQUENCY 
COMPENSATION 

2K 

12K 

7 
·OUTrUT 

L-__________ +-~~------~~v-

typical applications 
Voltage Follower 

" ~JSPf 

6 
GROUND 

~"To mInimize crossover distallion 
at higher frequencies. May be 
omitted for low frequency apjlh 
cation orseletted to SUit deslQn 
requirements 

Offset Balancing Circuit 

'50-10011, 

*Prev;ous!y called NH0005C 

"TYPical value, Rs = lOOK, 
Re may be ,ncreased for greater 
sensitivIty "with r~dllctlOn In range. 
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Amplifiers 

• Operating range: 0° to 70°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. 

NO 

TOP VIEW 

Order Number LH0005CH 
See Package 11 

External Current Limiting 

Fmcontmuousshortcircull 
protection (Vs = ±12V, 
DoC::;: TA ::;: 70°C ' 
RUM:::: 50n 

~Vf ~ AVeragE! forWilrd ~nltage d:np 
of dlode$ DI to D4 at appro. 
1 rnA 

I ntegrator With Bias Current Compensation 

r
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absolute maximum ratings 

Supply Voltage 
Power Dissipation (see Curve) 
Differential Input Voltage 
Input Voltage 
Peak Load Cwrent 
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature (soldering, 10 sec) 

±20V 
400mW 

±15V 
Equal to supply voltages 

±100 mA 
_55°C to +125°C 

O°C to 85°C 
300°C 

electrical characteristics 

PARAMETER CONDITIONS 

I nput Offset Voltage Rs S20 kn 

I nput Offset 'Current 

Input Bias Current 

Large Signal Voltage Gain RL ~ 10K, R2 ~ 3K, VOUT ~ ±5V 

Output Voltage Swing RL~10kn 

RL ~ lOOn 

Input Resistance TA ~ 25°C 

Common Mode Rejection Ratio V'N ~ ±4V, .Rs <; 20 kn,T A ~ 25°C 

. Power Supply Rejection Ratio TA = 25°C 

Supply Current (+), 

Supply Current H 

LHOO05C 

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 Capac'itor C1 ~ 75 P~ from pin 4 to ground, and C2 "" 200 pF between pins 9 and 10, over the 
temperature range of. aOc to +85°C unless otherwise specified. 

Note 2: Typical values are for 25°C only, 
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900 f--f--f-'H-+---+-+-+-+--+ 

~~: -~ 
600 

CASE 

,,~ I-HH-+~r-..-+-+-+-+4 
400 i-'H""'-+-t~-+-+-+4 

::: I-HH""'II"';:-+-+-+-++4 
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100 ~-1--+-'T" 1T-IH-+-+-+4 
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TEMPERATURE ( C) 

Maximum Power Dissipation 
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Amplifers 

NATIONAL 

LH0020/LH0020C* high gain instrumentation 
operational amplifier 

general description 
The LH0020/LH0020C is a general purpose opera~ 
tional amplifier designed to source and'sink 50 mA 
output currents. In addition to its high output 
capability, the LH0020/LH0020C exhibits excel~ 
lent open loop gain, typically in excess of 1 00 dB~ 
The parameters of the LH0020 are guaranteed 
over the temperature range of -55°C to +125°C 
and ±5V ,,;; Vs ,,;; ±22V, while those of the 
LH0020C are guaranteed over the temperature 
range of O°C to 85°C and:::: ±5V:::: Vs:::: ±18V. 
Additional features include: 

• Low offset voltage typically 1~0 mV at 25°C 
over the entire common mode voltage range. 

• Low offset current typically 10 nA at 25°C for 
the LH0020 and 30 nA for the LH0020C~ 

• Offset voltage is adjustable to zero with a single 
potent iometer. 

• ±14V, 50 mA output capability. 

Output current capability, excellent input char
acteristics, and large open loop gain make the 
LH0020/LH0020C suitable for application in a 
wide variety of applications from precision dc 
power supplies to precision medium power 
comparator. 

schematic and connection diagrams 
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TOPVIEW 

Order Number lH0020G or lH0020CG 
See Package 6 

Unity Gain Frequency Compensation 
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1-17 

'CZ 
300pF 

OUTPUT 

'RsC2~JX10-1 

r
::I: 
o 
o 
N 
o 
........ 
r
::I: 
o o 
N 
o 
(") 



o 
o 
N 
g 
:z: 
...J 
........ 
o 
N 
o 
o :z: 
...J 

\. 

" absolute maximum ratings 
Supply Voltage ±22V 
Power Dissipation 

--
1.5W 

Differential Input Voltage ±30V 

Inpur-Voltage INote 11 ±15V 

Output Short Circuit Duration Continuous 

Operating Temperature Range LH0020 -55"C to +125°C 
LH0020C O°C to 85°C 

Storage Temperature _65°C to +150"C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics 

LHOO20 LHOO20C 
PARAMETER CONDITIONS 

TEMP C c MIN TYP MAX TEMP C MIN TYP 

Input Offset Rs <:; 10k 25 1.0 2.5 25 1.0 
Voltage -55 to +125 2.0 4.0 o to 85 30 

Input Offset 25 10 50 25 30 
Current -55 to ~ 125 100 o to 85 

Input Bias 25 60 250 25 200 
Current -55 to + 125 500 01085 

Supply Current Vs "" ±15V 25 35 5.0 25 3.6 

Input Resistance 25 0.6 1.0 25 0.3 1.0 

, 
Large SIgnal V S = ± 15V, R L = 30m2, V 0 = ± 1 OV 25 100 300 25 50 150 

Voltage Gain Vs = ±15V, RL = 300S!, Vo = ±lOV -55 to"+ 125 50 01085 30 

Output Voltage Vs = ±15V, RL = 30052 25 142 145 25 14.0 14.2 
SWing -55 to +125 14 a 01085 13.5 , 

Output Short Vs :::.±15V 25 100 130 25 25 120 
Circuit Current RL = 012 

Input Voltage Vs=::t15V -5510+125 ± 12 a to 85 ±12 
Range 

Common Mode Rs <:; 10k -55 to + 125 90 96 01085 90 96 
Rejection Ratio 

Power Supply Rs <:; 10k -55 10 + 125 90 96 o to 85 90 96 
Rejection Ratio 

Note 1: For s\lpply voltages less than ±15V, the absolute maxirnum input voltage is equal to the 
supply voltage. , 

Npte 2: These specifications apply for ±S'V S Vs S ±22V for the LH0020, ±5V S Vs S ±18V for 
the LH0020C, pin 9grouhded, and a 5000 pF capacitor between pins 2 and 3, unless otherwise specified. 

, 
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MAX 
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~ Amplifiers 

NATIONAL 

LH00211LH0021C 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 approaGhing the available power supplies. 
I n 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 current 1.0 Amp (LH0021) 
0.2 Amp (LH0041) 

• Outputvoltageswing ±12Vintol0Sl(LH0021) 
±14V into 100Sl (LH0041) 

• Wide full power bandwidth 

• Low standby power 

• Low input offset 
voltage and current 

15 kHz 

100mWat±15V 

1 mV and 20 nA 

• High slew rate 

• High open loop gain 
3.0V Ills 

100 dB 

The excellent input characteristics and high out
put capability of the LH0021 make it an ideal 
choice for power applications such as DC servos, 
capstan drivers, deflection yoke drivers, and pro
grammable power ,supplies .. 

The LH0041 is particularly suite,d for applications 
such as torque driver for internal guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, and programmable power suppl ies 
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 
LH0021 C and LH0041 C are guaranteed from -25°C 
to +85 u C 

schematic and connection diagrams 

TO-3 Package 

Order Number 
LH0021K or LH0021CK 

See Package 14 

TO-S Package 

Order Number 
LH0041G or LH0041CG 

See Package 6 
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*Rsc external on TO-S and TO-3 packages. Rsc internal 1)0 "J" package. 
Offset Null connections available only on TO-8 "G" package. 

Ceramic DIP 

~
.'"'''' v- INPUT 

Nt 2 1 1~~iJT 

GNO 3 ,6 OUTPUT 

v+ 4 5 COMP 

Order Number 
LH0041CJ 

See Package 12 
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absolute maximum ratings 

Supply Voltage ±18V 
Power Dissipation See curves 
Differential Input Voltage ±30V 
Input Voltage (Note 1) ±15V 
Peak Output Current (Note 2) LH0021/LH0021C 2.0 Amps 

LH0041/LH0041C 0.5 Amps 
Output Short Circuit Duration (Note 3) Continuous 
Operating Temperature Range LH0021/LH0041 -55°C to +125°C 

LHOO~lC/LH0041C _25°C to +85°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

dc electrical characteristics for LH0021/LH0021C (Note 4) 

LIMITS 

PARAMETER CONDITIONS lHOO21 LHOO21C UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Rs <10kU,Tc =25°C 1.0 3.0 3.0 60 mV 
Rs 'S::10kn 50 75 mV 

Voltage Drift with Temperature Rs <lOkn 3 25 5 30 J.lV/'C 

Offset Voltage Drift with Time 5 5 p-V/week 

Offset Voltage Change With Output Power 5 15 5 20 p.V/watt 

Input Offset Curr€!nt Tc '" 25Q C 30 100 50 200 nA 
300 500 nA 

Offset Current Drift with Temperature 0.1 1.0 0.2 1.0 nAte 
Offset Current Drift with Time 2 2 nA/week 

Input Bias Current T c = 25°C 100 300 200 500 nA 
10 1.0 pA 

Input Resistance Tc = 25°C 0.3 1.0 0.3 1.0 Mn 

I nput Capacitance 3 3 pF 

Common Mode Rejection RatiO RsSJO ld2,l>.V cM "" !.lOV 70 90 70 90 dB 

Input Voltage Range Vs =±15V i12 ± 12 V 

Power Supply Rejection RatiO As <;: 10 kil, 6.V s =- ±lIJV BO 96 70 90 dB 

Voltage Gam Vs = -+:15V, Vo = ±10V 

RL'" 1 kU,Tc = 25"C, 100 200 100 200 Vim V 

Vs = ±15V, Vo '" ±10V 
RL'= 100n. 25 20 VimV 

Output Voltage Swing Vs '" ±15V, RL '" lOOn ±13.5 14 '13 q4 V 

Vs'" ±15V, RL '" lon, Te''"' 25°C ± 11.0 ±12 ± 10 ±12 V 

Output Short Circuit Current Vs'" ±15V, T c = 25()C,Rsc '" O.5H 0.8 1.2 1.6 O.B 1.2 1.6 Amps 

Power Supply Current Vs -,- ±15V. V OUT '" 0 2.5 3.5 3.0 4.0 mA 

Power Consumption Vi; '" :t15V, V OUT = 0 75 105 90· 120 mW 

ac electrical characteristics for LH0021/LH0021C (TA = 25°C, Vs = ±15V, Cc = 3000 pF) 

Slew Rate Av '" +1. RL '" 100n 1.5 3.0 1.0 3.0 V//Js 

Power Banpwidth RLe; lOOn 40 40 kHz 

Small Signal Transient Response 0.3 1.0 0.3 15 P' 

Small Signal Overshoot 5 20 10 30 % 

Settling Time (0.1%) 6.V 1N = 10V, Av '" +1 4 4 P' 

Overload Recovery Time 3 3 P' 

Harmonic Distortion f'" l' kHz, Po == O.5W 0.2 0.2 % 

Input Noise Voltage As'" son, B.W. == 10 Hz to 10 kHz 5 5 J.1V/rms 

Input Noise Current B.W. == 10 Hz to 10 kHz 0.05 0.05 nA/rms 
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dc electrical characteristics for LH0041/LH0041C (Note 4) 

LIMITS 
PARAMETER CONDITIONS LHOO41 LH0041C UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage As s: 10 kSl, T A" 25"C 1.0 3.0 3.0 6.0 mV 
Rs < 10 kSl 5.0 7.5 mV 

Voltage Drift with Temperature Rs >; 10 k~l 3 5 Jivtc 
Offset Voltage Drift with Time 5 5 p,V/week 

Offset Voltage Change with Output Power 15 15 p.V/watt 

Offset Voltage Adjustment Range (Note 5) 20 20 mV 

Input Offset Current' TA=2S"C 30 100 50 200 nA 
300 500 nA 

Offset Current Drift with Temperature 01 1.0 0.2 1.0 nAte 
Offset Current Drift with Time 2 2 nA/week 

Input Bias Current TA = 25"C 100 300 200 500 nA 
10 1·.0 "A 

1 nput ReSistance TA=2S"C 0.3 1.0 0.3 1.0 M!1 

I nput Capacitance 3 3 pF 

Common Mode Rejection Ratio As s:: 10 kH, 6VCM = ±IDV 70 90 70 90 dB 

, Input Voltage Range Vs =±15V il2 :t12 V 

Power Supply Rejection Ratio Rs s: 10 kU, 6Vs '" ±10V 80 96 70 90 dB 

Voltage Gain Vs" ±15V, Vo" ±lOV 
RL ", 1 kQ, T A'" 2SoC 100 200 100 200 V/mV 

Vs'" ±15V, Vo '" :!:.10V 

AL'" lOOn 25 20 V/mV 

Output Voltage SWing Vs'" ±15V, AL '" lOOn i 13 a 14.0 ±13.0 ±14.0 V 

Output Short Circuit Current Vs'" ±15V, TA 25'C 200 300 200 300 mA 
(Note 6) 

Power Supply Current Vs '" ±15V, V OUT '" 0 25 35 3.0 4.0 mA 

Power Consumption Vs'" ±15V, V OUT '" 0 75 105 90 120 mW 

ac electrical cha racteristics for LH0041/LH0041C (T A ~ 25°C, Vs ~ ±15V, Cc ~ 3000 pF) 

Slew Rate Av '" +1, RL '" lOOn 1.5 3.0 1.0 30 

Power B~ndwidth RL = lOOn 40 40 

Small Signal Transient Response 0.3 1.0 03 1.5 

Small Signal Overshoot 5 20 10 30 

Settling Time (0.1%) b,V IN '" 10V, Av '" +1 4 4 

Overload Recovery Time 3 3 

HarmOniC Distortion f'" 1 kHz, Po '" O.5W 0.2 02 

Input Noise Voltage Rs '" 50!"!, B.W. '" 10 Hz to 10 kHz 5' 5 

Input Noise Current B.W. = 10 Hz to 10 kHz 0.05 ' 0.05 

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 LH0041G and LH0021K WIth RSC ~ on. 
Note 3: Rating applies as long as package power rating is not exceeded. 

V//ls 

kHz 

"' 
% 

"' ", 
% 

jJ.V/rms 

nA/rrns 

Note 4: Specifications apply for ±5V .$ Vs ± lSV, and _55' C .$ T C ~ <: 125'C for LH0021 K and LH0041 G, and _25°C <: 
TC ~ +85°C for LH0021CK, LH0041CG and LH0041CJ unless otherwise specified. Typical values are for 25'-'C only. 

Note 5: TO-S "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 (con't) 
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typical applications 

Programmable One Amp Power Supply 10 WATT (rm,) Audio Amplifier 
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typical applications (COn't) 

.16TO.J6V<>-<~--""---, 

Dual Tracki'ng One Amp Power Supply 

"fwo Way Intercom 

Power Comparator 

1-24 

"' lohm ,. 

CRT Deflection Yoke Driver 

Rl R3 
lIT R.f 

'---"',"', .r--..... -<> lour ~ ~ ( ~ ) 

" 

Programmable High Current Source/Sink 

DC Servo Amplifier 



auxiliary circuits 

LH0021 Unity Gain Circuit with 
Short Circuit Limiting 

LH0041/LHOO21 Offset Voltage Null Circuit 
(LH0041CJ Pin Connections Shown)* 

LH0041 G Unity Gain with 
Short Circuit Limiting 

LH0041G Offset Voltage Null Circuit'" 

-IV"VOlJT "V·.!V 

Operation from Single Supplies 

Operation from Non-Symmetrical Supplies 

*For additional offset null circuit techniques see National Linear Applications Handbook. 
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~ Amplifiers 
NATIONAL 

LH0022/LH0022C· 
LH0042/LH0042C 
LH0052/LH0052C 

high performance FET op amp 
low cost FET op amp 
precision FET op amp 

general description 
The LH0022/LH0042/LH0052 are a family of 
FET input operatfonal 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 200 microvolts maxi
mum offset and 5 IlV /"C offset drift. I nput offset 
current is less thaI' 500 femtoamps at room tem
perature and 100 pA maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable matching 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 specified for operation over the 
-25°C to +85°C temperature range. 

features 
• Low input offset current-500 femtoamps max. 

(LH0052) . 

schematic and connection diagrams 
Dual-In-line Package 

"" ".e 
<kltl"', "",',,"'.VI"' •• ,"' 'OPu' 

.. , 11 Nt 

v I -. 10 ~~~:H 

o,~~~: 6 • It 

Ne, .our'u, 

• Low input offset drift- 51lV i"c max (LH0052) 

• Low input offset voltage,~ 100 microvolts-typ. 

• High open loop gai n - 100 dB typo 

• Excellent slew rate - 3.0 V /IlS typo 

• Internal 6 dB/octave frequency compensation 

• Pin compatible with standard IC op amps (TO-5 
package) 

The LH0022/LHD042/LH0052 family of IC op 
amps are intended to fulfill a wide variety of appli-. 
cations for process control, medical in'strumenta
tion, and other systems requiring very low input 
currents and tightly matched input . offsets. The 
LH0052 is particularly suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer ampl ifiers. 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. 

Metal Can Package 

"' 

,,:::s··· .. 
'."~:~~~' 1 : ; O"'~"T 

NOO I~"""'") , 0""'"." ""UJ • "'m""' 
Order Number LH0022D or 
LH0022CD or LH0042D or 
LHOO42CD or LH0052D or 

Order Number LH0022H or LH0022CH or 
LH0042H or LH0042CH or LH0052H or 

LH0052CH 

LH0052CD 
See Package 1 

'''".~---+-, 

'Previousl Called NH0022/NH0022C 

See Package 9 
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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- ±0.5V 
Short Circuit Duration Continuous 
Operating Temperature Range 

LH0022, LH0042, LH0052 -55°C to +125°C 
LH0022C, LH0042C, LHOO52C _25°C to +85°C 

Storage Temperature Range _65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

dc electrical characteristics For LH0022/LH0022C (Note 3) 

LIMITS 

PARAMETER CONDITIONS lHOO22 lHOO22C 

MIN TYP MAX MIN TYP MAX 

InpmOffset Voltage As <: 100 kH, T A" 25"C, 20 4.0 3.5 6.0 
Vs '" ±15V 

Rs';; 100 k.l1, Vs -= ±15V 
5.0 70 

Temperature CoeffiCient of Rs s: 100 kU 5 10 5 15 
Input Offset Voltage 

Offset Voltage Drift with Time 3 4 

Input Offset Current TA =' 25°C 0.2 2.0 10 50 

2.0 0.5 

Temperature CoeffiCient of Doublps every 1Qoe Doubles every 10°C 

Input Offset Current 

Offset Current Dnft with Time 0.1 01 

Input Bias Current T A" 25°C 5 10 10 25 

10 25 

Temperature Coefficient of Doubles every lOoe Doubles every lOoe 
Input 8,as Current 

Differential Input ReSistance 1012 10'2 

Common Mode Input ReSistance 10 '2 1012 

Input Capacitance 40 40 

Input Voltage Range Vs '" ±15V ±12 1135 ±12 ±13.5 

Common Mode Rejection RatiO Rs:S:. 10 kn, V IN '" i"lOV 80 90 70 90 

Supply Voltage Rejection RatiO Rs:S:. 10 kn, ±5V:S:. Vs:S:. ±15V BO 90 70 90 

Large SIgnal Voltage Gam RL '" 2 kn, V OUT '" ±10V, 100 200 75 160 

T A '" 25"C, Vs '" ±15V 

RL '" 2 kn, V OUT '" ±10V. 50 50 
Vs" ±15V 

Output Voltage SWing RL'" 1 H2, TA '" 25°C, ±1O ±12.5 ±10 ±12 

Vs'" ±15V 

RL '" 2 kn, Vs '" ±15V ±1O 110 

Output Current Swmg V OUT = ±10V, T A" 25°C ±1O ±15 ±10 ±15 

Output ReSistance 75 75 

Output Short Circuit Current 25 25 

Supply Current Vs'" ±15V 2.0 2.5 2.4 2B 

Power Consumption Vs'" ±15V 75 B5 

'-27 

UNITS 

mV 

mV 

pvtc 

!lV/week 

pA 

oA 

pA/week 

pA 

oA 

n 

n 

pF 

V 

dB 

dB 

V/mV 

V/mV 

V 

V 

mA 

n 

mA 

mA 

mW 
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dc electrical characteristics for LH0042/LH0042C 

(T A ~ 25°C, Vs ~ ±15V; unless otherwise specified) 

LIMITS 

PARAMETER CONDITIONS LH0042 lH0042C 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage 

TemperOlture Coefficient of 
Input Offset Voltage 

Offset Voltage Drift with Time 

Input Offset Current 

Temperature Coefficient of 

Input Offset Current 

Offset Current Drift with Time 

Input Bias Current 

Temperature Coefficient of 
Input Bias Current 

Differential Input Resistance 

Common Mode Input Resistance 

Input Capacitance 

Input Voltage Range 

AsS 100kH 

Rs<;100kS"l 

Common Mode RejectIOn Ratio Rs':;: 10 kn. VIN " ±10V 

Supply Volt<lge Rejection R<ltio Rs S 10 kn, t5V « Vs":;: :':15V 

large Signal Voltage Gain RL" 1 kn, VOUT = ±10V 

Output Voltage Swing 

Output Current Swing 

Output ReSistance 

Output Short CirCUit Current 

Supply Current 

Power Consumption 

R:" 1 kn 

VOUT '" ±10V 

5.0 20 

Doubles every lOvC 

I 0.1 I 
10 25 

Doubles every 10°C 

c12 

70 

70 

50 

-1:10 

±1O 

4.0 

;>;13.5 

86 

86 

150 

±12.5 

.U5 

75 

20 

2.5 3.5 

105 

6.0 

10 

10 

20 

10 

Doubles every lO'"'C 

I 0.1 I 
15 50 

Doubles every 10"C 

±12 

70 

70 

25 

t10 

±TO 

40 

±13.5 

80 

80 

100 

±12 

.t15 

75 

20 

2.8 4.0 

120 

dc electrical characteristics For LH0052/LH0052C (Note 3) 

LIMITS 

PARAMETER CONDITIONS LHOO52 LHOO52C 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage 

Temperature CoeffiCient of 
Input Offset Voltage 

Offset Voltage Drift with Time 

Input Olfset Current 

Rs< lOOkE:Vs= +15V. 
TA ~ 25 C 

Rs<lOOkU,Vs '" '15V 

RS -,s;; 100kH, Vs = 115V 

01 

0.01 

05 

10 

0.5 

100 

Temperature CoeffiCient of 
Input Offset Current 

Doubles every lOoC 

Ofhet Current Drift With Time 

'Input Bias Current TA '" 25 C 

<0.1 

05 2.5 

2.5 

Temperature CoeffiCient of 
Input BlasCurrent 

Doubles every 1Q°C 

Differential Input ReSistance 

Common Mode Input ReSistance 

Input CapaCitance 4.0 

Input Voltage Range q2 +13.5 

Common Mode Rejection RaIla R~'-; 10 kSi, VIN eo '.lOV 80 90 

Supply Voltage RejectIOn RatiO Rs -s:: 10 kr.!, ±5V < Vs <: rt5V 80 90 

large Signal Voltage Gam RL = 2 k~l, VOUT '" ±10V, 100 200 

Vs'" ±15V, TA '" 25'C 

Output Voltage Swing 

Output Current Swmg 

Output ReSistance 

Output Short CirCUit Current 

Supply Current 

Power Consumption 

RL =' 2 kn, VOUT '" -!;lOV, 

Vs" !lSV 

RL ~ 1 kn, TA '" 25"C 
Vs = ±15V 

RL ",2kn,Vs =±15V 

VOUT eo :!-10V, TA = 2SoC 

Vs'= ±15V 

Vs'" ::'::15V 

1-28. 

50 

.! 10 -1:125 

:!e10 

±10 c'-l5 

75 

25 

3.0 3.5 

105 

0.2 

0.02 

1.0 

1.5 

10 

1.0 

100 

Doubles every 10"C 

<01 

1.0 5.0 

0.5 

Doubles every 10° C 

4.0 

±12 .tt3.5 

16 90 

76 90 

75 160 

50 

±10 -1:12 

-':10 

±1O ±15 

75 

25 

3.0 3.B 

114 

UNITS 

mV 

p-V/'C 

, Jj.V/week 

pA 

pA/week 

pA 

n 

" pF 

dB 

dB 

V/mV 

mA 

n 
mA 

mA 

mW 

UNITS 

mV 

mV 

p-V(C 

I1V/week 

pA 

pA 

pAlweek 

pA 

oA 

n 
n 

pF 

dB 

dB 

V/mV 

V/mV 

v 

v 

mA 

mA 

mA 

mW 



ac electrical cha racteristics For all amplifiers (T A ~ 25°C, Vs = ±15V) 

LIMITS 

PARAMETER CONDITIONS lHOO22/42/52 lHOO22C/42C/52C 

MIN TYP MAX MIN TYP MAX 

Slew 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 1.5 

Overshoot 10 30 15 40 

Settling Time (0.1 %) !WIN"" IOV 4.5 4.5 

Overload Recovery 4.0 4.0 

Input Noise Voltage As = 10 kU, fo = 10 Hz 150 150 

Input Noise Voltage As" 10 k~2, to'" 100 Hz 55 55 

Input Noise Voltage As = 10 kH, fo '" 1 kHz 35 35 

Input Noise Voltage Rs'" 10 kiL, f o " 10 kHz 30 30 

Input Noise Voltage BW'" 10 Hz to 10 kHz, Rs'" lQkn 12 12 

Input NOise Current BW" 10 Hz to 10 kHz <'1 <.1 

Note 1: For supply voltages less than .±.15V, 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 specifications apply for ±5V ~ VS:s;. .±.20V and -55°C:s;. TA:s;. ±125°C for the 
LH0022, LH0042 and LH0052 and -25"C < T A +85-'C for the LH0022C, LH0042C and LH0052C. Typical values are given for 
TA =2Sc C -

auxiliary. circuits (shown for TO-5 pin out) 
V· 

V· 

OUTPUT 

UNITS 

V/j.1s 

kHz 

MHz 

"' % 

"' 
"' nV/y'HZ 

nV/y'i'h 

nV/y'i'h 

nV/y'i'h 

,uVrms 

pArms 

OUTPUT 

Offset Null 

typical applications 
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TTl SAMPC~£~;~~~ o-<H'--r--. 

L 

Nllte All diodes are ultra low leakage 

Protecting Inputs From ± 150V Transients 

OUTPUT 

L----..... -~ ..... -oV-

Boosting Output Drive to ± 100 mA 

"' '" 

" 001 ~F 
T'OlYSTYflEN£ 

" IN"_ 

>,'-'IIVV--1~ ~~~'UT 
" INti_ 

Alternate Low Drift Sample Precision Voltage Comparator 
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typical applications (con't) 

-'-'"-

Picoamp Amplifier for pH Meters 

and Radiation Detectors 

." " 
'" " 

Sensitive low Cost "VTVM" 

, . . " 

True Instrumentation Amplifier 

I 
A':~~: til 

r--- J I. 
SA"'LEIKOlO~.J 

fr--"-: ... : I ":' ,- __ ~I2.. __ J 
*P1llystyrenedielectric. 

Precision Sample and Hold 

1-3G ' 

In-llpf 

"'u,'10.1.,~,- •• ,d 

Precision Subtractor for 
Automatic Test Gear 

v, ~ 1 12V 

, 
." 

Ultra Low Level Current Source 

"H,"""",;;i~"r -,- - - .. ,,;;- --- -'I 
CONTIIOl - - - - -" 

• : I 
I ' I I 

~ -- -~T-~- I lG 8 II ,. 

r
I 

-=- 114 .. , 

" IItP~~ 0-"'1''''''''' ..... """'"..., 

ilillTlAl 
COJiDITI~~ O----'\NYo""1 

Precision Integrator 

I I 

FIE ZERO COMM::~ <>-+D-[>-.J 
L_'~D~~...J 

VOUT"~f-v,."V. 

" .. '" 

C1-0.01 f.lF polystyrene. 

Re-Zeroing Amplifier 



typical performance characteristics 
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typical performance characteristics (con't) 
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~ Amplifiers 
NAll0NAL 

LH0024/LH0024C high slew rate operational amplifier 

general description 

The LH00241 LH0024C is a very wide bandwidth, 
high slew rate operational amplifier intended to 
fulfill a wide variety 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 50 MHz making it possible 
to use in video applications requiring higher gain 
accuracy than is usually associated with such 
amplifiers. 

features 
• Very high slew rate - 500 V//1s at Av +1 

• Wide small signal bandwidth - 70 MHz 

• Wide large signal bandwidth - 15 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 
including active filters, oscillators, and compara
tors as well as many high speed general purpose 
applications. 

The LH0024 is guaranteed over the temperature 
range -55°C to +125°C, whereas the LH0024C 
is guaranteed _25°C to +85°C. 

schematic and connection diagrams 

CIlMPINULL . 

typical applications 

TTL Compatible Comparator 

" " 

Offset Null 

Metal Can Package 

Note: For heat sink u~e 

Thermallov 2230-5 series. 

Order Number LH0024H or LH0024CH 
See Package 9 

Video Amplifier 
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absplute maximum ratings 

Supply Voltage 
Input Voltage 
Differential Input Voltage 
Power Dissipation 
Operating Temperature Range 

Storage Temperature Range 

LH0024 
LH0024C 

Lead Tem!'erature (Soldering, 10 sec) 

±18V 
Equal to Supply 

±5V 
600mW 

-55°C to +125°C 
_25°C to +85°C 

_65°C to +150°C 
300°C 

dc electrical characteristics (Note 1) 

LH0024 
PARAMETER CONDITIONS 

MIN TYP 

Input Offset Voltage Rs = 50S?, T A = 25°C 2.0 
Rs = 50S? 

Average Temperature Vs = ±15V, Rs = 50S? -20 
Coefficient of Input ._55° C to 125° C 
Offset Voltage 

Input Offset Current T A = 25°C 2.0 

Input Bias Current T A = 25°C 15 

Supply Current 12.5 

Large Signal Voltage Vs = ±15V, RL = lk, T A = 25°C 4 5 
Gain Vs = ±l5V, RL = 1k 3 

Input Voltage Range Vs =±15V ±12 ±13 

Output Voltage Vs = ±15V, RL = 1k, T A = 25°C ±12 ±13 
Swing Vs = ±15V, RL = 1k ±10 

Slew Rate Vs = ±15V, RL = 1k, 400 500 
C, = C2 = 30 pF 
Av = f1, T A = 25°C 

Common Mode Vs = ±15V, 6V ,N = ±10V 60 
Rejection Ratio Rs = 50S? 

Power Supply ±5V:<:::Vs :<:::±18V 60 
Rejection Ratio Rs = 50S? 

LH0024C 
UNITS 

MAX MIN TYP MAX 

4.0 5.0 8.0 mV 
6.0 10.0 mV 

-25 J.lvtc 

5.0 4.0 15.0 J.lA 
10.0 20.0 J.lA 

30 18 40 J.lA 
40 50 J.lA 

13.5 12.5 13.5 mA 

3 4 V/mV 
2.5 V/mV 

±12 ±13 V 

±10 ±13 V 
±10 V 

250 400 V/J.ls 

60 dB 

60 dB 

No'. 1: These specifications apply for Vs = ± 15V and _55°C to +125°C for the LH0024 and _25°C to +85°C for the LH0024C. , 
frequency compensation 

TABLE I Frequency Compensation Circuit 

CLOSED c, C2 C3 
LOOP GAIN 

100 0 0 0 

20 0 0 0 

10 0 20 pF 1 pF 

1 30.pF 30 pF 3 pF , , 

r'--_-oounUT 

3 + 
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typical performance characteristics 
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applica,tions information 
1, Layout Considerations 

The LH0024/LH0024C,like most high speed cir
cuitry, is sensitive to layout and stray capacitance, 
Power supplies should be by-passed as near the 
device as is practicable with at least -.01 j,LF disc 
type capacitors. Compensating capacitors should 
also be placed as close to device as possible, 

2. Compensation Recommendations 

Compensation schemes recommended in Table 1 
work well under typical conditions_. However, poor 
layout and long lead lengths can degrade the per
formance of the LH0024 or cause the device to 
oscillate, Slight adjustments in the valoes for 
C1, C2, and· C3 may be necessary for a given 
layout. In particular, when operating at a gain of 

1-35 
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-1, C3 may require adjustment in order to per
fectly cancel the input capacita,"!ce of the device, 

When operating the LH0024/LH0024C at a gain 
of +1, the value of R 1 should be at least 1 K ohm. 

The case of the LH0024 is electrically .isolated from 
the circu it; hence, it may be advantageous to drive 
the case in order to minimize stray capacitances. 

" 3. Heat Sinking 

The LH0024/LH0024C is specified for operation 
without the use of an explicit heat sink, However, 
internal power dissipation does cause a significant 
temperature rise. Improved offset voltage drift 
can be obtained by limiting the temperature rise 
with a clip-on heat sink such as the Thermalloy 
22288 or equ iva lent, 
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~. Amplifiers 

I'<fAlIONAL 

LH0032/LH0032C ultra- f~st FEToperational amplifier 

general description 
Tl1e LH0032/LH0032C is a high slew rate, high 
input impedance differential operational amplifier 
suitable for diverse application in fast signal handl
,irig. The high allowable differential input voltage, 
'ease of output clamping, and high output. drive 
capability particularly suit it for comparator appli
cations. It may be used in applications normally 
reserved for' video' amplifiers allowing the use of 
operational gain setting and frequency response 
shaping, into the megahertz region. 

,features 

• High slew rate 
• High bandwidth 
• High input impedance 

500 V//Js 
70 MHz 

10'2n 

• Low input bias current 20 pA max 

• Offset null with single pot 

• Low input offSet voltage 2mV max 

• No compensation for gains above 50 

\ . , . 
The LHOO32's wide bandwidth, hign input imped-
ance and high output capacity make it an ideal 
choice for applications such-as summing amplifiers' 
in high speed 0 to A's, buffers in data acquisition 
systems, and sample and hold circu its. Additional 
applications include high' speed integrators and 
video amplifiers. The LH0032 is guaranteed over 
tne temperature range -55°C to +125°C, arid' the 
LH0032C is guaranteed from -25°C to +85°C. 

schematic and connection diagrams 

""::;:;':~!o!---+-+--t-"'[ 

ND"I~~~ o!-' __ -+_--' 

typical applications 

1 MHz Function Generator 

Meta' Can Package 

OUTPUT 
toMf'EflSAflON 

'~"¥IEW 
Note: For'lIeac sink use tflinnalloy 
2248 series or W.tefi,ld 215·XX series. 

Order Number LHoO;a2G or LHo032CG 
See Package 6 
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absolute maximum ratings 

Supply Voltage 
Input Voltage 
Differential I nput Voltage 
Power Dissipation 
Operating Temperature Range LH0032 

LH0032C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

±18V 
±Vs 

±30V 
See curve 

-55°C to +125c C 
-25°C to +85°C 

_65° C to + 150"C 
300°C 

dc electrical characteristics (Note 1) 

PARAMETER CONDITIONS 
MIN 

Input Offset Voltage TA "" 25"C 

Average Offset Voltage Drift 

Input Bias Current T A::: 2SOC 

Input Offset Current TA = 25=C 

Large Signal Voltage Gain YOUT"' :!C10V, f '" 1 kHz, RL "" 1 kn, 60 
TA '" 25°C 

VO UT",.:±.10V,fo;lkHz,R L "'lkn 57 

Input Voltage Range ±10 

Output Voltage SWing RL - 1 kn ±10 

Power Supply Rejection Ratio LlVs =±10V 50 

Common Mode Rejection Ratio LlV'N = 10V 50 

Supply Current T A = 2SOC 

ac electrical characteristics (Note 2) 

PARAMETER 

Slew Rate 

Settling Time to 1% of Final Value 

Settling Time to 0.1% of Final Value 

Small Signal Rise Time 

Small Signal Delay Time 

CONDITIONS 

Av ~ +1, 6.V'N ~ 20V 

Av ~ -1, 6.V'N ~ 20V 

Av ~ -1, 6.V'N ~ 20V 

Av ~ +1, 6.V'N ~ lV 

Av ~ +1, 6.V'N ~ lV 

LHOO32 
TYP 

2 

25 

10 

5 

70 

±12 

±13.5 

60 

60 

18 

MIN 

350 

MAX 

5 

10 

100 

50 

25 

25 

20 

MIN 

, 

60 

57 

±10 

+10 

50 

50 

TYP 

500 

100 

300 

8 

10 

LHOO32C 
TYP ~AX 

5 15 

20 

25 

25 200 

15.0 

10 50 

5 

70 

±12 

±13 

60 

60 

20 22 

MAX 

20 

25 

UNITS 

mV 

mV 

pvtc 

pA 

nA 

pA 

nA 

dB 

dB 

V 

V 

dB 

dB 

rnA 

UNITS 

V//1s 

ns 

ns 

ns 

ns 

Note 1: These specifications apply at Vs ~ ±15V and over _55°C to +125°C for the LH0032 and _25°C to +85°C for the 
LH0032C, unl"ess otherwise specified. 

Note 2: These specifications apply for Vs = ±15V, RL = 1 kfl and TA = 25°C. 
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typical performance characteristics 
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auxiliary circuits 

Offset Null 

V' 

INPUTS { OUTPUT 

V' 

typical applications (con't) 

Unity Gain Amplifier 

V· 

2k 

11 
OUTPUT 

I 
llOo" 
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100X Buffer Amplifier 
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INPUT 

10K 

'00 V-

OU,tput Short Circuit Protection 
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lOX Buffer Amplifier 
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INPUT 

OUTPUT 
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Non-Compensated Unity Gain Inverter 
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typical applications (con't) 

High Speed Sample and Hold 

OUTPUT 

"Use polystyrelle dielectric for minimum drift, 

Current Mode MUltiplexer 

applications information 

Power Supply Decoupling 

The LH0032/LH0032C like most high speed cir
cuits is sensitive to layout and stray capacitance. 
Power supplies should be by·passed as near to 
Pins 10 and 12 as practicable with low inductance 
capacitors such as 0.01 IlF disc ceramics. Compen· 
sation components should also be located close to 
the appropriate pins to minimize stray reactances. 

I nput Capacitance 

The input capacitance.to the LH0032/LH0032C is 
typically 5 pF and thus may form a significant 
time constant with high value resistors. For opti· 
mum performance, the input capacitance to the 
inverting input should be compensated by a small 
capacitor across the feedback resistor. The value 
is strongly dependent on layout and closed loop 
gain, but will typically be in the neighborhood of 
several picofarads. 

1-40 

J.BpF 

In . the non-inverting configuration, it may be 
advantageous to bootstrap the case and/or a guard 
conductor to the inverting input. This serves both 
to divert leakage ell rrents away from the non
inverting input and to reduce the effective input 
capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

Heat Sinking 

While the LH0032/LH0032C is specified for ope.ra
tion without any explicithead 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 head sink such as the Thermalloy No. 2241 
or equivalent. The case of the device has no inter
nal connection, so it may 6e electrically connected 
to the sink if this is advantageous. Be aware, how
ever, that th is will affect the stray capacitances 
to all pins and may thus require adjustment of 
circuit compensation values. . 



~ Amplifiers 

NATlONAL 

LH0036/LH0036C 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 Mn input 
impedance and excellent 100 dB common mode 
rejection ratio. It is packaged in a hermetic TO·8 
package. Gain is programmable 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 specified 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 output bandwidth 

• Guard drive output 

equivalent circuit and connection diagrams 
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GAIN 
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INVERTING 
INPUT 

TO-S Metal Can Package 
GUARD DRIVE 

OUTPUT 

CMRR 
TRIM 

TOP VIEW 

OUTPUT 

Order Number LH0036 or LH0036C 
See Package 6 
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CMRR 
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absolute maximum ratings 
Supply Voltage ±18V Short Circuit Duration Cqntinuous 
Differential Input Voltage ±30V Operating Temperature Range 
Input Voltage Range ±Vs LH0036 -55°C to +125°C 
Shield Drive Voltage ±Vs LH0036C -2poC to_ 4-85°C 
CMRR Preset Vqltage ±Vs Storage Temperature Range -65°C to +150°C 
CMRR Trim Voltage ±Vs Lead Temperature, Soldering 10 seconds 300°C 
Power Dissipation (Note 3) 1.5W 

electrical characteristics . (Notes 1 and 2) 

LIMITS 

PARAMETER CONDITIONS LH0036 LH0036C UNITS 

MIN TYP MAX MIN TYP MAX 

Inp~t Offset Voltage Rs "" 1.0kD, T A "" 25°C 0.5 1.0 1.0 2.0 mV 
(v;os) Rs "·LOUl 2.0 3.0 mV 

Output Offset Voltage Rs " LOUl, T A " 25°C 2.0 5.0 5.0 10 mV 
(Voas ) Rs " LOkll 6.0 12 niV 

Input Offset Voltage Rs <; LOkll 10 10 ~vtc 
Tempco (AV,os/AT) 

Output Offset Voltage 15 15 J.1vtc 
Tempco (AVoos/AT) 

Overall Offset Referred Av '" 1.0 2.5 6.0 mV 
to Input (Vas) Av = 10 0.7 1.5 mV 

Av " 100 0.52 1.05 mV 
Av" 1000 0.502 1.005 mV 

Input Bias Current ,TA =25°C 40 100 50 125 nA 
(IBI 150 200 nA 

Input Offset Current TA = 25D C , 10 40 20 50 nA 
(Iosl 80 100 nA 

Small Signal Bandwidth Av:;: 1.0, RL ::: 10kn 350 350 kHz 
Av" 10, RL " 10kll 35 35 kHz 
Av"" 100, AL :::: lOkD 3.5 3.5 kHz 
Av = 1000, RL '" lOH2 350 350 Hz 

Full Power Bandwidth VIN = ±lOV, RL = 10k, 5.0 5.0 kHz 
Av::: 1 

Input Voltage Range Differential ±10 ±12 ±10 ±12 V 
Common Mode ±10 ±12 ±1O ±12 V 

Gain Nonlinearity 0.03 0.D3 % 

Deviation From Gain Av.= 1 to 1000 ±0.3 ±1.0 ±1.0 ±3.0 % 
Equation Formt1la 

PSRR ±5.0V 5:Vs ::;±15V, 1.0 2.5 1.0 5.0 mV/v 
Av::: 1.0 
±5.0V S; Vs :$±15V, 0.05 0.25 0.10 0.50 mV/V 
Av" 100 

CMRR Av = 1.0 Deto 1.0 2.5 2.5 5.0 mV/V 
Av "10 100 Hz 0.1 0.25 0.25 0.50 mV/V 
Av :::: 100 A. Rs=1.0k 50 100 50 100 ~V/V 

Outpu t Voltage Vs = ±15V, Rl = lOH2, ±10 ±13.5 ±1O ±13.5 V 
Vs = ±1.5V, RL :::: 100krl ±0.6 to.8 ±0.6 to.8 V 

Output Resistance 0.5 0.5 Il 

Supply Current 300 400 400 600 ~A 

I Equivalent I nput Noise 20 20 ~V/p·p 
Voltage 

Slew Rate ,:\V 1N :;: ±lOV, 0.3 0.3 V/~s 
RL" 10kll, Av " 1.0 

Settling Time To ±10 mY, RL '" 10kn, 
tiVOUT = 1.0V 

Av:;: 1.0 3.8 3:8 ~s 

A v ""-100 180 180 ~s 

Note 1: Unless otherwise specified, all specifications apply for Vs = ±15V ,'pins 1,3, and 9 grqunded, _25° C to +85°C for the 
LH0036C and -55°C to +125°C for the LHOO36. 

Note 2: All typical values are for T A = 25°C. 
Note 3: The maximum junction. temperature is 150°C. For operation at elevated temperature derate the G package on a 
thermal resistance of gOoe/w, above 2SoC. 
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applications information 
THEORY OF OPERATION 

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

L ____________ .J 

FIGURE 1. Simplified LH0036 

11 

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 (R1 + RG)/R G. 

A, also receives input e2 via A2 and R2. e2 is seen 
as an inverting signal with a gain of R 1 /R G. A, 
also receives the common mode signal eCM and 
processes it with a gain of +1. 
Hence: 

R1 + RG 
V, ; --- e, 

RG 

R1 

By similar analysis V 2 is seen to be: 

R2+ RG 
V2 ; ---e2 

RG 

For R1 ; R2: 

V2 -V, ;[C:J+1](e2 -e, ) 

(1) 

(2) 

(3) 

Also, for R3 ; R5 ; R4 ; R6, the gain of A3 ; 1, 
and: 

eo;(1)(V2 -V, );(e2- e,) [1+(::1)] (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 (R G ~ 50[2). 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 /J.l.s and small 

1·45 

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 RBW may be placed between pin 1 and 
ground to accomplish this purpose. Figure 2 shows 
typical small signal bandwidth versus RBW ' 

lM_~ 

flOOk ,. 

~ R 
~ 10k 

Uk 
O.lM 1.0M 10M 100M lOOOM 

Rew ~ RESISTANCE FROM PIN 1 TO GROUND (11) 

FIGURE 2. Bandwidth vs 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. 

1.0 

0.1 

~ 0.01 

1:: 
;;! 0.001 

10k tOOk 100M 10M 100M 

Raw - RESISTANCE FROM PIN 1 TO GROUND (n) 

FIGURE 3. Output Slew Rate vs 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' 

R1 
.... 'Wv-""S lOOk 

R3 
Uk 

FIGURE 4. Vas Adjustmont Circuit 

Pin 8 is also used to improve the common mode 
rejection ratio as shown in Figure 5. Null is 
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applications information (con't) 

achieved by alternately applying ±10V, (for V+ & 
V- = 15V) to the inputs and adjusting R 1 for 
minimum change at the ,output. 

+15\1 

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 required. The procedure for null should start 
with the inputs grounded. 

+15\1 

+IOV<>-t--!.j 

+15\1 

FIGURE 6. Combined CMRR, Vas Adjustment Circuit 

R2 is adjusted for Vas null. An input of +10V 
is then applied and Rl is adjusted for CMRR null. 
The procedure is thell 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 CM R R null with a 
":'10V input. The optimum null achievable will 
yield the highest CMRR over the amplifiers com· 
mon mode range. 

+15V 

,----"'f-o()+15V 

A2 
lOOk 

'-----+-0 -15V 
• NinE: NOMINAL VALUE HI TO ACHIEVE OPTIMUM CMRR IS 3.0 k1l, 

FIGURE 7. Improved Vas, CMRR Nulling Circuit 

AC CMRR Considerations 

The ac CMRR may be improved using the circuit 
of Figure 8. 
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+15V 

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 (Re) 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"" ---::-----

4 X 108 + 800 Rs 

or 

V+ - 0 5 - (4 X 108 ) (ISlAS') 
Rs = -----------

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. 

100 

10 

~ 
J 

1.0 

100k 1.0M 10M 100M 

As - RESISTANCE FROM PIN 3 TO GROUND (n) 

FIGURE 9. Input Bias Current as a Function of RB 

'As indicated above, Rs may be returned to the 
negative supply voltage. Input bias current may 
then be predicted by: 

'(v+ - V-I - 0.5 
I '" S,IAS - 4 X 108 + 800 Rs 
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or 

(8) 

Where: 

ISlAS = Input Bias Current (nA) 

Rs = External resistor connected between 
pin 3 and V- (Ohms) 

V+ = Positive Supply Voltage (Volts) 

V- = Negative Supply Voltage (Volts) 

10 

1 
~ 

-" 
1.0 

As - RESISTANCE FROM PIN J v- (~2) 

FIGURE 19. Input Bias Current as a Function of RS 

Figure 10 is a plot of input bias current versus 
Rs returned to V- it should be noted that band· 
width is affected by changes in Rs. Figure 11 is a 
plot of bandwidth versus R s. 

1.0M 

~ 
~ lOOk 

~ ::; 10k 

" :i 
~ 1.Ok 

~ 

100 
10k lOOk toM 10M 100M 

RB - RESISTANCE fROM PIN 3 TO GROUND (n) 

FIGURE 11. Unity Gain Bandwidth as a Function of RS 

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 RlSo as shown in Figure 12. 

OUTPUT 

FIGURE 12. Bias Current Return Path 
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Ina 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,so ~ 150 MO, 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 common 
mode voltage. Under worst case conditions: 

VCMR - VCM R,so :::; --''---__ .::..c:. 
IT 

Where: 

(9) 

VCMR Common Mode Range (10V for 
the LH0036) 

VCM Common Mode Voltage 

IT = IS1 + IS2 

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 wh ich require 
very low leakage and minimum input capacitance. 
Pin 2 will always be biased at the input common 
mode voltage. The source impedance looking into 
pin 2 is approximately 15 kO. Proper use of the 
guard/shield pin is shown in Figure 13. 

FIGURE 13. Use of Guard 

For applications requiring a lower source impedance 
than 15 kO, 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 
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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/R G ). Where: RG = 
Gain Set Resistor. 

Common Mode Rejection Ratio: The ratio of 
input voltage range to the peak·to·peak change in 
offset voltage ov~r this range: 

Gain Equation Accuracy: The deviation of the 
actual closed loop gain from the predicted dosed 
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 Voltage, Vlos; The voltage 
which must be applied to the input pins to force 
the output to zero volts for AVCL = ~ 1 00. 

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 VIOS~ 
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Voos = [Vos !AVCL '" 1)':'[ Vos ! AVCL = 1000] 

Overall Offset Voltage: 

Voos 
Vos = Vias + 

AVCL 

Power Supply Rejection Ratio: The ratio of the 
change in offset voltage, Vas, to the change in 
supply voltage producing it. 

Resistor, Ra: An optional resistor placed between 
pin ~ 3 of the LH0036 and ground (or V-) to 
reduce the input bias cu rrent~ 

Resistor, Raw: An optional resistor placed be~ 

tween pin 1 of the LH0036 and ground (or V-'-) 
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 bane! of the final output voltage. 



~ Amplifiers 

NAll0NAL 

LH0037/LH0037C low cost instrumentation amplifier 

general description 
The LH0037/LH0037C is a true instrumentation ampli
fier designed for precision differential signal proc
essing. Extremely high accuracy can be obtained due to 
the 300 MQ input impedance and excellent 100 dB 
common-mode rejection ratio. It is packaged in a 
hermetic TO-8 package. Gain is programmable with one 
external resistor from 1 to 1000. Power supply operating 
range is between ±5V and ±22V. 

The LH0037 is specified for operation over the 
-55°C to +125°C temperature range and the LH0037C 

is specified 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 

• Guard drive output 

300 MQ 

100 dB 

1 to 1000 

250mW 

±5V to ±22V 

equivalent circuit and connection diagrams 
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typical applications 
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Isolation Amplifier for Medical Telemetry 
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Metal Can Package 
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absolute maximum ratings 
Supply Voltage ±22V Short Circuit Duration Continuous 

Differential Input Voltage ±30V Operating Temperature Range 

Input Voltage Range ±Vs LH0037 -55'C to +125'C 
Shield Drive Voltage ±Vs LH0037C -25'C to +85'C 
CMR R Preset Voltage ±Vs Storage Temperature Range -B5'C to + 150'C 
CMRR Trim Voltage ±Vs Lead Temperature (Sold~ring, 10 seconds) 300'C 
Power Dissipation (Note 3) 1.5W 

electrical characteristics (Notes 1 and 2) 

LIMITS 

PARAMETER CONDITIONS LH0037 LHOO37C UNITS 

MIN TYP MAX MIN TYP MAX 

I nput Offset Voltage (V lOS) . Rs " 1.0 k!l, T A " 25' C 0.5 1.0 1.0 2.0 mV 
Rs" 1.0 k!l 2.0 3.0 mV 

Output Offset Voltage (V OOS ) Rs " 1.0 k!l, T A " 25'C 2.0 5.b 5.0 10 mV 
Rs " 1.0 kll 6.0 12 mV 

Input Offset Voltage Rs S 1.0 k!l 10 10 INtC 
Tempco (I> V losl I> TI 

Output Offset Voltage 15 15 pvtc 
Tempco (I> V oos/l> TI 

Overall Offset ReferrEd to Av "1.0 2.5 6.0 mV 
Input (Vosl Av " 10 0.7 1.5 mV 

A v "100 0.52 '1.05 mV 
Av " 1000 0.502 1.005 mV 

Input Bias Current (I B ) TA " 25'C 200 500 200 500 nA 
1.5 0.8 pA 

Input Offset Current (los) TA "25'C 100 250 nA 

Small Signal Bandwidth Av " 1.0, RL " 2 k!1 350 350 kHz 
Av 0 10, RL " 2 k!1 35 35 kHz 
Av " 100, RL 02 krl 3.5 3.5 kHz 
Av" 1000, RL"2k!l 350 350 Hz 

Full Power Bandwidth V ,N "±lOV, RL "2 kfl 5.0 5.0 kHz 
Av " 1 

Input Voltage Range Differential ±12 ±12 V 
Common Mode ±12 ±12 V 

Gain Nonlinearity 0.Q3 0.03 % 

Deviation From Gain Av " 1 to 1000 ±0.3 ±1.0 % 
Equation Formula 

PSRR ±5.0V S Vs S ±15V, LO 1.0 mV/V 
Av " 1.0 
±5.0V S Vs S ±15V, 0.05 0.25 0.10 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 1.0 mVIV 

Av " 100 I>Rs " 1.Ok 25 100 25 100 pVIV 

Output Voltage RL " 2 kll 12 14 12 14 V 
TA "25'C, RL " 1 k!1 10 13 10 13 V 

Output Resistance 0.5 0.5 !1 

Supply Current 4.5 8A 4.5 8A mA 

Slew Rate I>V ,N "±10V, 0.5 0.5 Vips 

R L " 2 k!l, Av " 1.0 

Settling Time To ±10 mV, RL" 2 krl 
I>VOUT " 1.0V 

Av "1.0 3.8 3.8 ps 

" Av "100 180 180 ps 

Note 1: Unless otherwise specified,all,specifications apply for Vs = ±,15V, pin 9 grounded,-25°C to +85°C for the LH0037C and ""':55°C to +125°C 
for the LH0037. 

N'ote 2: All typical values are for T A = 25° c. 
Note 3: The maxi'mum junction temperature is 150°C, For operation at elevated temperature derate the G package on a thermal resistance of 
90°C/W, above 25°(:. 
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typical performance characteristics 
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Amplifiers 

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·stabilizedmonolithic 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. 

TheLH0044 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 -55d C t6 
+125°C, and the LH0044AC, 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 25J1V max 

• Excellent long·term stability ±lliV Imonth max 

• Low offset drift 0.5J1V tc max 

• Very low noise ,0.7J1Vp,p max 0.1 Hz'to 10 Hz 

• High CM R Rand PSR R T20 dB min 

• High open loop gain 

• Wide common·mode range 

• Wide supply voltage range 

120dBmin 

±13V min 

±2V to ±20V 

equivalent circuit and connection diagram 

R1 
SOk 

R2 
SOk 

OVER COMP 

COMP o.!.-------+------+---HH 

., 
INVERTING 2 500 

INPUT 

D1 02 

R6 

NON·INVERTING 3 500 

INPUT 
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7 v' 

~etal Can Package 

COMP 

TOPVIEW 

Ca5eiseluctrlcallyisoieted 

Note: Compensation is not normally reqllired. Hmo,Iever, for mill(imum 
Jtabilitv,uO.Ol,..FCilpac,tulsbouldbe,lIli1cedbetWeenpms7and8when 
device 15 USI!d belllwclo5ed loop gam's of 10. 

TO·S Metal Can Package (HI 

Order Number LH0044AH or LH0044H 
(-5SoC to + 12SoC I 

Order NUmber LH0044ACH, LH0044BH 
or LHOO44CH (-2SoC to +8SoCI 

See Package 9 



absolute maximum ratings 
Supply Voltage 
Power Dissipation 
Differential Input Voltage (Note 4) 
Input Voltage (Note 5) 
Output Short-Circuit Duration 

±20V 
600mW 

±15V 
±15V 

Continuous 

dc electrical characteristics (Note 1) 

Operating Temperature Range 

LH0044, LH0044A 
LH0044AC,LH0044B, LH0044C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

LIMITS 

--55"C to +125"C 
-25" C to +85" C 

--55"C to +150"C 
300°C 

PARAMETER CONDITIONS LHOO44AILHOO44AC LHOO44ILHOO44BILHOO44C UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA ~ 25"C, Rs ~ 50n, VCM ~ OV 8 25 12 50 J.lV 
LH0044C Only 100 J.lV 

Input Offset Voltage Rs = 50n, VCM = OV 50 150 IlV 
LH0044A and LH0044B Only 75 75 J.lV 

Average Input Offset Voltage Drift TMIN S;TA ::;TMAX 0.1 0.5 0.2 1.0 J.lvtc 
LH0044B Only 0.5 J.lvtc 

Long-Term Stability (Note 2) 0.2 1 0.3 2 IlVlmonth 

Input Noise Voltage (Note 3) BW = 0.1 Hz to 10 Hz, Rs = son 0.35 0.7 0.35 0.8 J.lVp·p 
Rs = 10 kn Imbalance 0.50 0.9 0.50 1.0 IlVp,p 

Thermal Feedback Coefficient 0.005 0.005 J.lVlmW 

Open Loop Voltage Gain RL = 10kn 120 145 114 140 dB 

Common-Mode Rejection Ratio -10V:S: VCM :s: + lOV 120 145 114 140 dB 

Power Supply Rejection Ratio ±3V:S: Vs:S: ±18V 120 145 114 140 dB 

Input Voltage Range ±13 ±13.8 ±12 ±13.5 V 

Output Voltage Swing RL = 10kn ±13 ±13.7 ±12 ±13.5 V 

Input Offset Current 25"C:S:TA :S:TMAX 1.0 2.5 1.5 5.0 nA 
TMIN ::;TA <25°C 5.0 10.0 nA 

Average Input Offset Current Drift 5 40 15 80 pAtC 

Input Bias Current 25"C:S:TA :S:TMAX 8.5 15 10 30 nA 
TMIN :S:TA <25"C 50 100 nA 

Average 1 nput Bias Current Drift 50 300 100 600 pAtC 

Differential Input Impedance 5 10 2.5 8 Mn 

Common-Mode Input Impedance 2 x 1011 2 X 1011 n 

Supply Current IL = 0 0.9 3.0 1.0 4.0 mA 

Power Dissipation 27 90 30 120 mW 

ac electrical characteristics T A = 25"C, Vs = ±15V 

PARAMETER CONDITIONS TYP UNITS 

Input Noise Voltage Rs = 1 kn, fo = 10 Hz 11 nVf,/Hz 
Rs = 1 kn, fo = 1 kHz 9 nVIv''Hz 

Slew Rate Ay = +1, RL = lOkn, V,N = ±10V 0.06 VIJ.ls 

Large Signal Bandwidth Ay =+1, RL = 10 kn, V 1N =±10V 1 kHz 

Overload Recovery Time Av = +100, V ,N = -100 mV, Ll.V ,N = 200 mV 5 lIS 

Small Signal Bandwidth Av = +1, RL = 10 kn 400 kHz 

Small Signal Rise Time Av = +1, RL = 10 kn, V ,N = 10 mV 2.5 J.lS 

Overshoot Av = +1, RL = 10kn, V,N = 10 mV, CL = 100 pF 10 % 

Note 1: All specifications apply for ai" device grades, at Vs = ±1SV, and from TMIN to TMAX unless otherwise specified. TMIN is -5SoC and 
TMAX is +125"C for the LH0044A and LH0044. TMIN is -25"C and TMAX is +85"C for the LH0044AC, LH00448 and LH0044C. Typicals are 
given for T A = 25" C. 
Nota 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-to-back diodes for over-voltage protection. Excessive current will flow for differential input voltages in 
e.cess of lV. Input current should be limited to less than 1 mAo 

Note 5: For supply voltages less then .15V, the absolute ma.imum input voltage is equal to the supply voltage. 
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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 specific 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 accouf)t for tens 
of microvolts of virtual offset (or drift). The test circuit 
of Figure 1 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. 

r--.... ---,.-.~~ t15V 

r-~-----+--~~ 

r--+-7~V,"'" 
I lDOOVos 

I 
.-----+-~r -15V 

QVEN,-55"C:; TA :::;:+125"C 

*Wlfe-woundconstructlon (TCR :::;;10PIIP;oC) 

I 
I 

I~ 
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 

f = (Hz) 
100 pF + Cex, pF 

typical applications 

Buffered Output for Heavy Loads 

VOUT 

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.OlJ.1F 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.OlJ.1F 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 requiring 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 resLllt in reduced gain and 
increased offset drift due to mismatch in the TCR of 
the pot and R1 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 are divided by the closed loop gain of 
the LH0044. Additional offset and drift incurred due 
to use of A2 is less than 1 IlV IV for V+ and V- changes 
and O.OlIlVtC drift for the values shown in Figure 2. 

1M 

FIGURE 2. LH0044 Null Technique 

VOUT 

GBin=gm Rl 
;:,,0.2 x 10- 3 (RI + R2l for VIN ::;-10mV 

"Wire-wuundrl$istoti 

Xl000 Instrumentation Amp 
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~ o typical applications (con't) 
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17V 
MIN .:r----~-1>----"""lIIQIar_---O +15V OUTPUT 

Vz (A2+A3) 
Your: --,,-

lOUT S 100 rnA 

'OUT S100mA 

-~~O-~-----------4----J ~'------'''O------o -15V OUTPUT 

*Wire-wound for minimum drift. 
Unllndllledregulation::;O.005% 

Precision Dual Tracking Regulator 

0' .3 
2.777k 25k 

., 
252.5 

O. ., 
25k 6.25k 

.S 
INVERTING 25k 

INPUT 

NON·INVERTING 
INPUT 012 

25k 

.S 
16 252.5 011 Rl3 

25k 6.25k 

•• ." 12 11 " 
IS 2.171k 25k 

14 13 

AU resistors are part of N.tionll's.RA201 resistorarr.v. 

OVERALL INPUT STAGE OUTPUT STAGE 
GAIN GAIN GAIN 

XI X1 X1 
X2 X1 X2 
X5 X1 X5 
X10 XlO Xl 
X20 X10 X2 
X50 Xl0 X5 
X100 Xl00 X1 
X200 Xl00 X2 
X500 Xl00 X5 
X995 X199 X5 

01 
10k 

0.1% 

+15V ., 
90k 
0.1% 

-T5V 

STANDARD 

~ CELL 

10V Reference Supply 

.7 
25k 

OUTPUT 

JUMPER PINS 
ON RA201 

-
5t07,12t010 
6t07,11to10 
2 to 15 
2t015,5t07,12to10 
2 to 15, 6 to 7, 11 to 10 
1 to 16 
1 to 16, 5 to 7, 12 to 10 
1 to 16, 6 to 7 i 11 to 10 
1 to 14, 6to 7,11 to 10 

Precision I nstrumentation Amplifier 
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noise test circuit 

0.1 Hz HIGH PASS FILTER 

" 
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10 Hz lOW PASS FilTER 

VERT. 200 nV/DIV 
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~ Amplifiers 

NAnONAL 

LH0045/LH0045C 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 LH00451 
LH0045C will interface with thermocouples, strain 
gauges, or thermistors. The, use of the power 
supply leads as the signal output eliminates 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 

• Low input offset voltage 

• Low input bias current 

• Single supply operation 

• Programmable bridge reference 
(LH0045G) 

> 10 pA/pV 

1.0mV 

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 pr,ocess control, instrumentation, and 
data acquisition applications, The LH0045 is 
guaranteed over the temperature range of -55°C to 
+125°C; whe,eas the LH0045C is guaranteed from 
-25°C to +85°C, ' 

equivalent schematic and connection diagrams 

V,ce o'-<t--+---+----. 

R4 

NON.'NiNEp~~~~ <>-',,'----'V"'''''''_---1 

A, 

D2 

Q1 

M ~ ~ 

:ERi~:~ <>,4,-_-'V1.V"I>-_+-~~'_OD_PF+_~ ..... _ .... '1'''OD,..,.:'O t2 

-NOTE: PINS SHOWN ARE fOR THE 
lZPINTO·I!"G"/PACKAGf. 

OVER 
COMPENSATION 

COMMON 
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.v",,
ADJUST \ 

TO·8 

OVER 
COMPENSATION 

TOP VIEW 

INVERTING 
INPU1(-) 

4NOTE: PIN 51SSHDRTED TO PIN 6 TO OBTAIN A 
NOMINAL+5.1V.V REF' lEFT OPEN VRH =+10V. 

THE CASE IS ISOLATED FROM THE CIRcun 
FOR BOTH TO·3 AND TO-B 

Order Number LH0045G or LH0045CG 
See. Package 6 

TO·3 

TOP VIEW 

Order Number LH0045K or LH0045CK 
See Package 14 



absolute maximum ratings 

Supply Voltage (L1 to common) +50V 
Input Current ±20 mA 
Input Voltage (Either Input to Common) OV to VREF 

Differential Input Voltage ±20 V 
Output Current (Either L1 or L2) 50mA 
Reference Output Current 5.0 mA 
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 LH0045 LHOO45C UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (Vas) Is'" 4.0 rnA, T A::: 25°C 0.7 2.0 2.0 7.5 mV 

Is == 4.0 rnA 3.0 10 mV 

Offset Voltage Temperature Is == 4.0 rnA 3.0 6.0 , .. Nloe 

Coefficient (.6.Vos/t:.Tl 

Input Bias Current (lB) TA == 25°C O.S 2.0 1.5 7.0 nA 

3.0 10 nA 

Input Offset Current (los) T A == 25°C 0.05 0.2 0.2 1.0 nA 

0.4 1.5 nA 

Open loop 6.ls = 4.0 rnA to 20 rnA 106 10' 106 10' pU 
Transconductance (9MOL) ~ls == 10 rnA to 50 rnA 2x106 2xl07 2xl06 2xl07 pU 

Supply Voltage Range (Vs ) 9.0 50 9.0 50 V 

LH0045G pins 5 and 6 open 15 50 15 50 V 

Input Voltage Range (V IN) 1.0 3.3 1.0 3.3 V 

LH0045G pins 5 and 6 open 1.0 7.6 1.0 7.6 V 

Open Loop Output Vs = 10V to 45V, Is '" 4.0 rnA, 1.0 1.0 Mil 

Impedance (ROUT) TA=25°C 

Common 'Mode Rejection .6.V 1N == 1.DV to 3.3V, 0.1 0.05 0.1 0.05 mVIV 

Ratio (CMRR) Is = 12 rnA 

Power Supply Rejection b.Vs = lOV to 45V, Is "" 12 rnA 0.1 0.01 0.1 0.01 mVIV 

Ratio (PSRR) 

Open. Loop Supply Current Vs;o 50V 2.0 3.0 2.0 3.0 mA 

{lsod 

Reference Voltage Load ~I REF = 0 mA to 2.0 mA, 0.05 0.2 0.05 0.2 % 

Regulation (~VREF/.6.IREF) TA = 25°C ' 

Reference Voltage Line D.Vs = 10V to 45V, 0.3 0.5 0.3 0.5 mVIV 

Regulation (~VREF/~Vs) TA = 25Q C 
, 

Reference Voltage Temperature IREF = 2.0 mA 0.004 0.004 %tc 
Coefficient (~VREF/.6.T) 

Reference Voltage (V REF) IR·EF "" 2.0 mA, T A == 25°C 4.3 5.1 5.9 4.3 5.1 5.9 V 

IREF ",'2.0mA, TA = 25°C, S.6 10.3 12 8.6 lIi.3 12 V 
LH0045G pins 5 and 6 open 

Resistor R9 Is'" 12mA, TA = 25°C 95 100 105 95 100 105 Il 

Average Temperature Is = 12 mA 50 300 50 300 PPMtC 

Coefficient of R9 (TCRg) 

Resistor R5 Is == 1.0 rnA, T A == 25°C 950 1000 1050 950 1000 1050 Il 

Averag'e Temperature Is = 1.0mA 50 300 50 300 PPMtC 

Coefficient of R5 (TCR 5 1 

Input Resistance lR IN ) TA = 25°C 50 50 Mil 

Note 1: Unless otherwise specified, these specifications apply for +10V S Vs ~ +50V, pin 5 shorted to pin 6 on the LH0045G, 
over the temperature range -55°C to +125°C for the LH0045 and -25°C to +85°~ for the LHOO45C. 
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typical applications· 
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L_ ...J 
COLD JUNCTION L-_ ...... ~ ___ ....J 1,O~A (FULL SCALE) 

COMPENSAT10N 

FOR l~A FULL SCALE, R,,, ~ ""NI1~A ~ so URCE IMPEDANCE@PIN II 
e,g .. V'N (FULL SCALE)' 10 mV. A,,, • 10k 
BRIDGE IMPEDANCE ~ O.8k. R" 10k - O.8k· 9.2k 

Thermocouple Input Transmitter 

15.1'11) 

0%" -0.4'11 

'+----2..~-....... tIr~1O. 
'---- STRAIN GAUGE OR 

RESISTANCE THERMOMETER 
SPAN 

e.g . ..IR4 = 1 FULL SCALE 

L....-_-I 

Resistance Bridge Input Transmitter 

r - - - - - - - - [51VI 

I 
I 
I 
I 
I 
I 
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L __ :....-~56~ ___ ..J 1.6M 

1.0% 

Electronic Temperature Sensor 
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2ll mA ~ 100% ~ 100·C 

--m R, 
40 

+ -

DVM 

0.25V ~ 25"(; 
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*Pin numbers refer to 'G' package. All voltages indicated by ( ) are measured with respect to common, pin 3. 
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typical applications* (con 't) 
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*Pin numbers refer to 'G' package. All v-;>Itages indicated by ( ) are measured with respect to common, pin 3. 

I nstrumentation Amplifier Transmitter' 

applications information 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045/LH0045C 
is shown in Figure 1. Differential amplifier, A2 
convertS very low level signals to an output current 
via transistor 01. Reference voltage diode D 1 is 
used to supply voltage for operation of A2 and 
to bias an external bridge. Current source 11 
minimize's 'fluctuation in the bridge reference 
voltage due to changes in Vs. 

In normal operation, the LH0045/LH0045C is, 
used in conjunction with an external bridge 
comprised of RBI 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. RB4 might be a strain sensitive resistor 
in a,strain gauge bridge"RT is adjusted to purposely 
unbalance. the bridge for 4.0 mAoutput (null) 
for zero signal input: This is accomplished by 
forcing 2.5/lA more through RB3 than RB4. 

The 2.5/1A imbalance causes a voltage rise of 
(2.5/lA) x. (lOOn) or 250/1V 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 = 1 ElOO. 

The 250/lV rise at the top of RB3 causes a 
voltage drop of (1600) x (250/1V) or-O.4V across 
R9. An output current, Is, equal to 0.4V/R9 or 
4.0 mA is thus established in 01. If RB4 is now 
decreased by 1.0n (due to application of a strain 
force)" a -1.0 mV cliange in input voltag'~ will 
result. This causes L2 to drop to -2.0V. The' 
output current w.Quld then be 2.0V 11 oon or 20 mA 
(Full" Scale). If RB3 is a resistor of the 'same 
matedal as RB4 but not subjected to the strain, 
temperature drift effects will be equal in the two 
legs and wi II cancel. 

In actual practice the loading effects of RB2 on 
the gain (span) and RF. on output current must be 
taken into account. . 

0, 
160k 

Yu '" -O.4V (NULL) 
Vu" -2.0V (FUll SCALE) 

FIGURE 1. LH0045 Simplified Schematic 
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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 81ead 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 lOOn load 
resistance. The power at 4.0 mA is (23.6V) x (4.0 . 
mAl = 94.4 mW whi'le 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 rnA) = 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 the 
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 

l.O 

'" 2.5 
w 

'" z 

" 2.0 
~ 
fii 
a: 1.5 
c 

~ 1.0 

'" ::> 

'" 0.5 
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FIGURE 2. Optimum Load Resistance ys Supply Voltage 
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mW and the power at full scale is [48 - (20) x 
(1.95k)] (20 mAl = 180 roW for a net change of 
19.2 mW. 

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 5.1V 
(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 piri 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 
VR~F is given in the typical electrical characteristics 
section. VREF 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 
referen<;e point, if care is taken not to unduly 
load it with either dc current or capa.citance. 
Obviously, higher supply voltages must be used 
to Obtain the higher reference values. The minimum 
supply voltage to reference voltage differential is 
.about 4.0V. . 

Bridge Return 

'An applic~tions resistor is pr~vided in the LH0045 
with a nominal value of 1.0 kn. 'The primary 

, application for' the resistor is to maintain the 
;"inimum common mode input voltage (1.0V) 
required by the signal amplifier, '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. . 
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applications information (con't) 
1.0mA 

0.5 rnA 

100 

FIGURE 3. Use of I3ridge Return 

Over Compensation - Pin 8 (LH0045G), 
Pin 6 (LH0045K) 

'Over oompensation of the signal amplifier, A2 may 
be desirable in de 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. 

Typically, 

,f3db = --------
21T R (C1 + C"XT) 

where: 

R = 400 Mn 

Cl = I nternal Compensation Capacitor = 100 pF 

CEXT = External (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 pins 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 
potentiometer 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 calibration thus 
achieved does not account for sensor inaccuracies 
andlor errors in the signal generator. 

SENSOR SI;LECTION 

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 
toavoid extraneous 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 wh ich 
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 Impedance S 1.0n 

General Characteristics 

a. O°C S TA S +75°C 

b. Overall Accuracy S 0.5% 

RSl Ros 
4.0k 4.6M 

FIGURE 4. DeSign Ellample Circuit 

Selection of R F 

Input bias current to the LH0045C is guaranteed 
less than 10 nA. Furthermore, the change in Is 
over the temperature range of interest is typicaily 
under 1.0 nA. If 12 SPAN is selected to be 1.0J.lA 
(1000 A Is) errors due to AlBIA T will be less 
than 0.1 %. For SPAN = 16 mA. 

VSPAN = AV, = - (16 mA)(Fl9) = -1.6V 



applications information (con't) 

where R9 = Internal Current Set Resistor = lOOn 
For 12 SPAN = 1.01LA, 

VSPAN -1.6V 
RF = -- = -- = 1.6M 

12 SPAN 1.01LA 

Selection of RBl .and RB2 

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 (lsed 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: 

And, 

1.0V 

1.0mA 

1.0V 

1.0kn 

VREF -l.0V 
R· -c-. -'-'----

B2· 1.0V 

= 1.0k (5.1 -1.0) 

Alternatively, an LMl13, 1.22V reference diode, 
or an op amp such as the LM 1 08 may be used to 
bias the signal amplifier, A2 as shown in Figure 5. 
These techniques have the advantage of lowering 
the fmpedance seen at pin 10. 

Selection of Bos 

Res is .. selected to provide the null current of 
4.0 mA, Vl . NULL. = 4.0 mA x lOOn = O.4V. 
From previous calculations we know that VMIN = 
1.0V. The voltage pin 11, V 2 is; 

for VIN = OV 

5.1V 

40k 

t:BV 

Hence, the current required to generate the null 
voltage, 12 NULL is: 

VMIN -V; NULL 
12 NULL = ----=---

RF 

1.0V - (-O.4V) 
----- = 0.8751LA 

1.6Mn 

This current must be provided by Res from 
VREF ; hence: 

. VREF - VMIN 
Res=-----

12 NULL 

the nominal value for . V REF is 5.1 V, therefore 
the nominal value. for Res is: 

5.1V - 1.0V 

0.8751LA 

Res = 4.6 Mn 

or 

It should be noted however, that the variation of 
VREF may be as high as 5.9V or as low as 4.3V. 
Furthermore, the tolerances of R9 (lOOn), RB1 . 
RB2 , and the input Ves of A2 would predict values 
for Res as low as 3.98M and as high as 5.43M. The 
implication .is that in the specific case, Res should 
bi! implemented with a pot, of appropriate value, 
in order to accommodate the tolerances of VREF , 
R9, Ves, RB1 , RB2, etc. 

Selection of R 

SPAN is required to be 16 mAo From·feedback 
theory and the gain equation we know: 

where: 

R 

x -
R9 

total impedance in signal path between 
pin 10 and pin 11-

R9 = Current setting resistor = lOOn· 

VIN = Full scale input voltage = 100 mV 

VON 

FIOURE 5. Alternate Biasing Techniques 
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applications information (con't) 

:.R = 

R 

(VIN)(RF) 

(.SPAN) (R9) 

(100 11'1 V) (1.6 Mn) 

(16 mAl (100n) 

R 100 kn 

As before,uncertainties in device parameters might 
dictate that R F be made a pot of appropriate 
value. 

Summary ofthe Steps to Determine 
External Resistor Values 

1. Select IFULL SCALE =I NULL + ISPAN for the 
desired application. (I NULL is frequently 
4.0 mA and IFULL SCALE is frequently 
20mA.) 

2. Select 12 SPAN so that it is large compared to 
Ais. 1000 Ais is a good value. 

3. Determine V SPAN = AV2 = (l sPAN )(R9). 

5. Select 

R > V MIN 
B2 - IMIN 

1 VOLT 
RB2 2 ---------

INULL - ISOL 

Where: 

VMIN minimum common 
voltage 

mode input 

IMIN minimum available bridge current 

ISOL maximum open loop supply 
current 

6. Determine 

7. Determine V 2 NULL = INULL R9 

8. Determine 

9. Determine 

V REF -VMIN 
Ros=-----

12 NULL 

10. Determine 

R= 
(V IN ) (R F ) 

(lSPAN) (R9) 
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Where: 

V IN = Sensor full scale output voltage 

ERROR BUDGET ANALYSIS 

Errors Due to Change in VREF (AVREF) 

T,here are several 'factors which could cause a 
change in V REF' First, as the ambient temperature 
changes, a V REF drift of ±0.2 mVfC might 
be expected. Secondly, supply voltage variations 
could cause a 0.5 mV!V change in V REF . Lastly, 
self-heating due to power dissipation variations 
can cause drift of the reference. 

An overall expression for- change in V REF is: 

Where: 

.:'.V REF 
LlV AEF " [(O)(LlPD1ssl +.:'.TAJ 

\.~ ____ .... y Ll T I 

e 

ATA 

Thermal Effects 

LlV RtF 
+ --- (.:'.VsI 

~ 
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 mV/oC) 

line reQulation of V REF 

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 e JA = 83°C/W 
to e JC = 60° C/W. For the LH0045K (TO-3) 
e JA = 40°CIW may be reduced to e JC = 25°C/W 
by using a heat sink. The APDISS term may be 
significantly reduced using the power minimiza
tion technique described under "Thermal Con
siderations." For the design example, APDISS is 
reduced from 384 mW to 77 mW (R L = 800n.) 
Evaluating the LH0045G with a heat-sink and 
RL = 800n yields. 

LlV AEF "(6~C (o.onW) + 75°C)e';cmv) 

O.5mV 
+ -- (16VI 

V 

AV 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 ~VREF is: 

A1s 1%1" 100IKIIRosIIAVREFI-11-KIIAVREFIiRFI 

ISPAN (R9)(Ros )(I SPAN ) 

Where: 

K 

R9 

ISPAN 

Total change in V REF 

Current set resistor 

Change in output current from 
0% to 100% 

For example, ~VREF = 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 

~VREF effects. 

Error Due to Vos Drift 

One of the primarv causes of error in Is is caused 
bV Vas drift. Drift mav be induced either bV 
self heating of the device or ambient temperature 
changes. The input offset voltage drift, ~Vos/~T, 
is nominallv 3.3j1V tc per millivolt of initial offset. 
An expression for the total temperature dependent 
drift is: 

Where: 

e Thermal resistance either junction
to-ambient or junction-to-case 

Change in average power dissipation 

~T A Change in ambient temperature 

The bracketed term mav be minimized bV 
heat sinking and using the power minimiza
tion technique described under "Thermal 
Considerations." For the LH0045G design 
example, ~Vos = 0.352 mV under ambient 
conditions and 0.263 mV using a heat-sink 
and R L = 800n. Comparable Vas for the 
LH0045K would be 0.254 mV. 

The error in output current due to ~ Vas is: 

Ll.IS Ll.V __ (in %) = 100x ___ -,o",so-__ 

ISPAN V1N IFULL SCALEI 

RF 
=100x~~~-~

(R)(R9)(lSPAN) 
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For the design example, ~Vos = 0.263 mV, V 1N 
(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 mav be caused bV self·heating of the device or 
bV ambient temperature changes. 

Ll.ls ·Ll.R9 
-- lin %) = 100 -- (0 P01SS + ~T A) 
ISPAN Ll.T 

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. Ll.R9/Ll.T = 

0.03%tC, 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 RL = 800n, 
reduces ~ls/lsPAN to 2.3%. Comparable error for 
the LH0045K would also be about 2.3%. 

The error analvsis indicates that the internal 
current set resistor, R9 is inadequate to satisfv 
high accuracv design criterion. In these instances, 
an external lOOn resistor should be substituted 
for R9. 

ObviouslV, 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/DC versus 
50 ppm/DC tvpical drift for R9. 

External Causes of Error 

The components external to the LH0045 are also 
critical in determining errors. Specificallv, the 
composition of resistors RB1 , 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 I:S: 10 ppmtC) may 
be used for fixed resistor applications. 
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Error Analysis Summary 

The overall errors attributable to the LH0045 
may be minimized using he'at sinking, anq 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 
100Q wire wound resistor for R9 equal: 

L:.ls 
-- = 0,12% + 
ISPAN '-v-' 

L:.V REF 

0,26% + 0,08% 
'-v-' '-v-' 

L:.Vos L:.R9 

definition of terms 

0.46% 

Input Offset Voltage, Vos: The voltage which 
must be a'pplied between the input terminals 
through equal resistances to oblain 4.0 rnA 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) CUffent 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 cpnnected to 
1.0 Vdc. ' 

Open Loop Transconductance, gMOL: . The ratio 
of the supply (output) current SPAN to the input 
voltage required to produce 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 specified current level. 
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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, V1N : The range of voltages 
on the input terminals for which the device 
operates with in specifications .. 

Open Loop Supply Current, Is: The supply current 
required with the signal amplifier A2 biased off 
(inverting input positive, 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, L:.VREF/L:.Vs: 
The ratio of the change in VREF to the peak-to, • 
peak change in supply (output) voltage producing 
it. 

Reference Voltage Load Regulation, L:.VREFI 
L:.IREF: The change in VREF for a stipulated 
change in I REF. 



~ Amplifers 

NAnONAL 

LH00611LH0061C 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. 

features 
• Output current 0.5 Amp 

1 MHz 

70V Ills 
240mW 

300 nA Max 

The wide bandwidth and high output power capa· 
bilities of the LH0061/LH0061C make it ideal for 
such appl ications as AC servos, deflection yoke 
drivers, capstan drivers, and audio ampl ifiers. The 

• Wide large signal bandwidth 

• High slew rate 

• Low standby power 

• Low input current 

schematic and connection diagrams 
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1.2V 

TO·3 Package 

TOP VIEW 
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See Package 14 
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absolute maximum ratings 

Supply Voltage 
Power Dissipation 
Differential Input Current (Note 2) 
Input Voltage (Note 3) 
Peak Output Current 
Output Short Circuit Duration (Note4) 
Operating Temperature Range LH0061 

LH0061C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

±18V 
See Curve 

±10mA 
±15V 

2A 
Continuous 

_55°C to +125°C 
_25°C to +85°C 

_65°C to +150°C 
300°C 

dc electrical characterist~ics (Note 1) 

PARAMETER ,CONDITIONS lHOO61 

MIN TV? 

Input Offset Voltage As ~ 10 kU, Tc '" 25°C, Vs '" ±15V 1.0 

Rs s:::: 10 kH, Vs '" +15V 

Voltage Drift with Temperature Rs s:::: 10 krl .5 

Offset Voltage Change with Output-Power 5 

Input Offset Current Tc = 25"C 30 

Offset Current Drift with Temperature 1 

Input Bias Current Tc ~ 2SOC 100 

Input ReSistance Tc '" 25"C 0.3 1.0 

Input Capacitance 3 

Common Mode Rejection Ratio Rs:S: 16 k:U, 6VCM '" ±10V 70 90 

Input Voltage Range Vs""" ±15V ill 

Power Supply Rejection RatiO Rs "< 10 kn, t:Ns ~ ±10V 70 80 

Voltage Gain Vs = ±15V, Vo = -tl0V 

RL = 1 kU, T c = 2S"C 50· 100 

Vs'" +15V. Vo" ±-lOV 

RL =- 20n 5 

Output Voltage Swing Vs" ±15V, RL = 20n -tlO t12 

Output Short CirCUit Current Vs'" ±15V, Tc -= 25"C, Rsc'" 1 on 600 

Power Supply Current Vs'" ±15V, VOUT = a 7 

Power Consumption Vs = ±15V, V OUT = 0 210 

LIMITS 

LHOO61C 

MAX MIN TV? 

4.0 3.0 

6.0 

5 

5 

100 50 

300 

1 

300 200 

1.0 

0.3 1.0 

3 

60 80 

ill 

50 70 

25 50 

2.5 

±10 t12 

600 

10 10 

300 300 

ac electrical characteristics (Tc = 25°C, Vs = ±15V, Cc = 3000 pF) 

Slew Rate 25 70 25 70 

Power Bandwidth 1 1 

Small Signal Transient Response 30 30 

Small Signal Overshoot 5 20 10 

Settling Time (0,1%) 6.V 1N '" 10V, Av"' +1 0.8 0.8 

Overload Recovery Time 1 1 , 
Harmonic Distortion f'" 1 kHz, Po '" O.5W 0.2 0.2 

UNITS 

MAX 

10 mV 
15 mV 

vvtc 

MV/watt 

200 nA 

500 nA 

nAte 

500 nA 

1.0 VA 

Mfl 

pF 

dB 

V 

dB 

V/mV 

V/mV 

V 

mA 

15 mA 

450 mW 

V/jJs 

MH, 

"' 
30 % 

V' 

ps 

% 

Note 1: Specifications apply for ±5V S Vs S ± l8V, Cc = 3000 pF, and _55°C S TC S +125°C for the LH006l K and 
_25°C S TC S +85°C for the LH0061CK. Typical values are for T C = 25°C. 

Note 2:- The inputs are shunted with back-to·back diodes for overvoltage protection. E.xcessive curre'nt will flow if a differ
ential voltage in excess of 1 V is applied between the inputs without limiting resistors. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

N0184: Rating applies as long as package power rating is not exceeded. 
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typical performance characteristics 
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~ Amplifiers 

NAll0NAL 

LH0062/LHO'062C high speed FET op amp 

general description 
The LH0062/LH0062C is a precision, high speed 
FET input operational amplifier with more than 
an order of magnitude improvement -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 Vips 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 urider 1 ps. In 
addition it is free of latch-up and may be simply 
offset nulled with negligible effect on offset drift 
or CMRR. 

The LH0062 is designed for applications requ iring 
wide bandwidth, high slew rate and fast settling 
time while at the same time demanding the high 
input impedance and low i'nput 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 mi litary tempera· 
ture range of _550 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 offs,:( voltage 

• Low input offset current 

• Wide supply range 

70 Vips 

15 MHz 

1ps 

2mV 

1 pA 

±5V to ±20V 

• Internal 6 dB/octave frequency compensation 

• Pin compatible with std IC op amps (TO-5 pkg) 

schematic and connection diagrams· 

*Pin Numbers Shown for TO-5 Package 
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Metal Can Package 

COMP} 

'''''''0~ 
,,,,",,::M')~' '; 

IiI/PliT \:( • Y OUTPUT 

~O~INVERTING I ~ ,.,,' 
INPur .-~:) BM"H Y COMP) 

Order Number 
LH0062H or LH0062CH 

See Package 9 

Dual-In-line Package 

NC I_ 

NC 2_ 

I-l~ 'Ie 

1-13 Nt 

Order Number 
LH0062D or LH0062CD 

See Package 1 



absolute l1)aximum ratings 
Supply Voltage 
Power Dissipation (see graph) 
Input Voltage (Note 1) 
Differential Input Voltage (Note 2) 
Short Circuit Duration 

±20V 
500mW 

±15V 
±30V 

Continuous 

dc electrical characteristics (Note 3) 

PARAMETER 

I nput Offset Voltage 

Temperature Coefficient of 
Input Offset Voltage 

Offset Voltage Drift with Time 

Input Offset Current 

Temperature Coefficient of 
Input Offset Current 

Offset Current Drift with Time 

l.aput Bias Current 

CONDITIONS 

Rs:-:;;' 100 kf!; TA '" 25°C 

As': 100kf! 

'As ': 100 kh 

MIN 

Operating Temperature 
LH0062, 
LHOO62C, 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

LIMITS 

LH0062 LH0062C 

TVP MAX MIN TVP 

10 

25 10 

0.2 

MAX 

15 

20 

35 

0.2 

Doubles every lOoe Doubles every 10°C 

0.1 0.1 

10 65 

Temperature Coefficient of 
Input Bias Current 

10 

10 

Doubles every 10°C Doubles every 1Q°C 

Differential Input Resistance 

Common Mode Input Resistance 

Input Capacitance 

Input Voltage Range Vs '" ±15V 

As ~ 10 kU, VIN '" ±lOV 

±10 ±12 

80 90 Common Mode Rejection Ratio 

, Supply Voltage Rejection Ratio 

Large Signal Voltage Gain 

As::;;: 10 k1L, ±5V:-:;;' Vs ;::±lSV 80 90 

ac 

Output Voltage Swing 

Output Current Swing 

Output Resistance 

Output Short Circuit Current 

Supply Current 

Power Consumption 

RL = 2 Hl, VOUT '" ±lOV, 
T A'" 2Soc, Vs '" :t15V 

AL = 2 kn, VOUT '" ±lOV. 
Vs'" ±15V 

AL'" 2kn, TA '" 25°C, 
Vs '" ±15V 

RL '" 2 kn, Vs '" ±15V 

V OUT '" ±lOV, T A "'.25°C 

TA '" 2SoC 

Vs'" ±15V 

Vs '" ±15V 

electrical characteristics 

50 200 

25 

±12 ±t3 

±lO 

±10 ±tS 

75 

25 

(TA = 25°C, Vs = 

±10 

70 

70 

25 

25 

±12 

±lO 

±lO 

240 

±15V) 

LIMITS 

PARAMETER CONDITIONS LHOO62 

MIN TVP MAX 

Slew Rate Voltage Follower 50 70 

Large Signal Bandwidth Voltage Follower 

Small SIgnal Bandwidth 15 

Rise Time 25 

Overshoot 10 

Settling Time (0.1%) I'NIN ~ 10V 

Overload Recovery 09 

Input Noise Voltage Rs"" 10 kn, fa '" 10 Hz 150 

I nput Noise Voltage As'" 10 kn, fa '" 100 Hz 55 

Input Noise Voltage Rs'" 10 kn, fa '" 1 kHz 35 

Input Noise Voltage As'" 10 kn, fa '" 10 kHz 30 

Input Noise Voltage BW"" 10 Hz to 10 kHz, Rs '" 10 kQ 12 

I nput Noise Current BW'" 10 Hz to 10 kHz <.1 

Note 1: For supply voltages tess than ± lSV, the absolute maximum Input voltage IS equal 10 Ihe supply voltage 

Note 2: Rallng applies for m,mmum SOUfce resistance of 10 kn, for source reSistances less Ihan 10 kH, maxImum differentIal 
mput voltage !s t5V 

Note 3: Unless otherwise lpecified, these specificatIons apply for tSV < Vs < !20V and -5SoC < TA <; +12SQC for the 
LH0062 and _25°C ~ T A :S. +85°C for LH0062C, Typical values are given·for T A = 25°C Power supplies should be bypassed 
with 0.1 ~F ceramic capacitors. 
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MIN 

50 

±12 

90 

90 

160 

±13 

±lS 

75 

25 

12 

360 

LH0062C 

TVP MAX 

70 

15 

25 

15 

0.9 

150 

55 

35 

30' 

12 

<'1 

r-
:::t 
0 
0 

_55°C to +12SOC 
en 

_25°C to +85°C N 
_65°C to +150°C "-

300°C r-
:::t 
0 
0 

UNITS en 
N 

mV 
0 

mV 

~V!'C 

/J.V/week 

pA 

nA 

pA/week 

pA 

nA 

rl 

rl 

pF 

V 

dB 

dB 

V/mV 

V/mV 

V 

V 

mA 

rl 

mA 

mA 

mW 

UNITS 

V//ls 

MH, 

MH, 

% 

"' 
"' 

nV/y'HZ 

nV/y'HZ 

nV/y'HZ 

nV/y'HZ 

J../Vrms 

pArms 
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typical performance characteristics 
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typical performance characteristics (con't) 

Input Bias Current 
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auxiliary circuits 
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Feedforward Compensation for Greater 
Inverting Slew Rate t 

tSlew rate typically 150V/J./s. 

"Balance circuit necessary 
for increased slew. 
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V Avy 
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Offset Balanci ng 
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Compensation for Minimum Settling t Time 

tSlew and settling time 
toO.l%fora l{]V step 
change is 800 ns. 
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auxiliary circuits (con't) 

I'solating Large Capacitive Loads Overcompensat!on 

typica I applications· 

Fast Voltage Follower Fast Summing Amplifier 

I 
I 

High Speed Subtractor 

I I 

: ~ ~--
L ___ 2,1I'!.!.S 

-t<>wle,ugt 

Fast Precision Voltage Comparator 

"' UY914 

>,'-'VII'v--<t--o ~~~M 

"' INg14 

Video DC Restoring Amplifier' 

r
I 
I I 

LOG1CCONTAOlo-+D-t>-..J 

L _ l::!Hg~ _ -.J 

" Tl000P f 

·Pin numbe~s shown for TO-S package 

"' '" 

lD'-llpf 
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Boosting Output Drive to ± 100 rnA 

Differential Amplifier 

? lfipf 

Wide Range AC Voltmeter 

High Speed Positive Peak Detector 



typical applications· (con't) 

Precision Integrator 
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~ Amplifiers 
NATIONAL 

LH740A/LH740AC 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 lypi· 
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 Ills 

• Unity gain bandwidth of 1 MH z 

• Input offset is adjustable with a single 10k pot 

• Pin compatible with LM741, LM709, LM101A, 
and IlA740 

• Excellent offset current match over tempera· 
ture, typically 100 pA 

connection diagram 

Nt 

TOPVIEW 

• 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 temperature range. 

Order Number LH740AH or LH740ACH 

See Package 9 

typical applications 

Integrator 

r - - - - - - - - - - - - - - - - _. - "- - -" - _. - ;";11-;- i 
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I 
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absolute maximum ratings 

Supply Voltage 
Maximum Power Dissipation 
Differential I nput Voltage 
Input Voltage 
Short Circuit Duration 
Operating Temperature Range 

Storage Temperature Range 

LH740A 
LH740AC 

Lead Temperature (soldering, 10 sec.) 

±22V 
SOOmW 

±5V 
±15V 

Continuous 
-5SoC to +12S0 C 

oDe to +8So C 
_65°C to +150oC 

300°C 

electrical characteristics (Note 1) (Vs = ±15V, T A = 25°C unless otherwise noted) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Current (eithermputj 

Input ReSistance 

LargeS,gnill Voltage Gam 

Output Resistance 

Output Short·C,rcult Current 

Common Mode Rejecllon RatiO 

Supply VOltage Relection RatiO 

Supply Current 

Slew Rate 

Unity Gain Bandwidth 

TranSient Response IUn,ty GalO~ 

CONDITIONS 

Rs;::; 100 kH 

MIN 

50,000 

BO 

BO 

LH740A 

TV' 

10 

40 

100 

1,000,000 

100,000 

75 

20 

3.0 

6.0 

10 

MAX 

15 

100 

200 

4.0 

MIN 

50,000 

BO 

SO 

lHl40AC 

TV' 

10 

60 

100 

1,000,000 

100,000 

75 

20 

30 

6.0 

10 

R Isetlme 110 300 

MAX 

20 

lSO 

sao 

4.0 

UNITS 

mV 

pA 

pA 

Mn 

VIV 

n 

mA 

dB 

dB 

mA 

V/jJ.s 

MH, 

Overshoot 10 20 10 % 

(These specifications apply for -55v C < TA < 125 C for the LH740A dill! O"C < TA < 85'"C for the LH740AC unless otherwise noted.) 

Input Voltage Range ±12 ±12 

Common Mode RejectIOn Ratio SO BO 

Supply Voltage Rejection RatiO BO BO 

Large$lgnal Voltage Gam 40,000 40,000 

Output Voltage SWing RL? lOkn ±12 ±14 ±l2 ±14 

RL> 2kH tlO tl3 ±IO "3 

Input Offset Voltage 15 20 30 

Input Offset Currenl 100 500 60 500 

Input Current (either ,nput~ 2.5 4.0 1.1 5.0 

Offset Volt~ge Drift As":; lOOK 5.0 5.0 

Note 1: For supply voltages less than ±10V, the absolute maximum input voltage is equal to the 
supply voltage, 

typical performance characteristics 

'00 

'00 • ... .! 
~ '110 

~ 400 

~ 3110 

'" ~ 200 

1110 

Maximum Power 
Dissipation 

I\, 

\ 
.. 100 150 

TEMPEAATURE ret 
"0 
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Open Loop Frequency 
Response 

"A ...-.,.-.,--r-r---,-...-.,.-.., 

"a f-t--f-+-+-1- v, ~ ±1'~ -
12<1 I-t---t--t---t-t~:: ~:oC _ 

100 F~~~-I-+--t--t---t-t 
.. 1,,\ 
.. 1-1--+"\4+--+--+-+-1 
.. H-+--I'-'+o"\.--t--t-+--1 
2<1 1-1--+-+-+"\*-+-+-1 

"\ 
1110 ,.< 1M 100M 

FREOUENCY IHzt 

dB 

dB 

VIV 

mV 

.pA 

oA 

~vtc 
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~ Amplifiers 
NAll0NAL 
LH2101A/LH2201A/LH2301A dualRjgh performance op amp 
general description 
The LH2101A series of dual operational amplifiers 
are two LM101A typeop amps in a single hermetic 
package. Featuring all the same performance char· 
acteristics of the single, these duals offer in add ition 
closer thermal tracking, lower weight, reduced 
insertion cost, and smaller size than two singles. 
For additional' information, see the LM lOlA data 
sheet and National's Linear Application Handbook. 

_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 

The LH21 01 A is specified for operation over the 
-55°C to +125°C' military temperature range. The 
LH2201A is specified for operation over the 

• Offsets guaranteed over entire common mode 
and supply voltage ranges 

• Slew rate of 10V//.ls as a summing amplifier 

connection diagram 

INV. INPUT 4 

NON.1NV INPUT !i 

.------'<>v' 
r-__ -,,...J:14'oBALANCE 

...---.... 'O~~~~~~SAT10N 
>--'!.!l'OOUTPUT 

L----'O SAl/COMPENSATION 

... ----ll.ov-

INV.INPUTo"' ... '----1 
...---...:..oSAlANCE 

TO OUTPUT 
COMPfNSA TlON 

OUTPUT 

NON·INV INPUT 0""'----1 SAL/COMPENSATION 

'----'<lv, 

auxiliary circuits 
Inverting Amplifier with Balancing Circuit 

R, R' 
INPUT-J\Jv..-.. --'lM,.--., 

C1 
30pF 

tMay bezuro or equal to parallel combrnalion 
ufR1 andR2fllrmJnimumofhet 

0rder Number LH2101AD or 
LH2201AD or LH2301AD 

See Package 2 

Alternate Balancing Circuit 

C1 

T:~ JDllf R' 
5.1M 

,,,--'IN,,.v-
RJ 

10K 

Single Pole Compensation 

Cl::::~ 
.Cs"JOpF 

Two Pole Compensation Feedforward Compensation 

R' 

Cl~~ 
c,=JOpF 

C2 = lOCI 

R2 

VOUT VOUT 

C2"~ 
'0 "'JMHz 
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absolute maximum ratings 
Supply Voltage 

Power DisSipation INote 1) 
Differential Input Voltage 

Input Voltage lNote 2) 
Output Short-CirCulI Duration 

±22V 

500mW 
!30V 

±15V 
Contmuous 

electrical characteristics each side (Note 3) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

I nput Resistance 

Supply Current 

Large Signal Voltage Gam 

Input Offset Voltage 

Average Temperature 
Coefficient of Input 

Offset Voltage 

Input Offset Curnmt 

Average Temperature 

Coefficient of Input 
Offset Current 

Input Bias Current 

Supply Current 

Large Signal Voltage Gain 

Output Voltage ·Sw"ing 

Input Voltage Range 

Common Mode 
Rejection Ratio 

Supply Voltage 
Rejection Ratio 

CONDITIONS 

T A '" 25"C, As'::::: 50 kn 

TA '" 25°C 

TA -=0 25°C 

TA = 25"C 

T A = 25°C, Vs" ±20V 

T A "25~C, Vs = ±15V 

V OUT '" ±lOV, RL 2 2 kD: 

Rs'::;: 50 kD: 

25"C'::;: T A <: 125°C 

_55°C ~ T A ~ 25°C 

T A=' +125°C, Vs '" ±20V 

Vs" ±15V, VOUT '" ±lOV 
AL22 kn 

Vs '" ±15V, AL = 10 kn 
AL'" 2 kQ 

Vs = ±20V 

As 5::50 kn 

As'::::: 50 kn 

LH2101A 

2.0 

10 

75 

15 

30 

50 

30 

15 

20 

01 
0.2 

100 

2.5 

25 

±l2 
±lO 

it5 

80 

80 

Operating Temperature Range LH2101A 
LH2201A 
lH2301A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

LIMITS 

LH2201A lH2301A 

2.0 7.5 

10 50 

75 250 

1.5 0.5 

33 3.0 

50 25 

3.0 10 

15 30 

20 70 

0.1 0.3 
0.2 0.6 

100 300 

2.5 

25 15 

i12 ±l2 
±lO ±lO 

±t5 ±12 

80 70 

80 70 

-55"C to 125~C 
-25"C to 85°C 

O"C to 700 e 
-65)C to 150"e 

300"e 

UNITS 

mVMax 

nA Max 

nA Max 

MnMin 

mA Max 

V!mVMIn 

mV Max 

/.1V;oCMax 

nAMax 

nA/oC Max 
nAloC Max 

nAMax 

mAMax 

V/mV Min 

V Min 
V Min 

V Min 

dB Min 

dB Min 

Note 1: The maximum junction temperature of the LH2101A is 150°C, while that of the LH2201A is 100°C. For operating 
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 epoxy glass board with O.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the duat-in-line 
package is 100"C/W, junction to ambient. 

Note 2: For supply voltages tess than ± 15V, the absolute maximum input voltage is equal to the supply Voltage. 

Note 3: These specifications apply for ±5V ::;. Vs .::;;. ±20V and -5SoC .::;;. TA S 125Q C, unless otherwise specified. With the 
LH2201A, however, all temperature specifications are limited to - 2SoC ~ TA ~ 85°C. For the LH2301A these specifications 
apply for O°C ~ T A ~ 70°C, ± 5V and'::;;' V S ~ ± 15V. Supply current and ~Ilput voltage range are specified as V S = ± 15V for 
the LH2301 A. C1 = 30 pF unless otherwise specified. 

1-81 

r-
l: 
N .... 
0 .... » 
........ 
r-
l: 
N 
N 
0 .... » 
........ 
r-
l: 
N 
Co) 

0 .... » 



'« CX)CX) 
00 
('1)('1) 
NN 
3J: 
....... ~ 
CX) ....... 
0« 
NCX) 
NO 
J:N 
~N 
....... J: 
CX)~ 
0 ....... ..... « 
NCX) 
:to ..... 

N· 
J: 
~ 

Amplifiers 
LH210S/LH220S/LH230S, LH210SA/LH220SA/LH230SA 
dual super beta op af!lp 
general description 

The LH2108A/LH2208A/LH2308A and LH2108/ 
LH2208/LH2308 series of dual 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 offer closer thermal track· 
ing, lower weight, reduced insertion cost, and 
smaller size than two single devices. For additional 
information see the LM 1 08A or LM 1 08 data sheet 
and National's Linear Application Handbook. 

The LH2108A/LH2108 is specified for operation 
over the -55°C to +125°C military temperature 
range. The LH2208A/LH2208 is specified for 
operation over the -25°C to +85°C temperature 

connection diagram 

tNV 4 
INPUT 

NON·INV 
INPUT 

INV 12 
INPUT 

. range. The LH2308A/LH2308 is specified for 
operation over the O°C to +70°C temperature 
range .. 

features 

• Low offset cu rrent 

• Low offset voltage 

• Low offset voltage LH2108A 
LH2108 

• Wide input voltage range 

• Wide operating supply range 

.-------.:..0 v' 

.--_--"-0 g~~~UT 

>---,,-"<) OUTPUT 

'--_---=J-o ~~~: 

... ---..::.ov· 

OUTPUT 

CQMP 
INPUT 

'------'-0 v' 

50 pA 

0.7mV 

0.3 mV 
0.7 mV 

±15V 

±3V to ±20V 

Order Number LH210BAD, LH220BAD 
LH230BAD, or LH2108D, LH220BD, 

auxiliary circuits 

Standard Compensation Circuit, 

R1 R1 

'J 
Cf2:::~2 
Co "JGpf 

Cf 

or LH230BD • 

See Package 2 

Alternate * Frequency Compensation 

., 

RJ 

·Imprflwesrejectionol 
pawerwpplynoi.by 
.f.ctoroflen 

" 

VOUT 

1·82 

Feedforward Compensation 

C2 

C2=~ 
fa =JMHz 



absolute maximum ratings 
Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage INote 3) 
Output Short Circuit Duration 

±20V 
SOOmW 
±10mA 

±15V 
Continuous 

Operating Temperature Aal')ge 
LH2108A/LH2108 
LH2208A/LH2208 
LH2308A/LH2308 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics each side (Note 4) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

t nput ReSIstance 

Supply Current 

Large Signal Voltage Gain 

Input Offset 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 

!nput Voltage Range 

Common Mode Rejection RatiO 

Supply Voltage Rejection RatiO 

CONDITIONS 

TA "'2S"C 

T A = 2S"C 

T A=: 2S"C 

T A'" 2S"C 

T A=: 25"C 

T A =2S"CVs '" t15V 
VOUT '" tlOV, RL > 10 kU 

T A " +12S"C 

Vs'" +15V, VOUT-= +10V 
RL >10kn 

Vs'" ±1SV, RL "" 10 kH 

Vs = .!"lSV 

electric·al characteristics each side (Note 4) 

PARAMETER CONDITIONS 

Input Offset Voltage T A "2S'-C 

Input Offset Current T A" 25 C 

Input Bias Current T A" 2S"C 

Input ReSistance T A = 2S"C 

Supply Current T A" 25 C 

Large SIgnal Voltage Gain T A "2S CVs" +15V 
VOUT '" ~ lOY, RL > 10 kH 

Input Offset Voltage 

Average Temperature CoeffiCient 
of Input Offset Voltage 

Input Offset Current 

Average Temperature CoeffiCient 
of Input Offset Current 

Input Bias Current 

Supply Current TA " +12S"C 

Large SIgnal Voltage Gain Vs'" t1SV,V ouT = +10V 

RL> 10 kll 

Output Voltage SWing Vs'" ±lSV, RL '" 10 kH 

Input Voltage Range Vs" :!"lSV 

Common Mode Rejection RatiO 

Supply Voltage. Rejection RatiO 

LIMITS 

LH210B LH220B LH2308 

2.0 2.0 7.5 

0.2 02 10 

2.0 2.0 7.0 

30 30 10 

0.6 0.6 0.8 

50 50 25 

30 3.0 10 

15 15 30 

OA OA 1.5 

2.5 25 10 

30 30 10 

04 0.4 

25 25 15 

'13 ±.13 .:t13 

'135 ± 13.5 ±14 

85 85 80 

80 80 80 

LIMITS 

LH2108A LH2208A LH2308A 

05 05 05 

02 02 1.0 

20 20 7.0 

30 30 10 

06 0.6 08 

80 80 80 

10 1.0 0.73 

5 5 

04 0.4 1.5 

2.5 25 10 

lO 3.0 10 

04 04 

40 40 60 

'13 1:13 ±13 

+13.S :!"13.S ±14 

96 96 96 

96 96 96 

Note 1: The maximum junction temperature of the LH2108A/LH2108 IS 150°C, while that of th~ LH220BA/LH220B is 
10O<>C and the LH2308A/LH2308 IS 8SoC. For operatmg at elevated temperatures, devices in the flat package, the derating is 
based on a thermal resistance of 185°CIW when mounted on a 1/16-lnch-thick epoxy glass board with O.03-inch-wide, 2-ounce 
cooper con~uctors. The thermal resistance of the dual-ln-Iine package IS lO<r.C/W, junction to ambient. 

Note 2: The Inputs are shunted WIth back-to-back diodes tor overvoltage protection. Therefore, excessive current will flow if 
a differential input voltage in excess of lV 15 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 speci,fications apply for ±5V 5 Vs ~ ±20V and -SS"C ~ T A ~ 125"C, unless otherwise specified. With 
the LH220BA/LH2208, however, all temperature &pecifications are limited to -25°C :S T A :S 85"C and with the LH230BAI 
LH2308 tor 15V :5 Vs ~ 15V and oOe ~ TA :5 70"C. ' . 
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-55°C to +12SoC 
-2SoC to +85°C 

O°C to +70°C 
-65°C to +150°C 

300°C 

UNITS 

mV Max 

nA Max 

nA Max 

MnMin 

mAMax 

V/mV Mm 

mV Max 

J.1.V/'CMax 

nAMax 

pAte Max 

nA Max 

rnA Max 

V/mV Min 

V Min 

V Min 

dB Min 

dB Min 

UNITS 

mVMax 

nA Max 

nAMax 

Mil Min 

mAMax 

V/mV Min 

mV Max 

#1vte Max 

nAMax 

pAte Max 

nA Max 

mAMax 

V/mV Min 

VMm 

VMm 

dB Mu"i 

dB Min 
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In 
N 
~ LH24250/LH24250C dual programmable micropower op amp 
:z::: .... 

general description 

The LH24250/LH24250C series of dual program
mable micropower operational amplifiers are two 
LM4250 type op amps in a single hermetic pack
age. Featuring all the same performance character
istics of the LM4250, the LH24250/LH2425OC 
duals also ,offer closer thermal tracking, lower 
weight, reduced insertion. cost and smaller size 
than two single devices. For additional informa
tion, see the LM4250 data sheet and National's 
Linear Application Handbook. 

features 

• ±lV to ±18V power supply operation 

• Standby power consumption as low as 20/1W 

• Offset current programmable from less than 
0.5 nA to 30 nA 

• Programmable slew rate 

• May be shut-down usi ng standard open collector 
TTL 

• Internally compensated and short circuit proof 

connection diagram and auxiliary circuit 

V· 

: BALANCE 

OUTPUT 

: BALANCE 

OUTPUT 

V' 

Order Number LH24250D or LH24250CD 
See Package 2 

typical quiescent current setting resistor 

(Pin 8 to V-) 

S 
V, 10J..lA 30pA 10(lJ..lA 300J.1A ,. 

±1.5 1.5MH 470kD 150kil > 
C> 

±3 3.3MS1 1.1 Mf! 330 kll 100kfl .... 
= 

±6 7.5Mn 2.7 MQ 750 kU 220kn z 
e; 

±9 13Mf2 4 Mil L3MQ 350kn 
j ±12 18 Mfi: 5.6Mfl 1.5Mn -510kn 

±15 22 Mil 7.5Mn 2.2 MQ 620kfl 
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10M 

1M 

lOOK 

Offset Null·Circuit 

RSET 

"0= 10'I-IA 

'0 JOJ..lA 

la '" 100J.lA 

_1°1- ~Or't 
I j iLl 

o 2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE - Vs (V) 



absolute maximum ratings 
Supply Voltage 
Powel DI>slpatlon (Note 11 

Odferentlal Input Voltage (NOH' 21 

Input Voltagf' (Note 3) 

Output Sholt C'fCUlt Our"tlon 

18V 
500 rnW 

15V 
15V 

COnlIIlUUU., 

OpPldtlng TI'mp!'lilture Rdn'l€ 

LH24250 
LH24250C 

T!'m[)prJllJrC Rdl1ge 

LI'd(i (Soldering, 10 <;ec) 

electrical characteristics - each side (Note 4) 

PARAMETER 

Input Qff<;(>\ Voltagp 

Input 011>1'\ Cllnen! 

Input Bias Current 

Input ReSistance 

Power ConsumptIOn 

Large Signal Volta~e Gdln 

Input Offset Voltage 

Input O/hel CUllen! 

Large-Signal Voltage Gain 

Output Voltage SWing 

Input Voltage Range 

Common Mode Re)f'ctlon RallO 

Supply Voltage RE')ectlon RatiO 

CONDITIONS 

T A 25 C, Rs < 100 kil 

TA - 25 C 

T A 25 C 

T A 25"C 

TA~25'C,Vo O,R SE ] 27MSl 

fA 25C,R L ?10kSl 

R" > 10 kn 

RL " 10 kS!, Vs - '15V 

TA - 75 J C, Vs - '15V 

T J\ ~ 25 C, Rs < 10 kS l 

T A - 25 C, Rs"" 10 kS2 

Note 1: Derate linearly 2 mWf"C case temperature above 25 C. 

LIMITS 

LH24250 LH2425QC 

30 6 a 
10 

15 30 

480 600 

100 75 

40 ., 5 

15 

15 50 

50 50 

! 10 '10 

'12 "17 

70 70 

76 76 

65 C to +150 C 
300"C 

UNITS 

mV Max 

nA Max 

nA MdX 

MU Mill 

/JWMdX 

VlmV Min 

mV Max 

nA MdX 

nA Max 

V,mV Min 

V Min 

V Min 

dB Min 

dB Min 

Note 2: This ratmg applIes to maximum voltage differential between Input terminals. The maximum input voltage on either 
input terminal IS limited to tVS up to ~ 15V. 

Note 3: This rating limited to!: supply voltage to a maximum of i-15V 

Note 4: These specifIcations apply for Vs == 1_6V, Iq =- 30 ).lA, and -55"C",,", TA "'-. +125' C unless otherWise specified WIth the 

LH24250C, however, all temperature specifications are limited to a C < TA < 70 'c. 
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NATIONAL 

Buffers 

LH0002/LH0002C* 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 kQ 

6Q 

• Output Voltage Swing that Approaches Supply 
Voltage 

• 400 mA Pulsed Output Current 

• Slew rate is typically 200V /J.1S 

• 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 symmetric~1 

output portion of the circuit also provides a low 
output impedance for both the positive and nega
tive slopes of output pu Ises. 

The LH0002 is available in an 8-lead low-profile 
TO-5 header; the LH0002C is also available in an 
8-lead TO-5, and a 10-Pjn molded dual-in-line 
package. 

The LH0002 is specified for operation over the 
-55°C to +125°C military temperature range_ The 
LH0002C is specified for operation over the O°C 
to +85°C temperature range. 

applications 

• Line driver 
• 30 MHz buffer 
• High speed D/A conversion 
• I nstrumentation buffer 
• Precision current source 

schematic and connection diagrams 

{, (1al-....... ~--f--{ 

E, (61_~'--+-_~ 

''-

"' " 

''-
Pm numbers in parentheses denote pin 
connectiollS for dual-in·line package. 

typical applications 

High Current Operational Amplifier 

R2 

R1 
INPUT--'\IVY .... -.!.f 

AIIIR2 

'Previously called NH0002/NH0002C 

1(9IE, 

Rl 

Dual-! n-Line Package 

'. 

'. 
" 

Order Number LH0002CN 

See Package 16 

Line Driver 

OUTPuT V1N 

2-1 

Metal Can Package 

Order Number LH0002H or LH0002CH 

See Package 9 

SElECT CAPACITOR TO ADJUST 
TIME RESPONSE OF PULSE. 

SO!llOAD 
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a.bsolute maximum ratings 

Supply Voltage 
Power Dissipation Ambient 
Input Voltage (Equal to Power Supply Voltage) 
Storage Temperature Range 
Operating Temperature Range LH0002 

LH0002C 
Steady State Output Current 
Pulsed Output Current (50 ms Onll sec Off) 

electrical cha'racteristics (Note 1) 

PARAMETERS CONDITIONS 

Voltage Gain Rs = 10 kn, RL = 1.0 kn 

VIN = 3.0 Vpp, f = 1.0 kHz 

T A = _55°c to. 125°C 

AC Current Gain VIN = 1.0 V,ms 

f = 1.0 kHz 

±22V 
600mW 

_65°C to +150°C 
_55°C to +125°C 

O°C to +85°C 
±100mA 
±400 mA 

MIN 

.95 

I nput Impedance Rs = 200 kn, VIN = 1.0 V,ms, 180 

f = 1.0 kHz, RL = 1.0 kn 

Output Impedance VIN = 1.0 V,ms, f = 1.0 kHz -
R L = 50n, Rs = 10 kn 

Output Voltage Swing RL = 1.0 kn, f = ~.O kHz ±10 

Output Voltage Swing Vs = ±15V, VIN = ±10V, ±9.5V 

RL = 100n , T A = 25°C 

DC Output Offset Voltage Rs = 300n, RL = 1 .. 0 kn -

T A = _55°C to 125°C 

DC Input Offset Current Rs = 10 kn, RL = 1.0 kn -
T A = _55°C to 125°C 

Harmonic Distortion VIN = 5.0 V,ms, f = 1.0 kHz -

Rise Time RL = 50n, 4VIN = 100mV 

Positive Supply Current Rs = 10 kn, RL = 1 kn -

Negative Supply Current Rs = 10 kn, RL = 1 kn -

TYP 

.97 

40 

400 

6 

±11 

±10 

±6.0 

0.1 

7 

+6.0 

-6.0 

Note 1: Specification applies for T A =0 25°C with +12V on Pi~s 1 and 2; -12V on Pins 6 and 7 for the 
metal can package and + 12V on Pins 1 and 2; -12V on Pins 4 and 5 for the dual~jn·line package unless 
otherwise specified. The parameter guarantees· for LH0002C apply over the temperature range of oOe 
to +85°C, while parameters for the LH0002 are guaranteed over the temperature range -55°C 
to 12SoC. 

2·2 

MAX UNITS 

AlmA 

- kn 

10 n 

- V 

±30 mV 

±10 /lA 

- % 

12 ns 

+10.0 mA 

-10.0 mA 
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~ Buffers 

NAnONAL 

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 kD loads 
(±100 mA peak) at slew rates of 1500V /Ms. The 
LH0063/LH0063C will provide ±250 mA into 
50.11 loads (±500 mA peak) at slew rates of up to 
6000V/Ms. In addition, both exhibit excellent 
phase linearity up to 20 MHz. 

Both are intended to fulfill a wide range of buffer 
applications such as high speed line drivers, video 
impedance transformation, nuclear instrumentation 
amplifiers, op amp isolation buffer for driving 
reactive loads and high impedance input buffers 
for high speed Ato D's and-comparators. In 
addition, the LH0063/LH0063C can continuously 
drive 50.11 coaxial cables or be used as a diddle 
yoke driver for high resolution CRT displays. For 
additional applications information, see AN-48. 

advantages 

• Only +10V supply needed for 5 Vp_p video out 

• Speed does not degrade system performance 

• Wide data rate range for phase encoded systems 

connection diagrams 

• Output drive adequate.for most loads 

• Single pre-calibrated package 

features 

• Damn fast (LH0063) 6000V /Ms 

• Wide range single or dual supply operation 

• Wide power bandwidth Dc.: to 100 MHz 

• High output drive ±10V with 50.11 load 

• Low phase non-I i nearity 2 de.grees 

• Fast rise times 2 ns 

• High current gain 120 dB 

• High input resistance 1010 .11 

These devices are constructed using specially 
selected junction FErs 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 a5W 8-pin TO-3 package. 

LH0033/LH0033C 
Metal Can Package 

LH0033/LH0033C 
Dual-In-Line Package 

LH0063/LH0063C 
Metal Can Package 

TOP VIEW 

CASE IS EtECTAICAll Y 
ISOLATED 

Order Number LH0033G or LH0033CG 

See Package 6 

INPUT --4--'-, 
OFFSET 
PRESET 

OFfSET 
ADJUST 

OUTPUT-'+----....J 

TOP VIEW 

v' 

Order Number LH0033J or LH0033CJ 
See Package 12 

2-4 

CASE IS ELECTAICAll Y 
ISOLATED 

Order Number LH0063K or LH0063CK 
See Package 14 



absolute maximum ratings 

Supply Voltage (V I V-) 40V 

Maximum Power DI~~lpatlon (See Curves) 

LH0063/LH0063C SW 

LH0033/LH0033C 1.5W 
Maximum Junction Temperature 17SoC 

Input Voltage Equal to Supplies 

Continuous Output CUI rent 

LH0063!LH0063C +2S0 rnA 

LH0033/LH0033C ±100 rnA 

dc electrical characteristics 

Peak Output Current 

LH0063/LH0063C 

LH0033/LH0033C 

Operating Temperature Range 
LH0033 and LH0063 

LH0033C and LHOO63C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

LHb033/LH0033C: (Note 1) 

LIMITS 

PARAMETER CONDITIONS LHOO33 LHOO33C 

MIN TYP 

Output Offs.et Voltage 
Rs = 100 H2, Tc = 25°C 5 
Rs = lOOkS! 

Average Ternper<:lture Coefficient Rs -~ 100 
50 

of Offset Voltage -5SoC <; 12SOC 

Input Bias Current T c = 25°C 
.OS 

Voltage Gain 
Y'N = lVrms,f= 1 kHz, 

.97 .98 
RL '" 1 kB, Rs = 100 kS2 

Input Impedance R, ~ 1 k52 1010 1011 

Output Impedance 
Y'N = lVrms, t-; 1 kHz, 

6 
Rs = 100 kSl. RL = 1 k(2 

RL -= 1 kn, ±12 ±13 
Output Voltage SWing RL = lOOD, T c = 25°C ±9 

Vs =: ±5V, RL -" 1 kSl 6 

V" av, Vs -= ±15V 20 
Supply Current 

Vs = ±5V 18 

Y'N == OV, Vs - ±15V 600 
Power Consumption 

Vs = i5V 180 

ac electrical characteristics 

LH0033/LH0033C (Tc ~ 25°C, Vs ~ ±15V, Rs ~ 50D, RL ~ 1 kD) 

MAX MIN TYP 

10 12 
15 

50 

.1 .OS 
10 

1 .96 .98 

1010 1011 

10 6 

±12 ±13 

±9 

6 

22 21 
18 

660 630 
180 

LIMITS 

PARAMETER CONDITIONS LHOO33 LH0033C 

MIN TYP MAX MIN 

Slew Rate V" = ±10V 1000 lS00 1000 

BandWidth V IN = 1 Vrms 100 

Phase Non-Linearity BW= 1 to20MHz 2 

Rise Time ~VIN =O.5V 2.9 

Propagation Delav .6.V IN = O.5V 1.2 

Harmonic Distortion <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{LH0063C, specificatIOns apply for !i15V applied 
to pins 1 and 2, 15V applied to pinS 7 8, and pin 5 shorted to pH"> 6 Unless otherwise noted, speCifications apply over a 
temperature range of 55°C::: TC < for the LH0033 and LHOD63. and -25"C 5TCS;+8SoCfortheLH0033C and 
LH0063C TypiCal values shown are for TC - 25"C 

2-5 

TYP 

1400 

100 

2 

3.2 

1.S 

<0.1 

±500 mA 
±250 mA 

-55°C to +125°C 
-25°C to +85°C 

-65°'C to +150°C 
300°C 

UNITS 

MAX 

20 rnV 
25 rnV 

~V/oC 

.1S nA 
5 nA 

1 V/V 

!:l 

10 S2 

V 
V 

Vp_p 

24 rnA 
rnA 

720 rnW 
rnW 

UNITS 

MAX 

V/f.1s 

MHz 

degrees 

ns 

ns 

% 

r-r
:::Z::::::Z::: 
00 
00 
mw 
Ww 
" r-r-
:::Z::::::Z::: 
00 
00 
mw 
Ww 
<"5" 

f)I 
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dc electrical characteristics LH0063/LH0063C (Note 1) 

PARAMETER CONDITIONS LHOO63 

MIN TYP 

As -::; 1O~ kn, Tc = 25°C 10 
Output Offset Voltage 

Rs <: 100 kil 

Average Temperature Coefficient 
Rs <: 100 kil 300 

of Output Offset Voltage 

Input Bias Current T c = 25°C 
.1 

Rs 'S 100 k.Q, 
Voltage Gain 

V ,N ±10V, 
.96 .98 

R, ~ 1 kil 

Voltage Gain 
VIN = .:\:lOV, Rs s: 100 H2, 

.94 .96 
RL '" 50n,'TC = 25°C 

Input Resistance 1010 1011 

Input Capacitance Case Shorted to Output 

Output Impedance VO'-!.I 0- UOV, Rs '--·100 U2 

Output Current Swing Y'N = +10V, Rs 5 100 U2 .2 .25 

Output Voltage Swing R, " son ±lO ±13 

Vs = ±5V, RL = 50n, 
Output Voltage Swing 

Tc = 25°C 

Supply Current 
Tc = 25°C, RL = 00, 

60 
Vs =±15V 

Supply Current Vs = ±5V 50 

Power Consumption 
Tc = 25°C, RL = 00, 

1.80 
Vs = ±15V 

Power Consumption Vs = ±SV 500 

ac electrical characteristics 
LH0063/LH0063C: (T C = 25°C, Vs = ±15V, Rs = 50Q, RL = 50Q) 

PARAMETER CONDITIONS LHOO63 

MIN TYP 

Stew Rate RL = 1 kr2. V 1N '-. ±10V 6000 

Slew Rate 
RL = 50n. VIN 0- ±10V 

2000 4000 
Tc -" 25G C 

Bandwidth VIN '" 1 Vrms 200 

Phase Non-Linearity BW= 1 to20MHz 

Rise Time .6.V 1N '" .5V 1.6 

Propagation Delay LlV 1N '" .5V 1.9 

Harmonic DistortIOn <0.1 

LIMITS 

MAX MIN 

25 
100 

.2 
10 

.96 

.98 .92 

1010 

.2 

±lO 

75 

2.25 

LIMITS 

MAX MIN 

2000 

LH0063C 

TYP 

10 

300 

.1 

.98 

.96 

1011 

.25 

±13 

60 

50 

1.80 

500 

LH0063C 

TYP 

6000 

4000 

200 

1.9 

2.1 

<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 LHQ063/LHQ063C, specifications apply for +15V applied 
to pins 1 and 2. --15V applied to pms 7 and 8, and pin 5 shorted to pin 6. Unless otherWise noted, specificatIOns apply over a 
temperature range of -55°C s;. TC:S +125"C for the LH0033 and LHOO63, and _2S0 C -S::TCS.+85°CfortheLH0033C and 
LH0063C. TYPical values shown.are for T C '" 25°C 

2-6' 

UNITS 

MAX 

50 mV 

100 mV 

~VloC 

.2 nA 
nA 

VIV 

.98 VIV 

il 

pF 

n 
Amps 

V 

V p .p 

80 mA 

mA 

2.40 W 

mW 

UNITS 

MAX 

Vips 

V/~s 

MHz 

degrees 

ns 

% 



typical performance characteristics 
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typical performance characteristics (con'tj 
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application hints 
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Recommended Layout Precautions: R F Ivideo 
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. 

FIGURE 1. Offset Zero Adiust for LH0033 (Pin n,Os. 
shown for TO-B) 

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 allows 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 lOOn for the LH0033 or 1 kn for the 
LH0063 between the offset adjust pin and V 
as illustrated in Figures 1 and 2. 
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FIGURE 2. Offset Zero Adjust for LH0063 
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application hints (con't) 
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 
biased as illustrated in the "typical applications" 
section. 

Short Circuit Protection: In order to optimize 
transient response and output swing, output cur
rent limit has been omitted from the LH0033 
and LH0063. Short circuit protection may be 
added by inserting appropriate value resistors 
between V+ and Ve + pins and V- and Ve - pins 

v' 

INPUT 

FIGURE 3. LHOO33 Using Resistor Current Limiting 

2-9 

as illustrated in Figures 3 and 4. Resistor values 
may be predicted by: 

where: 

V+ V 
RLiM =-

Ise Ise 

Ise ~ 100 mA for LH0033 

Ise ~ 250 mA for LH0063 

The inclusion of limiting resistors in the ~ollectors 
of the output transistors reduces output voltage 
swing. Decoupling Ve + and Ve - 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 
Ve pins. Under fault conditions, the voltage de
creases as required by the overload. For Figure 5: 

.6V 
10n 

60mA 

In Figure ~, quad transistor arrays are used to 
minimize can count and: 

RLiM = ~ = __ ._6V __ = 8.2n 
1/3 (Ise) 1/3 (200 mAl 

v' 

INPUT 

R,~ 
&D'W 

FIGURE 4. LHOO63 Using Resistor Current Limiting 
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application hints (con't) 

INPUT 2"--t--~OUTPUT 

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 capacitiv~ .Ioads such as co
axial cables in excess of several thousand picofarads 
without susceptibility to oscillation. However, 
peak current resulting. from (e· Xdv/dt ) should be 
limited below absolute maximum peak current 
rat.ings for the devices. 

Thus for the LH0033: 

(';';~~N) X eL .:; lOUT':; ±250 mA 

ancj for the LH0063: 

(Ll::N) X eL .:; lOUT .:; ±500 mA 



application hints (con't) 

In addition, power dissipation resulting from 
driving capacitative loads plus standby power 
should be kept below total package power rating: 

Pdiss ~ Poc + PAC 
pkg 

Pdiss ~ (v+ -V-) X Is + PAC 
pkg 

PAC '" .(Vp_p )2 X f X CL 

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, LH0062, or LM 118. An isolation 

schematic diagrams 

INPUT 

LH00331LH0033C 

12 v+ 

" 'I NORMALLY 
SHORTED 

I ",' 
v,' 

9 vc... 
) NORMALLY 
I SHORTED 

L..~71--++""::<J ~ 
OffSET OFFSET 
ADJUST PRESET 

NORMALLY 
SHORTED 

PIN NUMBERS SHOWN FOR TO·8 '"G''' PACKAGE. 

INPUT 

2-11 

resistor of 4 7Q should be used between the op 
amp output and the input of LH0033. The wide 
bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the charac· 
teristics of the op amp and that additional rolloff 
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. 

ACHTUNG! 

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 
'/:," of the device package) to a ground plane. 
Capacitors should be one or two O.lMF in parallel 
for the LH0033; adding a 4.7MF solid tantalum 
capacitor will help in troublesome instances. For 
the LH0063, two O.lMF ceramic and one 4.7MF 
solid tantalum capacitors in parallel will be neces
sary on each supply lead. 

LH00631LH0063C 

I v' 

" 

'" 

RI 

, NORMAllY 
I SHORTED 

"'-4I~O OUTPUT 

~~-r.--~--~----~ 

'_ .... 1 
NORMALLY 
SHORTED 

RI 

" 
) N.RMAllY 

,,1 SHORTED 
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typical applications (con't) 

Nuclear Particle Detector High Input Impedance AC Coupled Amplifier 

r--4~--o +lSV 
llOl p F 

INPUT 0---1 
SHIELD 

" !O 

Isolation Buffer 

OVERAll FEEDBACK 

+15V 

15V 

V· 

INPUT 

OUTPUT 

15V 

REACTIVE 
LOAD 

Coaxial Cable Driver 

INPUT 

1M 

Coaxial Cable Driver 

son 

t15V 
4.11lf 

·SelectC, hi OptimumPul!Oe Response 

lW CW Final Amplifier 

.---..... -0 +3DV 
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typical applications (con't) 

OffSET 
ADJ. 

High Input Impedance Comparator 

With Offset Adjust 

v' 

v-

Single Supply AC Amplifier 

1M 

.OOIJJF 

Vcc= 12.DV 

NO GO y LOGIC "1" 
GO'" lOGIC "0" 

INPUT 0---1 OUTPUT 

1M 

v" 

Instrumentation Shield/Line Driver 

INPUT 

., 
Z20n 

4.5 MHz Notch Filter 

R1 
22011 

v' 

v-

High Speed Sample & Hold 

v' 
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INPUT 

lOGIC 
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5.0V 

-1 
I 
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~ 
Buffers 

NAnONAL 

LH2110/LH2210/LH2310 dual voltage follower 

general description 

Th~ LH2110 series of dual voltage followers are 
two LMll0 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 11 0 data 
sheet and National's Linear Application Notebook. 

The LH2110 is specified for operation over the 
_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 

v+ 

r----~ I BALANCE 

INPUT 

INPUT ~1:.:.2 __ --1 

Order Number LH21110 or 
LH22110 or LH2311D 

See Package 2 

OUTPUT 

BOOSTER 

v-

I BALANCE 

OUTPUT 

BOOSTER 

v+ 

2·15 

fied for operation over the O°C to +70°C temper· 
ature range. 

features 

• Low input current 

• High input resistance 

• High slew rate 

• Wide bandwidth 

• Wide operating supply range 

• Output short circuit proof 

auxiliary circuits 

1 nA 

1010 ohms 

30V/lJ.s 

20 MHz 

±5V to ±18V 

")00'6;:,' 8~ __ OUTPUT 

INPUT R2' 
S.1K 

Rl >100 
·May be added to reduce 

internal dissipation. 

Increasing Negative Swing Under Load 

Rl 
lK 

.... -+-v· 

>.~ ... _ OUTPUT 
16,8 

Offset Balancing Circuit 

:l. 
N ... ... 
o 
'" r-
::I: 
N 
N o 
'" r-
::I: 
N 
W ... o 
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absolut~ m.aximum ratings 
Scipply Voltage ±1av 

500mW 
±1SV 

Operating Temperature Range LH2110 
LH2210 
LH2310 

-SS'c to 125~C 
Power Dissipation (Note 1) 
Input Voltage (Note 2) 
Output Short Circuit Duration'INote 3) Continuous Storage Temperature Range 

-2S'C toas,C 
" O'C to 70'C 

-6S'C to IS0'C 

electrical characteristics Each side (Note 4) 
Lead Temperature (Soldering, 10 sec) 

LIMITS 
PARAMETER CONDITIONS 

LH2110 LH2210 LH2310 

Input Offset Voltage TA = 2S"C 4.0 4.0 7.S 

Input Bias Current TA = 2S'C 3:0 3.0 7.0 

. Input Resistance TA=2S"C 10'0 10'0 10'0 

Input Capacitance 1.5 l.S 1.5 

Lar~e Signal VO,ltage Gain T A = 2S"C, Vs = ±1SV .999 .999 .999 
VOUT = ±10V, RL ='a kn 

Output Resistance TA=25'C '2.S 2.S 2.S 

Supply Current (Each Amplifier) TA = 2S"C 5.5 5.S 5.5 

Input Offset Voltage 6.0 6.0 10 

Offset Voltage: ,-55'C"; TA "; 85'C 6 6 10 
Temperature Drift .TA =.12S'C 12 12 -

Input Bias Current 10 10 . 10 

Large Signal Voltage Gain Vs = ±15V', V OUT = ±10V .999 .999 .999 
RL = 10 kn 

Output Voltage Swing' (Note 5) Vs = ±1SY, RL = 10 kn ±10 ±10 ±10 

Supply Current (Each Amplifier) TA =125'C 4.0 4.0 -
Supply Voltage Rejection Ratio ±SV,,; ~s<; ±1aV 70 70 70 

Note 1: The maxImum junction temperature of the LH2110 IS 150"C, while that of the LH2210 IS l00"C and the LH2310 IS 
85"C. For operating at elevated temperatures, devkes In the flat package, the derating IS based on a thermal resistance of 
185 C/W when mounted on a 1/16-lnch·thlck' epoxy glass board 'With 0.03-mch-wlde, 2-ounce copper conductors. The 
thermal resIstance of the dual-IO-Ime package IS 100 C/W, Junctlon'to ambIent 

Note 2: For supply volta"s less than ~ 15V, the absolute maximum IOPUt voltage IS equal to the supply voltage. 

Note 3: ContinUOUS short cirCUit IS allowed for case temperatures to 125"C and ambient temperatures to 70"C. It IS necessary 
to Insert a reSistor greater than 2 kn m series With the mput when the amplifier IS dnven from low Impedance' sources to pre
vent damage when the output IS shorted. 

Note 4: These speclflcatll;ms apply for'+5V <;: Vs <' '18Vand -55 C < TA <. 12S"C, unless otherwise specified, Wi'th the 
LM210, ,:,owever, all temperature speCifications are limited to -2S"C < T A < 85 'c and for the LH2310, all t'emperature 
speCifIcatIons are limited to O"C <- T A <:; 70'C. . ' 

Note 5: Increased output sWing under load can be obtamed by connecting an external resistor ,between the booster and V-
termmals. . 
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UNITS 

mV Max 

nA Max 

nll!lin 

pF Typ 

VIY Min 

Ii Max 

mAMax 

mV.Max 

/lVrC Typ 
/lVrC Typ 

nA Ma'x 

VIY Min 

VMin 

mAMax 

dB Min 



~ 
Sample and Hold Amplifiers 

NATIONAL 

LH0023/LH0023C, LH0043/LH0043C sample and hold circuits 
general description 
The LH0023/LHOO23C and LH0043/LH0043C 
are complete sample and hold circuits including 
input buffer amplifier, FET 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/LH0023C and the 
LH0043/LH0043C is a 10: 1 trade·off in perfor· 
mance on sample accuracy vs sample acquisition 
time. Devices 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-0.01% max 
• Hold drift rate-0.5 mV /sec typ 
• Sample acquisition time-1 00 f.1S max for 20V 
• Aperturetime-150nstyp 
• Wide analog range-±10V min 
• Logic input-TTLlDTL 
• 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-8 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 +85°C 
temperature range. 

For information on other National analog prod
ucts, see Available Linear Applications Literature. 

features 
LH0043/LH0043C 

• Sample acquisition time-15 f.1s max for 20V 
4 f.1s typ for 5V 

• Aperture time-20 nS typ 
• Hold drift rate-1 mV /sec typ 
• Sample accuracy-O. 1 % max 
• Wide analog range-±10V min 
• Logic input-TTLlDTL 
• Offset adjustable to zero with single 10k pot 
• Output short circuit proof 

LH0043/LH0043C 

Tiepin7topin8 
for operation 
without5V supply. 

Order Number LH0023G or 
LH0023CG or LH0043G or 

LH0043CG 

*Tie to pin 8for operation without vee supply. 

OfFsn 
~OJusr 

See Package 6 
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absolute maximum ratings 

Supply Voltage (V+ and V-I 

Logic Supply Voltage (Vee) LH0023, LH0023C 
Logic Input Voltage (V 6) 

Analog I nput Voltage (V 5) 

Power Dissipation 

Output Short Circuit Duration 
Operating Temperature Range LH0023, LH0043 

LH0023C, LH0043C 

S.\orage Temperature Range 
Lead Soldering (10 sec) 

±20V 
+7.0V 

+5.5V 
±15V 

See graph 

Continuous 
_55°C to +125°C 

_25°C to +85°C 

_65°C to + 150°C 

300°C 

electrical characteristics LH0023/LH0023C (Note 1) 

LIMITS 

PARAMETER CONDITIONS f-__ ,....:L::.:H.:..:O:..:O",23::...,.. __ -+-__ ,.:L:.;.H.:.:O",O;:,23:,;C:"""_--1 UNITS 

Sample (Logic "1"1 
Input Voltage 

Sample (Logic "1 "I 
I nput Current 

Hold (Logic "0") 
Input Voltage 

Hold (Logic "0") 
Input Cu~rent 

Analog Input 
Voltage Range 

Supply Current - 110 

Supply Current - 112 

Supply Current - la, 

Sample Accuracy 

DC Input Resistance 

Input Current - Is 

Input Capacitance 

Leakage Current -
pin 1 

Drift Rate 

Drift Rate 

Vec ~ 4.5V 

V6 ~ 2AV, Vee: 5.5V 

Vee ~ 4.5V 

V6 ~ OAV, Vee ~ 5.5V 

V5~OV,V6:2V, 

V" : OV . 

Vs ~ OV, V6 : OAV, 

V" ~ OV 

Va: 5.0V, Vs : 0 

V OUT ~ ±10V (Full Scale) 

Sample Mode 
Hold Mode 

Sample Mode 

V5 0 ±10V; V,,: ±10V, 
T A ~ 25°C 
Vs: ±10V; V" o±lOV 

VOUT ~ ±5V, Cs oO.OlIlF, 

T A ~ 25°C 

VOUT : ±10V, 

MIN TYP MAX MIN TYP 

2.0 

±10 

500 
20 

±11 

4.5 

4.5 

1.0 

0.002 

1000 
25 

0.2 

3.0 

100 

0.6 

0.5 

10 

5.0 

0.8 

0.5 

6 

6 

1.6 

0.01 

1.0 

200 

1.0 

20 

2.0 

±10 

300 
20 

±11 

4.5 

4.5 

1.0 

0.002 

1000 
25 

0.3 

3.0 

200 

1.0 

0.5 

20 

MAX 

5.0 

0.8 

0.5 

6 

6 

1.6 

0.02 

1.5 

500 

2 

50 

v 

fJA 

V 

mA 

V 

mA 

mA 

mA 

% 

kr! 
kr! 

fJA 

pF 

pA 

nA 

mVls 

mVls 

Drift Rate 

Cs "0.01 fJF, TAo 25°C 

V OUT 0 ±10V, 0.1 0.2 mV/ms 

Aperture Time 

Sample Acquisition 
Time 

Output Amplifier 
Slew Rate 

Output Offset Voltage 
(without null) 

Analog Voltage 
Output Range 

Cs 00.01 fJF 

AVOUT : 20V, 
Cs : 0.01 fJF 

RL 21k, TA : 25'C 

RL 2 2k 

1.5 

±1O 
±10 

150 

50 

3.0 

±11 

±12 

100 

±20 

1.5 

±10 

±10 

150 

50 

3.0 

±11 

±12 

100 

±20 

NOTE 1: Unless otherWise noted. these specifications apply for V+ '" +15V, '-:' Cc =- +5V, V- =- -15V, Pin 9, grounded, 
a 0.01 IJ.F capacitor connected between prn 1 and ground over the temperature range -55"C to t125"C for the LH0023, and 
-25"C to 85°C f~r the LH0023C, All tYPical vallJes are for T A "- 25"C. ' 
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electrical characteristics LH0043/LH0043C: (Note 2) 

LIMITS 

LHOO43 LH0043C 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Hold (Logic "1") 2.0 2.0 V 
Input Voltage 

Hold (Logic "1") V6=2.4V 5.0 5.0 I1A 
Input Current 

Sample (Logic "0") 0.8 0.8 V 
Input Voltage 

Sample (Logic "0") V6 = O.4V 1.5 1.5 mA 
Input Current 

Analog Input ±10 ±11 ±1O ±11 V 

Voltage Range 

Supply Current V 5 = OV, V 6 = 2V, V 11 = OV 20 22 20 22 mA 

V5 = OV, V6 = 04V. 14 18 14 18 mA 

V" = OV 

Sample Accuracy VOUT = ±10V (Full Scale) 0.02 0.1 0.02 0.3 % 

DC Input Resistance T C = 25°C 1010 10 '2 1010 10'2 n 
Input Current - 15 1.0 5.0 2.0 10.0 nA 

Input Capacitance 1.5 1.5 pF 

Leakage Current- V 5 =±10V;V" =±10. 10 25 20 50 pA 
pin 1 T C = 25°C 

V5 = ±10V; V" ~ ±10V 10 25 2 5 nA 

Drift Rate VOUT = ±10V. Cs = O.OOlI1F, 10 25 20 50 mV/s 
T A = 25°C 

Drift Rate VOUT = ±10V, Cs = O.OOlI1F 10 25 2 5 mV/ms 

Drift Rate VOUT = ±10V, Cs = O.OlI1F, 
T A = 25°C 

1 2.5 2 5 mV/s 

Drift Rate VOUT = ±lOV, Cs = O.OlI1F 1 2.5 0.2 0.5 mV/ms 

Aperture Time 20 60 20 60 ns 

Sample Acquisition ilVOUT = 20V. Cs = O.OOlI1F 10 15 10 15 I1S 
Time ilVOUT = 20V, Cs = O.OlI1F 30 50 30 50 I1S 

6V OUT = 5V, Cs = O.OOlI1F 4 4 I1s 

Output Amplifier VOUT = 5V, Cs = O.OO1I1F 1.5 3.0 1.5 3.0 Vll1s 
Slew Rate 

Output Offset Voltage Rs <:: 10k, V 5 = OV, V 6 = OV ±40 ±40 mV 
(without null) 

Analog Voltage R L 21k, T A = 25°C ±10 ±11 ±10 ±11 V 
Output Range RL 2 2k ±10 ±12 ±10 ±12 V 

Note 2: Unless otherWise noted, these speclfrcations apply for V-t- -= + 15V, V- = -15V, pin 9 grounded, a 5000 pF capacitor connected 
between pin 1 and ground over the temperature range -5S"C to +12S"C for the LHOO43, and -25"C to 8SoC for the LHOO43C. All 
typical values are for T C '" 25"C. 

, 
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typical performance characteristics 
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Power DissipatiC?" 

- ~STILl AIR WITH CUP·ON 
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1"'-. '\. 

'" I\.. 
STill AIR "\ 

""-l '\. 

"" 
25 50 75 100 125 150 

TEMPERATURE 1°C) 

Sample Acquisition 
Time-LH0023 

Cs '" 0.01 p.F 
TA '" 25°C I\" 

I 
VSAMPLE = 5 OV 

.\ 
IL ~ IL 

o 20 40 60 80 100 1ZO 140 160 200 

TIME I,.) 

Output Current Limiting 

f--. r::: I:-t-
Vs'" ±15V 

"\ 1\ 
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typical applications 
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Time-LH0043 

Vs =±15V 
Cs '" 0.001 >If 
VL '" S.OV 
TA"'25Q C 

- - , , 
J. , ~OUTPUT 

IL INPUT""": ~ 
1 

, 
"'!.. , 

J i 
-
O. 1 2 3 4 5 6 1 8 9 10 

TIME (P,) 

Pin 1 Leakage Current 
vs Output Voltage 

Vs= ~J5V 
TA - 25°C_ 

~ 

-14~~ 
-16 t:t::L 
-12V-l0-8-6-4 -2 0 246 81012V 

OUTPUT VOL TAGE IV) 

Drift Rate vs Capacitance 

.001 .01 10 

Cs - CAPACITANCE (pF) 

,------------, 
I 
1 
I 

I' 

'" ;: 
~ +10V 
> 
" 
~ ov 
t;; 

-lOY 

10.000 

1.000 

~ 
.§ 100 

10 

.1 
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typical applications (con't) 

""""{ IN~UT 

CODE 

""eG 1 INPUTS 

Forcing Function Setup for Automatic Test Gear 

ANALOG SWITCH 
MULTIPLEX£RS 

AH001, 
AMJ105 
AM2009, 

CHANNEL SELECT 

SIHlOGIC 

} 0"'" PINS 

lOIGITM 
OUTPUTS 

"See op amp selection guide for details. Mo~tpopu\ar types include lH005Z, LH1725.lMl08, LM12Z and LM116. 

Data Acquisition System 

ANALOG 

PULSE-1>-----;=====l~ INPUT 

Single Pulse Sampler 

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

INVERTER 

L ____ _ 
1 

I 

I 
I 
I 
I 

L~3 __ .-J 

T" 
;·---------l 
I 
I 
I 

Two Channel Double Sideband Demodulator 

3-5 

SIGNAL ",1 OUTPUT 

SIGNAL ~2 OUTPUT 

DIGITAL 
OUTPUTS 

r 
::I: 
o 
o 
N 
W 
....... 
r 
::I: 
o 
o 
N 
W 
(") 

r 
::I: 
o 
o 
~ 
w 
....... 
r 
::I: 
o 
o 
~ 
w 
(") 



o 
M 
'I:t 
o 
o 
::t 
...J 
....... 
M 
'I:t 
o 
o 
::t 
...J 

U 
M 
N 
o 
o 
::t 
...J 
....... 
M 
N 
o 
o 
::t 
...J 

schematic diagrams 
lH0043/lH0043C 

SAMPLE 
COLLECTOR 

1 
12 

r----------.--~~----~~------~~----~~------~----------._--_.-¢~ 
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applications 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 cleanliness 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 re
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 t,he 

total leakage current at pin 1 of the device, and 
Cs is the value of the storage capacitor. 

2.1 Capacitor Selection - LH0023 

At room temperature leakage current for the 
LH0023 is approximately 100 pA. A drift rate of 
10 mV Isec would require a 0.01 I1F capacitor. 

For values of Cs up to 0.01 I1F the acquisition 
time is limited by the slew rate of the input buffer 
amplifier, A 1, typically 0.5 V IllS. 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 

tleo ~ change'in voltage sampled 

An average value for R is approximately 
600 ohms. The expression for tA reduces to: 

For a -10V to +10V change and Cs 
acquisition time is typically 5011s. 

2.2 Capacitor Selection-LH0043 

.05 I1F, 

At 2SoC case temperature, the leakage current for 
the LH0043G is approximately 10 pA, so a drift 
rate of S mV Is would require a capacitor of 
Cs ~ 10 . 10-12 /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 
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will be stored on the capacitor, in fT>uch less time as 
dictated by the slew rate 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 mA. With 
Cs ~ 0.01 I1F, the slew rate can be estimated by 
dV 10 -10-3 . . 
Cit ~ 0.01 • 10 6 ~ 1 V IllS or a sleWing t,me for a 

5 volt signal change of 511s. 

3.0 Offset Null 

Provision is made to null both the LH0023 and 
LH0043 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 FET 
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 SV Logic Supply-LHOO23 

The 5V logic supply may be eliminated by 
shorting pin 7 to pin 8 which connects a 10k 
dropping resistor between the + 15V and V c' 
Decoupling pin 8 to ground through 0.1 I1F 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 cine 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 Operation-LH0023 

The LH0023/LH0023C is comprised of' input 
buffer amplifier, A 1, analog switches, Sl and S2, a 
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applications information (con't) 
TTL to MOS lev~1 translator, and, output buffer 
amplifier, A2, In the "sample" mode" the logic 
input is raised to logic "1" (V6 ~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" 
(V6 ::; 0.8V) opening S1 and closing S2. Cs 
retains the sample voltage which is applied to the 
output via A2. Since S1 is open, the input signal 
is overridden, and leakage across the MOS switch is 
therefore minimized. With S1 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 ampl ifier A 1, FET switch S 1 operated 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 
(V6 = 0.8V) which commands the switch S1 

ANALOG 
!NPUT 

lOGIC 
INPUT 

ANALOG 
OUTPUT 
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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 (V6 = 2,OV), S1 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 

Vs: The voltage at pin 5, e.g., the analog 
input voltage. 

V 6: The voltage at pin 6, e.g., the logic 
control input signal. 

V 11: The voltage at pin 11, e.g., the output 
signal. 

T A: The temperature of the ambient air. 
T c: The temperatu're 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 th~ wiper arm retu rned to V-. 
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Sample and Hold Amplifiers 

NATlONAL 

LH0053/LH0053C high speed sample and hold amplifier 

general description 

The LH0053/LH0053C is a high speed sample 
and hold circuit capable of acquiring a 20V step 
signal in under 5.0/1s. 

The device is ideally suited for a variety of high 
speed data acquisition applications including analog 
buffer memories for A to D conversion and 
synchronous demodulation. 

An auxiliary switch within the device extends its 
usefulness in applications such as preset integrators .. 

features 

• Sample acquisition time 5.0/1s max for 20V 
signal 

• FET switch for preset or reset function 

• Sample accuracy null 

• Offset adjust to OV 

• DTLlTTL compatible FET gate 

• Single storage capacitor 

schematic and connection diagrams 

HEOBACK v' 

ac test circuit 

STORAGE 
CAPACITOR 

PRESET 
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+15V~ 

-15V~ 
L:l~3 ___ _ 

Acquisition Time Test Circuit 
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Metal Can Package 

Order Number LH0053G or LH0053CG 
See Package 6 
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absolute maximum ratings 

Supply Voltage (V+ and 
-

V ) ±18V 
Gate Input Voltage (VB and V7 ) ±20V 
Analog Input Voltage (V4 ) ±15V 
Input Current (Is and 15) ±10 mA 
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 (Solderi ng, 10 seconds) 300°C 

electrical characteristics (Note 1) 

., LIMITS 

PARAMETER CONDITIONS LHOO53 LHOO53C UNITS 

MIN TYP MAX MIN TYP MAX 

Sample (Gate "0") 0.5 0.5 V 
Input Voltage 

Sample (Gate "0") V6 '" O.5V, T A =- 25°C -5.0 "5.0 MA 
I nput Current V6 "" 0.5 -100 -100 MA 

Hold (Gate "1 '1 4.5 4.5 V 
Input Voltage 

Hold (Gate "1' I V6 =4.5V,TA =25°C 1.0 1.0 nA 
Input Current V6 '" 4.5V 1.0 1.0 MA 

Analog Input ±10 ;1:11 ± 10 ±11 V 
Voltage Range 

Supply Current V 4 =: OV 13 18 13 18 mA 
V6 ",' n.5V 

Input Bias Current V4 '" av, TA '" 25°C 120 250 150 500 nA 
(1,1 

Input ReSistance 9.0 10 11 9.0 10 11 HI 

Analog Output RL :=2.0k 1:10 :t12 '10 ±12 V 
Voltage Range 

Output Offset V 4 =OV, V6 =O.5V, fA '" 25°C 5.0 7.0 5 O· 10 mV 
Voltage V 4 =OV, V6 =O.5V 10 15 mV 

Sample Accuracy V4,:: ±10V, V6 "" O.SV, T A =: 25°C 0.1 0.2 0.1 0.3 % 
(Note 2) 

Aperture Time b..Ve '" 4.5V, T A'" 25°c 10 25 10 25 ns 

Sample Acquisition V4=±10V,TA=~5°C, 5.0 10 8.0 15 MS 
Time C, = 1000 pF 

Sample Acquisition V4 '" ±10V, TA ::: 25°C, 4.0 4.0 MS 
Time CF = 100pF 

Output Slew Rate AV IN ::: ±10V, TA == 25°C, 20 20 Vips 
C, = 1000 pF r 

Large Signal V4 == ±10V, TA '" 25°C, 200 200 kHz 
Bandwidth CF = 1000 pF 

Leakage Current V4 '" ±10V, T A:: 2SoC, 6.0 30 10 50 pA 
(Pin 51 V4 =±lOV 30 3.0 nA 

Drift Rate V4 "" ±lOV, TA =- 25°C, 6.0 30 10 50 mV/s 
CF = 1000 pF 

Drift Rate V4 '" ±10V, CF == 1000 pF 30 3.0 Vis 

02 Switch ON V 7 '" 0.5V, 18 '" 1.0 mA, T A ::: 25°c 100 300 100 300 n 
Resistance 

Note 1: Unless otherwise noted, these specifications apply for Vs = ±15V, pin 9 grotlnded, a 1000 pF capacitor between pin 
5 and pin 11, pin 3 shorted to pin 11, over the temperature range -55°C to +125°C for the lH0053 and -25°C to +85°C for 
the LH0053C. All typical values are for T)\ = 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. 
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typical performance characteristics 

2.0 

g 
~ 1.5 

~ 
~ 1.0 
i5 
~ 

~ 0.5 

250 

1200 
.... 
z 

1150 

~ 100 

'" .... 
" 
Z 50 

40 

30 

'> 20 
g 

10 
~ 

~ 10 
> .... 20 
" .... 30 

" 0 

Power Dissipation 

I 

"'- STIll AIR ~ITH I _ 
ClIP·ON HEATSINK 

"'- '" STlllAIR"- "'-
....... 

" " 
25 50 75 100 125 150 

TEMPERATURE r'c) 

Input Bias Current 

Js e 1"5~ 
V3" OV 

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

-55 -15 25 65 105 145 

TEMPERATURE ( C) 

Sample Acquisition Time 

I--
I II : i-t-c l e 1100 JF I 1--- , 'I! 

c!el10001'F 

J ~ 
-? I I I I 

I -IINPUT el20J ST!P 
I 

I ITA
,25 IC I+~ 

I I I 

1 I 1 1 
10 20 30 40 50 

TIME (/.is) 

Supply Current vs Temperature 
15 

_vle.,lv 

'" 14 g ........ .... z 
~ 

13 ~ 

" 
>-

~ 12 

r---. ....... 
.......... r-...... 

........ 

11 

-50 -25 25 50 75 100 125 

TEMPERATURE ( C) 

Drift 

v, .. '15V 

1000 = ~C,-100'F/' 

~ 
/' ./ E 

~ 100 

/' C, 11000 'r --== ~ 
10 

15 50 75 100 125 

TEMPERATURE ( C) 

Output Slew Rate 

"0 

~ 
.... 
" .... 
" 0 

-10 

<10 

~"cl,ejOO;Ftf r- 1I ,-r-

~1~0~'F T/ r/ 
I '-r-

1 
I 

TAe25C_r-

~ 
.... 
" 

I 

Z I 

-10 I 

4.0 B.O 11 16 20 

TIME (}Js) 

typical applications 

5 -------------, 

S/H lOGIC 0--,...-------------' 
"PolystyreneCI}[lstructlOn 

Increasing Output Drive'Capability 

3-11 

Output Current limiting 
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typical applications (con't) 
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Sample and Hold with Reset 

,,,0-____________ --' 

Preset Integrator 

applications information 

SOURCE IMPEDANCE COMPENSATION 

The gain accuracy (linearity) of the LH00531 
LH0053C is se't by two internal precision resistors. 
Circuit applications in which the source impedance 
is non-zero will result in a closed loop gain error, 
e.g. if Rs ~ lOS<, a gain error of 0.1 % results. 
Figure 1 and 2 show methods for accommodating 
non~zero source impedance. 

DRIFT ERROR MINIMIZATION 

. In order to minimize drift error, care in selection 
C F and layout of the printed circuit board is 
required. The capacitor 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. 
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The drift .is dictated by leakage current at pin 5 
and is given by: 

dv IL 

dt CF 

Where I L is the leakage current at pin 5 and CF 

is the value of the capacitance. The room tempera· 
ture leakage of the LH0053. is typical 6.0 pA, and 
a 1000 pF capacitor will yield a drift rate of 
6.0 mV per second. 

For values of CF below 1000 pF acquisition for 
the LH0053 is primarily governed by the slew 
rate of the .input amplifier (200V IllS) and the 
setting time of output amplifier (== 1.0IlS). For 
values above CF ~ 1000 pF, acquisition time is 
given by: 

loss 
Where: 

CF ~ The value of the capacitor 

tN ~ The magnitude. of the input step; 
e. g. 20V 

loss ~ The ON current of switch Ql 
== 5.0 mA 

tS2 ~ The setting time of output amplifier 

== 1.01ls 



applications information (con't) 

r-' 
I R2 

FIGURE 1. Non~Zero Source Impedance Compensation 

/~oo!... ______ _ 
, 

FIGURE 2: Non·Zero Source Impedance Bufferin~ 

GATE INPUT CONSIDERATIONS 

5.0V TTL Applications 

The LH0053 Gate inputs Gate 1 (pin 6) and Gate 
2 (pin 7) 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 10k pull-up resistor between the 5.0V, Vee, 
and the output of the gate as shown in Figure 3. 

+5.0V 

,,. 
GAH~174 

LHD053 

FIGURE 3. TTL Logic Compatibility 

CMOS Applications 

The LH0053 gate inputs may be interfaced directly 
with 74C, CMOS operating off of Vee's from 
5.0V to 15V. However transient currents of 
several milliamps can flow on the rising and 
falling edges of the input signal. It is, therefore, 
advisable to parallel the outputs of ' two 54C/74C 
gates as shown in Figure 4. 

It should be noted that leakage at pin 5 in the 
hold mode will be increased by a factor of 2 to 3 
when operating into 15V logic levels. 

3-13 

Unused Switch, 02 

In applications when switch Q2 is not used the 
logic input (pin 7) should be returned to +5.0V 
(or +15V for HTL applications) through a 1 Ok~ 
resistor. Analog Input, preset (pin 8) should be 
grounded. 

Vee 5.0V TO 15V 

A INPUT 

8 INPUT 

FIGURE 4. CMOS Logic Compatibility 

HEAT SINKING 

The LH0053 may be operated over the military 
temperature range, -55°C to +125°C, without 
incurring damage to the, device. However, a clip 
on heat sink such as the Wakefield 215 Ser·ies or 
Thermolloy 2240 will reduce the internal tempera· 
ture rise by about 20°C. The result is ? two-fold 
improvement in drift rate at temperature. 
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applications information (con't) 

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 DECOUPLING 

Amplifiers A 1 and A2within the LH0053 are very 
wide ban'd devices and are sensitive to power supply 
inductance. It is advisable to' bY'pase V+ (pin 12) 
and V- (pin 10) to ground with 0.1J1F disc 

capacitors in order to prevent oscillation. Should 
this procedure prove inadequate, the disc capacitors 
should be paralled with 4.7J1F 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 accomplished in the sample mode (V6 :s: 0.5V) 
and analog input (pin 4) equal to zero volts. 

."'~ 
r- J H2- 12 -- 1 __ '1 -l 

I 
I I 
I OutPUT 

I 

L'T-- --
'" 

FIGURE 5. Offset Null Circuit 

definition of terms 

Voltage, V4 : The voltage at pin'4, i.e., the analog 
input voltage. 

Voltage, V6: The voltage at pin 6, i.e., the logic 
control signal. A logic "1" inPut, V 6 :s: 4.5V, 
places the LH0053 in the HOLD mode; a logic 
"0" input (V6 :s: 0.5V) places the device in 
sample mode. 

Acquisition Time: The time required for HTe output 
(pin 11) to settle within the rated accuracy after a 
specified input change is applied to Analog Input 1 
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(pin 4) with logic input, Gate 1, (pin 6) in the 
logic "0" state. 

Aperture Time: The time indeterminacy when 
switching from the "sample" mode to the HOLD 
mode measured from time the logic input passes 
through it's threshold (2.0V) to the time the device 
actually enters the HOLD mode. 

Sample Accuracy: Difference between input volt· 
age and output voltage while in the sample mode, 
expressed as a percent of input Voltage .. 



~ Comparators 

NA'nONAL 

LH21111LH22111LH2311 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 ((acking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information see the LM 111 data 
sheet and National's Linear Application Handbook. 

The 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°C temperature range_ The LH2311 is speci-

fied for operation over the DoC to 70°C tempera
ture range. 

features 

• Wide operating supply range 

• Low input currents 

• High sensitiv ity 

• Wide differential input range 

• High output drive 

±15V to a 
single +5V 

6nA 

lO!.lV 

±30V 

50 mA, 50V 

connection diagram auxiliary circuits 

, 
" 

GND(EMITTEAI 

Offset Balancing 

4,1< 

Order Number LH2110D or 
LH2210D or LH2310D 

See Package 2 

*Increaseslvpicalcommonmodr 
slew hom 1.DV/ilSto lBV!jJS. 

Increasing Input Stage Current* Driving Ground*Referred Load 

" lN40nl 

" 2N3J411 

i\NAlIIG 
INPUT 

~Tvplcal mpul current IS 
50 pAwlth Inputs strobed aff 

Comparator and Solenoid Driver Strobing off Both Input* 
and Output Stages 

4-1 

He 
STROBE 

Strobing 
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Using Clamp Diodes to Improve Responses 
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absolute maximum ratings 
Total Supply Voltage (v+ - V-I 
Output to Negative Supply Voltage (V OUT - V-I 
Ground to Negative Supply Voltage (GND - V-I 
Differential Input Voltage 
Input Voltage (Note 1) 
Power Dissipation (Note 2) 

36V 
50V 
30V 

±30V 
±15V 

500mW 

Output Short Circuit Duration 
Operating Temperature Range LH~111 

LH2211 
LH2311 

Storage Temperature Range 
lead Temperature (Soldering, 10 sec) 

electrical characteristics - each side (Note 3) 

PARAMETER 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Vo!tage 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 Cu'rrent 

Input Voltage Range 

Saturation Voltage 

POSitive Supply Current 

NegatIve Supply Current 

CON 01 TLQNS 

T A" 25"C,'Rs< 50k 

T A" 25°C 

i A" 25"C 

TA =25°C 

TA "2S"C 

V IN ~ -5 mY, lOUT '= 50 mA 

TA"25"C 

TA " 25"C 

VIN :2': 5 mY, V OUT '" 35V 
T A == 25°C 

Rs <;; 50k 

v· ::>4.5V, V-" 0 
VIN S -5 mY, ISINK <; 8 rnA 

TA '= 25°C 

TA " 25"C 

LH2111 

3,0 

10 

100 

200 

200 

1.5 

3.0 

10 

4.0 

20 

150 

±14 

0.4 

6.0 

5.0 

LIMITS 

LH2211 LH2311 

3,0 7.5 

10 50 

100 250 

200 700 

200 200 

1.5 1.5 

3.0 3.0 

10 50 

4.0 10 

20 70 

150 300 

±14 ±14 

04 0.4 

6.0 7;5 

5.0 5.0 

10' sec 
-55°C to 125~C 

-25"C to 85"'C 
O°C to 70°C 

-65"C to 150"C 
300"C 

UNITS 

mV Max 

nA Max 

nA Max 

V/mV Typ 

ns Typ 

V Max 

mATyp 

nA Max 

fllV Max 

nA Max 

nA Max 

V Typ 

V Max 

mA Max 

mAMax 

Note 1: ThIS ratmg 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-thlck epoxy glass board with O:03-inch
wide, 2 ou~ce 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 0 ± 15V and -55"C ~ T A ~ 125"C for the LH2111, _250 C ~ T A ~ 85°C for the 
lH2211, and DoC <;;. T A ~ 70°C for the LH2311, unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to ,15V supplies. For the LH2311, VIN 0' 10 mV. 

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'l,these parameters defIne an error band and tak'e 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. 

4·2 



~ 
Analog Switches 

NAll0NAL 

AH0014/AH0014C· DPDT. AH0015/AH0015C quad SPST. 
AH0019/AH0019C· dual DPST-TTL/DTL compatible 

MOS analog switches 
general description 
This series of TTL/DTL compatible MOS analog 
switches feature high speed with internal level 
shifting and driving. The package contains two 
monolithic integrated circuit chips: the MOS ana
log chip is similar to the MM450 type which 
consists of four MOS analog switch transistors; 
the second chip is a bipolar I.C. gate and level 
shifter. The series is available in both hermetic 
dual-in-line package and flatp·ack. 

features 
• Large analog voltage switching 

• Fast switching speed 

±10V 

500 ns 

• Operation over wide range of power supplies 

• Low ON resistance 

• High OFF resistance 

block and connection diagrams 

Order Number AH0014D or AH0014CD 
See Package 1 

QuadSPST 
,--------l 

ANAlOUl1! ~ANAlOG 
INI I ' I OUTI 

ANAlnG~ANAlOG 

ANA~ii~~~;\OG 
.. '::\t;TJ]t~~::"" 

,~J';;t-:ifIf:~i 
Note: AU logic inputs shown at logic "1." 

Order Number AH0015D or AH0015CD 
See Package 2 

Order Number AH0015CN 
See Package 18 

typical applications 
Integrator 

'Previously called NHOO14/NHOO14C and NHOO19/NHOO19C 

5-1 

• Fully compatible with DTL or TTL logic 

• I nciudes gating and level shifting 

These switches are particularly suited for use 
in both military and industrial applications such 
as commutators in data acquisition systems, multi
plexers, A/D and D/A converters, long time 
constant integrators, sample and hold circu its, 
modulators/demodulators, and other analog signal 
switching applications. For information on other 
National analog switches and analog interface ele
ments, see listing on last page. 

The AH0014, AH0015 and AH0019 are specified 
for operation over the _55°C to +125°C military 
temperature range. The AH0014C, AH0015C and 
AH0019C are specified for operation over the 
-25°C to +85°C temperature range. 

Order Number AH0014D or AH0014CD 
See Package 1 

Order Number AH0014CN 
See Package 17 

Dual DPST 
AN~~~ 6 r--------~ 

ANAlOG~ANAtOG 
";;;~::II i"O" ANALOG 8 I to ANALOG 

INB2 I I oun 

:~' ~' ill::::: I IlL-vcc 
I l.1...- UNO 

LI l -i'j 12 - _-1. . .. 
lOGIC lOGIC Note: Pin connections are Identical 

Al ~2 for OIPand Flatjiack. All logic 
lO;,'C LO~lc inputs shown at logic "1." 

Order Number AH0019D or AH0019CD 
See Package 1 

Order Number AH0019CN 
See Package 17 

Reset Stabilized Amplifier 
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absolute maximum ratings 

Vee Supply Voltage 7.0V 
V- Supply Voltage -30V 
V+ Supply Voltage +30V 
V+/V- Voltage Differential 40V 
Logic Input Voltage .5.5V 
Slorage Temperature Range ·_65° C to + 150°C 
Operating Temperature Range 

AH0014, AH0015, AI-I0019 _55°C to +125°C 
AH0014C, AH0015C, AHOO19C _25°C to +85°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Notes 1 and 2) 

PARAMETER CONDITIONS MIN TYP 

Logical "1" Input Voltage Vee = 4.5V 2.0 

L~gleal "0" Input Voltage Vee = 4.5V 

Logical" 1" I nput Current Vee = 5.5V Y'N =2AV 

Logi£al "1" Input Current Vee" 5.&V Y'N = 5.5V 

Logical "0" I nput Current Vee = 5.5V Y'N = OAV 0.2 

Power Supply Current Logical ".1" Vee = 5.5V Y'N = 4.5V 0:85 
Input - each gate (Note 3) 

Power Supply Current Logical "0" Vee = 5.5V Y'N = OV 
Input - each gate (Note 3) 

AH0014, AHOO14C 1.5, 
AH0015, AHOO15C 0:22 
AH0019, AHOO19C 0.22 

Analog Switch ON Resistanc~ - each Rate \ Y'N IAnalog) = +lOV 75 

Y'N (Ana,log) = -10V 150 

Analog Switch OfF Resistance 10" 

Analog Switch Input Leakage Current- Y'N = -10V 
each input (Note 4) 

AH0014, AH0015, AHOO19 TA =.25D C 25 
TA = 125°C 25 

AH0014C, AH0015C, AHOO19C T A = 25°C 0.1 

T A = 70D C 30 

Analog Switch Output Leakage 
Current' - each output (Note 4) 

VOUT=-10V 

AH0014, AH0015, AHOO19 T A = 25°C 40 
TA = 125°C 40 

AH0014C, AH0015C, AHOO19C T A = 25°C 0.05 
TA = 70°C 4 

Analog Input (Drain) Capacitance 1 MHz @ Zero Bias 8 

Output Source Capacitance 1 MHz @ Zero Bias 11 

Analog Turn·OFF Time - tOFF See test circuit; T A ::::. 25°C 400 

Analog Turn-ON Time -tON See test circuit; ,T A"" '25°C 

AH0014, AHOO14C 350 
AH0015, AHOO15C 100 
AH0019, AHOO19C 100 

Note 1: Minimax limits apply across 'the guaranteed temperature range of _55°C to +12S"C for 
A~OO14, AHOO15, AHOO19 and -25°C to +85°C for AH0014C, AHOO.l~C, AHOO19C. V-'= -20V. 
V = +10V and an analog test current of 1 rnA unless otherwise specifIed. 

Note 2: All typical values are measured at T A '" 2Soe with Vee'" 5.0V. v+ '" +10V, V- '" -22V. 

"Note 3: Current measured is drawn from VCC supply. 

Note 4: All analog switch pins except measurement pin are tied to v+. 
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MAX UNITS 

V 

0.8 V 

5 IJ.A 

1 mA 

OA mA 

1.6 mA 

3.0 mA 
OA1 mA 

OA1 mA 

200 Q 

600 Q 

Q 

200 pA 
200 nA 

10 nA 
100 nA 

400 pA 
400 nA 

10 nA 

50 nA 

10 pF 

13 pF 

500 ns 

'425 ns 

150 ns 

150 ns 



analog switch characteristics (Note 2) 

RON vs Temperature RON vs Temperature RON vs Temperatura . 
225 125 125 

V:N ' ~ou;· oJ 1/ v,~·Jou,I'-I~V viN " VOUT " +10V 
l/ 100 I 100 200 I L ............. 1 

g 

" I- ! 
75 u 75 ~ 

175 u I-"'" z u 

V z ..... ~ 
z 

"" "" 
~ f- I-t"'" in V SO ~ SO 11l 150 

'" '" V :. z z 
~ f' 25 f' 25 f' 125 ..... 

0 0 100 
...... 

-55"C _15° 25° 65° 1050 _55' -15" 25' 65' lOS" -55Q _15° W 65° 1050 

AMBIENT TEMPERATURE rC) AMBIENT TEMPERATURE I"CI 
AMBIENT TEMPERATURE (OCI 

CIN vsVIN Leakage vs VIN IChannel "OFF"I Driver Gate VIN YS VOUT 

75 '10 
V· '10V I'!, v'" +tOV ~ Vee'" 5.0V 

SO SO V-"NO EFFECT ~ '5 v-" -22V '" CHANNEL "ON" - CHANNEL "ON"- ~ l' ~ 
lZ5Q C V·" 8.0V 

20 V-· -20V -V-"-OV -
~ 25 0 
'" 1", > 25"C -.. _55°C - ::i ~ 

> -5 z If ; 0 a: u 10 
,~ 

C> 
'" ~ -10 C> 

" ;;: 5 ~ -25 ,. 
z 

~ ;;: -15 
"" z 

~:';;NEl "ON" 
-SO '" 2 r-CHANNEl "OFF" ~ -20 

V- '" -tOY V-· -20V '" 1 -75 -25 
-10 -8 -6 -4 -2 o +2 +4 +6 +8 +10 '10 0 -10 0 0.5 1.0 1.5 2.0 2.5 3.0 

ANALOG VIN (V) ANALOG VIN (V) INPUT VOLTAGE IV) 

Schematic (Single Driver Gate 
I 

and MOS Switch Shownl Analog Switching Time Test Circuit 

~. 
."":;=::::Tf'oo, 

A .. AlGI> I R, UK 

.,... , ...... '~l:::'" ' .. -0-.J ... 
... 

" 

~ t, '" T "~ , , 
~ IV: I , ., 

I ' 

"" ' 
~" I : I 

I I I I ts-, 
IV ! I I 

UK 
\-tON-{ f--to .. --l 

selecting power supply voltage 

The graph shows the boundary conditions which 

~'. 
25 

must be used for proper operation of the unit. 20 
The range of operation for power supply V- is 15 
shown on the X axis. It must be between -25V 10 
and -8V. The allowable range for power supply 5 
V+ is govemed by supply V-. With a value chosen v- 0 

for V-, V+ may be selected as any value along a -25 -15 -5 -S 

vertical line passing through the V- value and 

V 
-10 

terminated by the boundaries of the operating -15 

region. A voltage difference between power su p- -20 

plies of at least 5V should be maintained for -25 

adequate signal swing. 
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Analog Switches 

NAnONAL 

AH0120/ AH0130/ AH0140 / AH0150/ AH0160 
series analog switches 

general description 

The AH0100 series represents a complete family 
of junction FET analog switches. The inherent 
flexibility of the family allows the designer to 
tailor the device selection to the particular appli
cation. Switch configurations available include dual 
DPST, dual SPST, DPDT, and SPOT. r ds(ON) ranges 
from 10 ohms through ·100 ohms. The series is 
available in both 14 lead flat pack and 14 lead 
cavity DIP. Important design features include: 
• TTL/DTL and RTL compatible logic inputs 
• Up to 20V POp analog input signal 
• rds(ON) less than 10,\1 (AH0140, AH0141, 

AH0145, AH0146) 
• Analog signals in excess of 1 MHz 
• "OFF" power less than 1 mW 

• Gate to drain bleed resistors eliminated 
• Fast switching, tON is typically 0.4 flS, tOFF is 

1.0 fls 

• Operatio.n from standard op amp supply volt
ages, ±15V, available (AH0150/AH0160 series) 

• Pin compatible with the popular DG 100 series 

The AH0100 series is designed to fulfill a wide 
variety of analog switching applioations including 
commutators, multiplexers, D/A converters,·sample 
and hold circuits, and modulators/demodulators. 
The AHOl 00 series is guaranteed over the tempera
ture range -55°C to +125°C; whereas, the 
AH0100C series is guaranteed over the temperature 
range -25°C to +85°C 

C5 ~-------------------------------------------------------------------------------------------; 
J: schematic diagrams 
« 

'" 
IN, 

DUAL DPST and DUAL SPST 

" 

12 
V-

Note: Dotted line portions are not applicable to 
the dual SPST. 

'" 

DPDT (diff.) and SPOT (diff.) 

V' 

" v-
Note: Dotted line portions are not applicable to 

the SPOT (differential). 
Order any of the devices betow using the part number with a 0 suffix. See Package 1. 

AH0133C, AH0134C, AH0151C, AHOi52C available in N Package also. 

logic and connection diagrams 
DUAL SPST 

DUAL DPST 
V' 

* Pinned out in N Package only. DPDT (diff.!. SPOT (diff.) 
v+ GATE 1"' V' V· 

" 
~~sw, sw, 

s, 
o-'f-----------r''----_;-'-<s., 

VR{ENA8LE) 

HIGH LEVEL (±lOV) 
AH0140 (lOn) 
AH0129 (30n) 
AH0126 (BOn) 

MEDIUM LEVEL (±7.5V) 
AH0153 (15n) 
AK0154 (SOn) 

sw, 
sw, 

'" 
", 

VR(ENABLEj v-
HIGH LEVEL (±lOV) 

AH0141 (lOn) 
AH0133 (30n) 
AH0134 (BOn) 

MEDIUM LEVEL (±7.5V) 
.AH01Sl (lSn) 
AH0152 (SOn) 

5-4 

VR (ENABLE) v-
HIGH LEVEL (±lOV) 

AH014S (lOn) 
AH0139 (30n) 
AH0142 (BOn) 

MEDIUM LEVEL (±7.5V) 
AH0163 (15n) 
AH0164 (50n) 

" VR(ENABlE) v-
HIGH LEVEL (±lOV) 

AH0146 (lOn) 
AH0144 (30n) 
AHOl43 (BOn) 

MEDIUM LEVEL (±7.5V) 
AH016l (15n) 
AH0162 (Son) 

s., 



absblute maximum ratings 

Total Supply Voltage IV+ - V-I 
Analog Signal Voltage IV+ - V A or V A - V-I 
Positive Supply Voltage to Reference IV+ - V R) 

Negative Supply Voltage to Reference IV R - V-I 
Positive Supply Voltage to Input IV+ - Y,N) 

Input Voltage to Reference IV ,N - V R ) 

Differential I nput Voltage IV ,N - V,N2 ) 

Input Current, Any Terminal 
Power Dissipation 
Operating Temperature Range AH01 00 Series 

AH0100C Series 
Storage Temperature Range 
Lead Temperature ISoldering, 10 sec) 

High Medium 
Level Level 

36V 
30V 
25V 
22V 
25V 
±6V 
±6V 

30 mA 

34V 
25V 
25V 
22V 
25V 
±6V 
±6V 

30 mA 
See Curve 

-55°C to +125°C 
_25° C to +85° C 

_65°C to +150°C 
300°C 

electrical characteristics for "HIGH LEVEL" Switches INote 1) 

PARAMETER SYMBOL 
DUAL 
DPST 

DEVICE TYPE CONDITIONS 

DUAL DPDT SPDT 
SPST (OIFF) (DIFF) 

v+" 12.0V, v~" -18.0V, VA '" O.OV 

LIMITS 

UNITS 
TVP MAX 

Logic "1" 

Input Currenl 
All ClfCUlts Note 2 ~t;~!~Ra;~~~2~.0~~,~~~--~~~:7-

Logic "0" 

Input Current 

Positive Supply Current 

Switch ON 

Negative Supply 

Current SWitch ON 

Reference Input 

(Enaole) ON Current 

POSitive Supply 

Current SWitch OFF 

Negative Supply 

Current SWitch OFF 

Reference Input 
(Enable) OFF Current 

'+(OFFI 

IR(OFFI 

SWitch ON ReSistance r d.ION) 

Driver Leakage Current (\0 + IsloN 

All Clfculls 

All Circuits 

All CircUits 

.AII CI(cults 

All CircUits 

All C,rcults 

AH0126 AH0134 AH0142 AH0143 

AH0129 AH0133 AH0139 AH0141\ 

AH0140 AH0141 AH0145 AHOt46 

All CirCUits 

Switch Leakage 
Current 

IS(OFF) OR AH0126 AH0134 AH0142 AH0143 

IOIOFFI AH0129 AH0133 AH0139 AH0144 

SWitch Leakage 

Current 
IS(OFFIOR 

IOIOFFI 

SWitch Turn·ON Time tON 

Switch 'rurn·ON Time tON 

SWitch Turn·OFF Time tOFF 

Switch Turn-OFF Time tOFF 

AH0140 AH0141 AH0145 AH0146 

AH0126 AH0134 AH0142 AH0143 

AH0129 AH0133 AH0139 AH0144 

AH0140 AH0141 AH0145 AH0146 

AH0126 AH0134 AH0142 AH0143 
AH0129 AH0133 AH0139 AH0144 

AH0140 AH0141 AH0145 AH0146 

Note 2 
Over Temp Range 

01 1 llA 
2.0 pA 

One Driver ON Note 2 
22 3.0 

3.3 
rnA 
rnA 

One Driver ON Note 1 
TA=25"C -1.0 -1 B 
Over Ternp Range 2.0 rnA 

One Driver ON Note 2 

VIN1 VIN2 -' O.SV 

~:e~ ~:~Aange-~~ =~:: _.:: 
~e~ ~!:~~a;g€- ~ -*- ~: 
TA = 2SoC -1.0 -to pA 
Over Temp Range I--- ~ ~ 

~~e; ~::~ Range _-1~.0·'---r-.:2';'~C-+-C:~C;C-: 
VD -'. tOV 

10 = 1 rnA 

T A ~ 25"C 45 so n 
Over Temp Range 150 Q 

Vo = tOV 
10= 1 mA 

Vo = tOV 

IF"" 1 mA 

Vo=VsoO-10V 

VOS = ±20V 

Vas = ±20V 

Over Temp Range 

T A = 25"C 

Over Temp Range 

TA = 25"C 

Over Temp. Range 

Over Temp. Range 

Over Temp. Range 

See iest Circuit 

V A =±10V T A =25°C 

See Test Circuit 

VA'" ±10V TA = 25°C 

See Test Circuit 

VA "'±10V TA~25°C 

See Test CirCUit 

V A =±10V T A =25°C 

.01 

0.5 

DB 

0.9 

1.1 

30 n 
60 n 
10 n 20 n 

100 

100 

10 
1.0 

O.B 

1.0 

1.6 

2.5 

nA 

nA 

nA 

nA 

nA 

"' 
"' 

"' 
"' 

Note 1: Unless otherWise specified these lim'its apply for -5SoC to +125°C for the AH0100 series 
and -25°C to +85°C for the AH0100C series. All typical values are for T A:;; 2SoC. 

Note 2: For the DPST and Dual DPST, the ON condition IS for VIN = 2.5V; the OFF condition 
is for VIN " O.8V. For the differential switches and SW1 and 2 ON, VIN2 " 2.5V, VIN1 " 3.0V. 
For SW3 and 4 ON, VIN2 " 2.5V, VIN1 " 2.0V. 
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CI) electrical characteristics for "MEDIUM LEVEL" Switctjes (Note 1) 
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OEVICE TYPE CONDITIONS 

PARAMETER SYMBOL 
DUAL DUAL DUAL SPOT 

DPST SPST DPDT (DIFFI 
v" '" +15.0V, V- '" -15V, V R = OV 

Logic "1" 
IINION! All ClrCUIls Note 2 

TA ~ 25"C 

Input Current Over Temp Rar'lge 

Logic "0" 
IINIOfFI All Circuits Note "2 

TA = 25"C 
Input Current Over Temp. Range 

Positive Supply 
!'IOI\jI AI! CirCUits One Dnver ON Note 2 ~i~::~.Ra~ Current Switch ON 

Negative Supply 
I-ION I AI! ClrcullS One Driver ON Note 2 ~~e;~~ Current SWitch ON 

Reference Input 
IRIONI AI! CI(CUlts One OrNer ON Note 2 

TA = 2SnC 

{Enable) ON Current Over Temp. Range 

Poslhve Supply 
I' (OFFI All CirCUits V IN1 - V 1N2 - DaV 

TA = 2S-°C 
Current SWitch OFF Over Temp Range 

Negative Supply 
I-IOFFI All Circuits VINt ~ V IN :?- o 8V 

TA=2~ ___ ~ 
C~rrent SWitch OF F Over Temp. Ra~ge 

Reference Input 
IRIOFFJ All CirCUits V IN ! V 1N2 0.8V TA~25~~ 

(Enable) OFF Current Over Temp. Range 

Switch ON ReSistance AH0153 AH0151 AH0163 AH0161 
VD 7.5V TA = 25°C 

rel.ION) 10 ~ , mA Over Temp. Range 

Switch ON Resistance AH0154 AH0152 AH0164 AH0162 
VD 75V ~A 25°C_-;::;-----

rel.ION) to = , mA Over Temp. Range 

Driver Leakage Current (10 + ISJ ON At! Circuits '-7.5V 
TA =25"C 

Vo V~ Over Temp. Range 

Switch Leakage 10'OFF1OR AH0153 AHQ151 AH0163 AH0161 Vos :t15V 
TA = 25Q C 

Current IS!DFFJ Over Temp Range 

Switch Leakage IOIDFFIOR AH0154 AH0152 AH0164 AH0162 VDS :t150V 
TA "'25Q C 

Current ISlOFFI Over Temp. Range 

See Test Circuit 

Switch Turn-ON Time tON AH0153 AH0151 AH0163 AH0161 VA -' U.5V 
TA = 25°C 

See Test Circuit 
Switch Turn-ON Time tON AH0154 AH0152 AH0164 AH0162 VA ~ ±7.5V 

TA -' 25°C 

See Test CirCUit 
Switch Turn-OFF Time tOFF AH0153 AH0151 AH0163 AH0161 VA 1.7.5V 

TA '- 2SoC 

See Test CirCUit 

Switch Turn-OFF Time tOFF AH0154 AH0152 AH0164 AH0162 VA=±7.5V 

TA=.2S"C 

Note 1: Unless otherwise specified, these limits apply for -55°C to +12SoC for the AH0100 series 
and -2SoC to +85°C for the AH0100C series. All typical values are for TA = 2SoC. 

Note 2: For the DPST and Dual DPST, the ON condition, is for VIN = 2.5V; the OFF condition 
is for VIN ~ O.8V. For the differential switches and SW1 and 2 ON, VIN2 ~ 2.5V, VIN1 ~ 3.0V. 
For SW3 and 4 ON, VIN2 ~ 2.5V, VIN1 ~ 2.0V. 
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LIMITS 

UNITS 

TYP MAX 

20 60 "A 
120 "A 

01 0.1 "A 
2 "A 

f--3.2 3.0 mA 
3.3 mA 

-1.0 -1~_ ~ -20 mA 

-1.0 -1.4 mA 
-1.6 mA 

10 10 "A 
25 "A 

~- -=:.'-"-- "A 
-25 -}iA-

f-C.'O -10 "A 
-25 "A 

1~_ '-~~ __ ~~ n 

~~-~- f-f,-
01 nA' 

500 nA 

10 nA 
1.0 "A 

1.0 2.0 nA 

200 nA 

0.8 1.0 "S 

0.5 0.8 "S 

I' 2.5 "S 

09 I.S "' 



typical performance characteristics 
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Power Dissipation 
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TEMPERATURE (' G) 

rds(ON) vs Temperature 
AH01501 AH0160 Series 

r- '"'" 
t--AHD154.AHD151-

'--r-
I-- AHO'r' Ar'1:: 

f-
f-

I-
AH0153, AHOI51,_ 

y+ :: +15\1 
AH0'i6J: AtD161' = 

1,1-" -15\1 
Vo:: 1.5V 

I I I Is ,,1 rnA 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE n:) 

1.4 

"< 2.0 
.§ 

~ 1.6 

8 ,,2 

> 

~ 0.8 

~ 0.4 

1000 

~ 
Q 

.E 1.0 

0.1 

ON Supply Current 
vs Temperature 

f-~Nl 

- I-IONI 

- i""'" ~RlONI 

-75-W -250255075100 125 
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1. INPI:.IT LOGIC COMPATIBILITY 

A. Voltage Considerations 

In general, the AH0100 series is compatible with 
most DTL,TTL, and RTL logic families. The ON· 
input threshold is determined by the V BE of the 
input transistor plus the VI of the diode in the 
emitter leg, plus I x R" plus VR. At room 
temperature and V R ~ OV, the nominal ON thres· 
hold is: O. 7V +0. 7V +O.2V:= 1.6V.Over temr:\erature 
and manufacturing tolerances, the threshold may 
be as high as 2.5V and as low as O.SV. The rules 
for proper operation are: 

Y'N - V R ;:. 2.5V All switches ON 

Y'N - V R S O.SV All switches OFF 

~
' 

v'" + _ ..... ~_ 

"':1 .,'-",' 
0, 

. '. 

B. Input Current Considerations 

I'NION), the current drawn by the driver with 
Y,N, ~ 2.5V is typically 20 IlA at 25°C and is guar· 
anteed I,ess than 120 IlA over. temperature. DTL, 
such as the DM930 series can su pply lS0 IlA at 
logic "1" voltages in excess of 2.5V. TTL output 
levels are comparable at 400 IlA. The DTL and 
TTL can drive the AH0100 series directly. How· 
ever, at low temperature, DC noise margin in the 
logic" 1" state is eroded with DTL A pull·up reo 
sistor of 10 kQ is recommended when using DTL 
over military temperature range. 

If more than one driver is to be driven by a DM930 
series (6KI gate, an external pull·up resistor should 
be added. The value is given by: 

11 
Rp ~ N _ 1 for N > 2 

where: 

Rp ~ value of the pull·up resistor in kQ 

N ~ number of drivers. 

C. Input Slew Rate 

The slew rate of the logic input must be in excess 
of 0.3V IllS in order to assure proper operation of 
the analog switch. DTL, TTL, and RTL output 
rise times are far in excess of the minimum slew 
rate requirements. Discrete logic desillns, however, 
should include consideration of input rise time. 

2. ENABLE CONTROL 

The application of a positive signal at the V R 

5·8 

terminal will open all switches. The V R (ENABLEI 
signal must be capable of rising to within O.SVof 
V,NION) in the OFF state and of sinking IRION) 
milliamps in the ON state (at V'NION) - VR > 
2.5VI. The V R terminal can be driven from most 
TTL and DTL gates . 

3. DIFFERENTIAL INPUT CONSIDERATIONS 

The differential switch driver is essentially a differ· 
ential amplifier. The input requirements for proper 
operation are: 

IV,N , - V ,N2 1::: 0.3V 

2.5:S (V ,N1 or V ,N21 - VR:S 5V 

'The differential driver may be furnished by a DC 
level as shown below. The level may be derived 
from a voltage divider to V+ or the 5V Vee of 
the DTL logic. In order to assure proper operation, 
the divider should be "stiff" with respect to I,N2' 
Bypassing R 1 with a 0.1 IlF disc capacitor will 
prevent degradation of tON and tOFF' 

"IV 

~~ .. " 
DM7400 

v~ + ___ v. + __ _ 

' .. - --- ---
ZiV v, Olf i! v. 

-::' v "::' lIV 

Alternatively, the differential driver may be driven 
from a TTL flip·flop or inverter. 

Connection of almA current source between V R 
and V- will allow operation over a ± 1 OV common 
mode range. Differential input voltage must be less 
than the 6V breakdown, and input threshold of 
2.5V and 300mV differential overdrive still prevail. 

CMRA~~~ 1 



4. ANALOG VOLTAGE CONSIDERATIONS 

The rules for operating the AH0100 series at 
supply voltages other than those specified essen· 
tially breakdown into OFF and ON considerations. 
The OFF consideratiGns are dictated by the maxi· 
mum negative swing of the analog signal and the 
pinch off of the JFET switch. In the OFF state, 
the gate of the FET is at V- + VSE + VSAT or 
about 1.0V above the V- potential. The maximum 
V p of the FET switches is 7V. The most negative 
analog voltage, VA. sWlllg which can be aecomo· 
dated for any given supply voltage is: 

IVAI"SIV-I- V p - VSE - VSAT or 

IV AI::;IV-I-B.O or IV-I:::IV AI+B.OV 

For the standard high level switches, VA <1- lBI 
+B ~ -10V. The value for V+ is dictated-by the 
maximum positive swing of the analog input volt
age. Essentially the collector to base junction of 
the turn·on PNP must remain reversed biased for 
all positive value of analog input Voltage. The base 
of the PNP is at V+ - VSAT - VSE or V+ - 1.0V. 
The PNP's collector base junction should have at 
least 1.0V reverse bias. Hence, the most positive 
analog voltage swing which may be accommodated 
for a given value of V+ is: 

typical applications 

V A "S V+ - 2.0V or V+ :;;, V A + 2.0V 

For the standard high level switches, V A ~ 12 -
2.0V ~ +10V. 

5. SWITCHING TRANSIENTS 

Due to charge stored in the gate·to·source and 
gate·to·drain capacitances of the FET switch, tran· 
sients may appear in the output during switching. 
This is 'particularly true during the OFF 'to ON 
transition. The magnitude and duration of the 
transient may be minimized by making source 
and load impedance levels as small as practical. 

Furthermore, transients may be minimized by 
operating the switches in the differential mode; 
i.e., the charge delivered to the load during the 
ON to OFF transition is, to a large extent, can· 
celled by the OF F to ON transition. 

Programmable One Amp Power Supply 

'" "' 
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"'Note: All resistors are 0.1% 
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typical applications (con 't) 
Four Channel Differential Transducer Commutator 
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Note: S1 must be open for 511ps min"to take first reading with IL " 50 rnA. SecDnd relding ~ 
tlken witt. S2 closed. Witll S1 and other set-up forcing functions under computet control, system 
will measure line and load regulation on voltage regulaton, voltage gain, offset current, CMRR and 
PSRR on op amps IS MIl as other circuits requiring measurement of the change of a parameter 
with thl change ofa forcing functIon. 

Analog Input Range - 17,5V 

EOUT ... lOx (Analog Input 2 - Analog Input 1) 

Error Rate - 0,01% F.S./set 

Precision Lo~g Time Constant Integrator with Reset Four Channel Commutator 

Integration InterRlI= 10 sec 
-Integration Error" 100.l.lV 

Reset Time: 3DJ,4 
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Analog Signal Range: 15Vp .p 

Sample Rate: 1 MHz 
Acquisition Time: 20.1.15 
Drift Rate: 0.5 mY/sec 



~ Analog Switches 

NAnONAL 

AH2114/AH2114C DPST analog switch 
general description 
The AH2114 is a DPST analog switch circuit com
prised of two junction FET switches and their 
associated driver. The AH2114 is designed to fulfill 
a wide variety of high level analog switching appli
cations including multiplexers, A to 0 Converters, 

integrators, and choppers. Design features include: 

• Low ON resistance, typically 75U 

• High OFF resistance, typical." 10"\2 

• Large output voltage swing, typically ±10V 

schematic and connection diagrams 

"' 108K 

" 10aK 

"' 10.SK 

ac test circuit and waveforms 

:r-l,':.:, 
':'1 I-=--

V OUTl 

FIGURE 1. 

5-11 

• Powered from standard op-amp supply voltages 
of ±15V 

• Input signals in excess of 1 MHz 

• Turn-ON and turn-OFF times typically 1 Jls 

The AH2114 is guaranteed over the temperature 
range _55° C to + 1250 C whereas the AH2114C is 
guaranteed over the temperature range 0 C to 
+85°C. 

Circuit IS shown 
WIth VS(,J logic "t." 

Metal Can Package 

Order Number AH21 14G or AH21 14CG 
See Package 7 

FIGURE 2. 
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absolute maximum ratings 

Vplus Supply Voltage +25V 
Vmlnus Supply Voltage -25V 
Vpius--Vminus Differential Voltage 40V 
Logic Input Vol~age 25V 
Power DIssipation (Note 3) 136W 
Operating Temperature Range 

, AH2114 -55'C to +125'C 
AH2114C O°C to +85°C 

Storage Temperature Range -65°C to +125"C 
Lead Temperature (Soldering, 10 sec) 300e C 

electrical characteristics (Notes 1 and 2) 

AH2114 AH2114C 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Static D.ral!l·Sourcl; 10 - 1.0 rnA, VGS - OV, TA -',25'C 75 10O 75 125 ,!2 
"On" Resistance 10 = 1.0 rnA, V GS '-- OV 150 16O !I 

Drain-Gate Vos -= 20V, V GS - TA -' 25 C 0,2 1.0 0,2 5,0 nA 
Leakage Current 60 60 nA 

FET Gate-Source IG = 1.0~A 35 35 V 
Breakdown Voltage VDS - OV 

Drain-Gate V DG =2DV,ls-'-O 4,0 5,0 4,0 5,0 pF 
Capacitance f ~ 1.0 MHz, T A - 25'C 

Source-Gate VaG 20V, 10 =0 4,0 5,0 4,0 5,0 pF 
Capacitance f 1.0MHz, TA '-- 25'C 

Input 1 Turn-ON Time VIN1 10V, TA 25 C 35 60 35 60 ns 
(See Figure 1) 

Input 2 Turn-ON Time V1N2 - lOV, TA 25 C 1 2 1.5 L2 1.2 J-'s 
(See Figure ",) 

Input 1 Turn·OFF Time V IN1 CO- 10V, T A c 25'C 06 0.75 0.6 0.75 ~s 

(See Figure 1) 

Input 2 Turn"OFF Time V1N2 = 10V, T A - 25 C 50 80 50 80 ns 
(See Figure 1) 

DC Voltage Range TA 0 25°C +90 +10.0 -1:9.0 ± 10.0 V 

(See Figure 2) 

AC Voltage Range TA 0 25-C :±-9.D '±lO.D '±9.0 +10,0 V 
jSee Figure 2) 

Note 1: Unless otherwise specified these specifications apply for pin 12 connected to +15V, pin 2 
connected to -15V, _55°C to 125°C for the AH2114, and OOC to 85°C for the AH2114C. 

Note 2: All typical-values are for T A'" 25°C. 

Note 3: Derate linearly at 1000 C/W above 25°C. 
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~ 
Analog Switches 

NATIONAL 

AM9709/ AM97C09/ AH5009 series monolithic analog current switches 

general description 
A versatile family of monolithic JFET analog switches 
designed to economically fulfill a wide variety of multi
plexing 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. 

The AM97C09 series is specifically intended to be driven 
from CMOS providing the best performance at lowest 
cost. 

applications 
• AD/DA converters 

• Micropower converters 

• Industrial controllers 

• Position controllers 

• Data acquisition 

connection diagrams 
Dual-In-Line Package 

TOPVIEW 

Order Numbers 

" 
\3 

12 

11 

10 

AM9709CN, AM97C09CN, AH5009CN, AH5013CN, 
AM971OCN, AM97Cl0CN, AH5010CN, AH5014CN 

See Package 17 

• Active filters 

• Signal multiplexers/demultiplexers 

• Multiple channel AGC 

• Quad compressors/expanders 

• Choppers/demodulators 

• Programmable gain amplifiers 

• High impedance voltage buffer 

• Sample and hold 

features 
• Interfaces with standard TTL and CMOS 

• On-resistance match 

• Low "ON" resistance 

• Very low leakage 

• Large analog signal range 

• High switching speed 

• Excellent isolation between 
channels 

Dual-In-Line Package 

16 

15 

14 

\3 

12 

11 

10 

TOPVIEW 

Order Numbers 

2 ohms 

100 ohms 

50 pA 

±10V peak 

150 ns 

80 dB 
at 1 kHz 

AM9711CN, AM97CllCN, AH5011CN, AH5015CN, 
AM9712CN, AM97C12CN, AH5012CN, AH5016CN 

See Package 18 

functional and schematic diagrams (Additional type on other pages) 

MUX Switches SPST Switches 
(4-Channel Version Shown) (Quad Version Shown) 
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absolute maximum ratings 

Input Voltage 
AM9709-l:1CN, AH5009-24CN 30V 
AM97C09-l2CN 25V 

Positive Analog Signal Voltage 30V 
Negative Analog Signal Voltage -15V 
Diode Current 10mA 
Drain Current 30mA 
Power Dissipation 500mW 
Operating Temperature Range -250 C to +85° C 
Storage Temperature Range -65°C"to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics 

AM9709, AM97C09, AH5009 (Notes 1 and 2) 

SVTTL SV TTL 5V-l0V CMOS 

PARAMETER CONDITIONS AM9710CN AHS010-16 AM97Cl0CN UNITS 
AM9712CN (EVEN SERIES) AM9712CN 

TYP MAX TYP MAX TYP MAX 

IGsx Input Current "OFF" V GO -l1V, Vso-0.7V 0,01 2 0,01 0.2 nA 

T A o8S"C 100 10 nA 

IGsx Input Current "OFF" VGO = 15V, VSD ° 0.7V 0,01 2 nA 

TA o8Sc C 100 nA 

IO(OFF) Leakage Current "OFF" Vso ° O.7V, V GS ° 3.8V 0.01 0.2 0.01 0.2 nA 

T A ~ 8S"C 10 10 nA 

IO(OFF) Leakage Current "0 F F" Vso ° 0.7V, V Gs o4.3V 0.01 2 nA 

T A ~ 8S'C 100 nA 

'G(ON) Leakage Current "ON·" V GO =OV, Is = 1 mA 0.08 1 0.08 1 0,08 1 nA 

TA ~ 8S"C 200 200 200 nA 

'G(ON) Leakage Current "ON" VGO = OV, Is '= 2 mA 0.13 S 1000 0.13 S nA 

TA ~ 8S"C 10 10 10 IlA 

'G(ON) Leakage Current "ON /I VGD~OV,Js=-2mA 0.1 10 100 0,10 10 nA 

T A ~ 8S"C 20 100 20 /lA 

rOS(ON) Drain-Source Resistance V GS 0.35V, Is ~ 2 mA 90 150 90 150 12 
TA ° +85'C 240 240 n 

fOS(ON) Drain-Source ReSistance V GS =QV, Is =- 2mA 90 150 12 
T A :::85"C 240 n 

VOIODE Forward Diode Drop ID ~ O,5mA 0,8 0,8 V 

rOSION) Match V GS =: 0,1 0 = 1 mA 4 20 50 4 20 n 

TON Turn "ON" Time See ac Test Circuit 150 500 150 500 150 500 ns 

T OFF Turn- "OF F" Time See ac Test Circuit 300 500' 300 500 300 500 ns 

CT Cross Talk See ac Test Circuit 120 120 120 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. 



electrical cha racteri stics (con't) 

15V TTL 15V TTL 10-15VCMOS 

AM9109CN AH5009-15 AM91C09CN 
J>ARAMETER CONDITIONS AM9111CN (ODD SERIES) AM91C11CN UNITS 

TYP MAX TYP MAX TYP MAX 

'GSX Input Current "OFF" V GO = l1V, Vso =0.7V 0.01 2 0.01 0.2 nA 

TA = 85"C 100 10 nA 

IGsx Input Current "OFF" VGO = 15V, Vso = 0.7V 0.01 2 nA 

TA = 85"C 100 nA 

IOIOFF) Leakage Current "OFF" Vso = 0.7V, V GS = 9.3V 0.01 2 nA 

TA = 85"C 100 nA 

IOIOFFJ Leakage Current "OFF" Vso = 0.7V, VGS = 10.3V 0.01 2 0.01 0.2 nA 

TA = 85"C 10 10 nA 

'G(ONI Lea~age Current "ON" VGo=OV,ls=1 mA 0.04 0.5 0.04 0.5 0.04 0.5 nA 

TA = 85"C 100 100 100 nA 

'GION) Leakage Current "ON" VGO =OV,l s =2mA 0.07 2 2 0.07 2 nA 

TA = 85"C 1 2 1 J.!A 

'GIONI Leakage Current "ON" V GO = OV,ls = -2 mA 0.05 5 100 0.05 5 nA 

TA = 85"C 2 20 2 J.!A 

rastON) Drain-Source Resistance V GS =OV,l s =2mA .60 100 n 
TA = 85"C 160 n 

rOSION) Drain-Source Resistance V GS = 1.5V, Is = 2 mA 60 100 60 100 n 
TA = 85"C 160 160 n 

VOIODE Forward Diode Drop 10 = 0.5 mA 0.8 0.8 V 

rostoN) Match V GS = 0, 10 = 1 mA 2 10 50 2 10 n 

TON Turn "ON" Time See ae Test Circuit 150 500 150 500 150 500 ns 

TOFF Turn "OFF" Time See ae Test Circuit 300 500 300 500 300 500 ns 

CT Cross Talk See ae Test Circuit 120 120 120 dB 

" , 

" " " 

5-15 



en 
o 
o 
L() 

l: « 
........ 
en 
o o ,... 
en 
:E « 
........ 
en 
o 
G; 
:E « 

schematic diagrams and pin connections 

Four Channel 

AM97C09CN (ROS(ON) S loon, 10-.15V CMOS) 
AM97Cl0CN (ROS(ON) S 150.11, 5-10V CMOS) 
AM9709CN, AH5009CN (ROS(ON) S loOn, 15V TTL) 
AM971.OCN, AH5010CN (ROS(ON) S 150.11, 5V TTL) 

11 

10 0--4~----' 

120---41-----' 

14-Pin DIP 

AH5013CN (ROS(ON) S lOon, 15V TTL) 
AH5014CN (ROS(ON) S 150.11, 5V TTL) 

,2 o--4I~-, 

,.--+-011 

10~---4I~------~ 

14-Pin DIP 

Three-Channel 

test circuits and switching time waveforms 

AM97Cl1CN (ROS(ON) S lOOn, 10-15V CMOS) 
AM97C12CN (ROS(ON) S 150.11, 5-10V CMOS) 
AM9711CN, AH5011CN (ROS(ON) S lOOn, 15V TTL) 
AM9712CN, AH5012CN (ROS(ON) S 150.11, 5V TTL) 

110--1P---, 

12o----4I~------~ 

14 o--4I~-" 

130---~'-------~ 

16-Pin DIP 

AH5015CN (ROS(ON) S lOon, 15V TTL) 
AH5016CN (ROS(ON) S 150.11, 5V TTL) 

110--1P--.., 

12 0----41>-------..... 

16-Pin DIP 

16 

Cross Talk Test Circuit ac Test Circuit 

n'~ 
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'" 
v," 
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V OUT 
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t, =I f ::;O.lj1s 

VOUT 

nv 

nv 

VOUT 

VA, =-10V 



typical performance characteristics 

Parameter Interaction 
Leakage Current, IOIOFFI 
vs Temperature 

On Resistance, rOS(ON) 
vs Temperature 

1000 =,.....-~-O::C,......--:=c---.-,,...,,.."'" 
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TEMPERATURE eCI 

Cross Talk, CT vs Frequency 
Leakage Current vs 
Drain-Gate Voltage 

Transconductance vs 
Drain Current 
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applications information 

Theory of Operation 

The AM/AH series of analog switches are primarily 
intended for operation in current mode switch applica· 
tions; i.e., the drains of the FET switch are held at' or 
near ground by operating into the summing junction of 
an operational amplifier. Limiting the drain voltage to 
under a few hundred millivolts eliminates the need for a 
special gate driver, allowing the switches to be driven 
directly by standard TTL (AM97101. 5V-l0V CMOS 

5·17 

u 
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Normalized Drain 
Resistance vs Bias 
Voltage 
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o 0.2 0,4 0,6 0,8 1.0 

:VGS/VGS(OfFI1- NORMALIZED GATE· 
TO·SOURCE VOLTAGE IVI 

(AM97Cl0), open collector 15V TTL (AM97091. and 
10-15V CMOS (AM97C09). 

Two basic switch configurations are available: multiple 
independent switches (N by SPST) and multiple pole 
switches used for multiplexing (NPST·MUX). The MUX 
versions such as the AM9709 offer common drains and 
include a series FET operated at V GS = ,OV. The addi· 
tional F ET is placed in feedback path in order to 
compensate for the "ON" resistance of the switch FET 
as shown in Figure 1. 
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applications information (con't) 

The closed·loop gain of Figure l'is: 

R2 + rOSION)Q2 
AVCL 

R1 + rOSION)Ql 

For R j = 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 R1 = R2 = 10 k!1). 

'Noise Immunity 

The switches with the source diodes grounded exhibit 
improved noise immunity for positive' analog signals in 
the "OFF" state. With V 1N = 15V and the VA = 10V, 
the source of 01 is clamped to about 0.7V by the diode 

, (V GS = 14.3V) ensuring that ac signals imposed on the 
10V will not gate the FET "ON." 

Selection of Gain Setting Resistors 

Since the AMI AH series of analog switches are operated 
current mode, it is generally advisable to rnake'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, 
'GION) represents a finite error in, the current reaching 
the summ ing 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: 

Rl IM1N ) ~ 
VAIMAX) AD 

IGION ) 
(2a) 

or: 

~ 
V AIMAX) 

108s/1O 
(2b) 

whichever is worse. 

Where: V AIMAX) Peak amplitude of the analog 
input' signal 

AD Desired accuracy 

IGION ) Leakage at a given Is 

loss Saturation current of the FET 
'switch 

= 20 mA 

R1 

ANI~~~~ VA. o--'III""k ..-t---, 

FIGURE 1. Use of Compensation FET 

.2 
"k 

In a typical application, VA might = ±10V, AD = 0.1%, 
O°C S T A S 85°C. The criterion of equation (2b) 
predicts: 

10V 
R1IMIN) 5 kfl ~ 

20 mA 

10 

For R 1 = 5k, Is = 1 OV 15k or 2 mAo The electrical 
characteristics guarantee an IGION) S 1pA at 85°C for 
the AM9710. Per the criterion of equation (2a): 

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 02, 
10IOFF) represents a finite error in the current arriving 
at the summing junction of the op amp, 

Accordingly: 

VAIMIN) AD 
R1 IMAX) S 

(N) 10IOFF) 

Where: VAIMIN) 

AD 

N 

10IOFF) 

Minimum value for the analog 
input signal 

Desi red accu racy 

Number of channels 

"OFF" leakage of a given FET 
switch 

As an example, if N = 10, AD = 0,1%, and 10IOFF) 
S 10 nA at 85°C for the AM9709, R 1 IMA\X) is: 

(lV)(10-3 ) 

R1 IMAX) < 10k 
- (10)(10 x 10-9) 

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. 

VA" +10V 0--'111.,,..,..-0-.... _--;+ 

FIGURE 2. On Leakage Current, IGIONI 

'2 



applications information (con't) 

TTL Compatibility 

Two input logic drive versions of AMI AH series are 
available: the even numbered part types are specified to 
be driven from standard 5V·TTL logic and the odd 
numbered types from 15V open collector TTl. 

Standard TTL gates pull·up to about 3.5V (no load). 
In order to ensure turn·off of the even numbered switches 
such as AM9710, a pull·up resistor, REXT , of at least 
10 kD should be placed between the 5V Vee and the 
gate output as shown in Figure 4. 

Likewise, the open·collector, high voltage TTL outputs 
should use a pull·up resistor as shown in Figure 5. In 

R1 

both cases, t(OFF) is improved for lower values of REXT 
and the expense of power dissipation in the low state. 

CMOS Compatibility 

The cost effective AM97C09 series of switches is 
optimized for CMOS drive without resistor pull·up. The 
AM97Cl0's and AM97C12's are specified for 5V-l0V 
operation while the AM97C09's and AM97Cll's are 
specified for 10V-15Voperation. 

Definition of Terms 

The terms referred to in the electrical characteristics 
tables are as defined in Figure 6. 

FIGURE 3. 
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applications information (con't) 

R, 

SHUNT ___ 

ELEMENT 

ROS(ONI COMPENSATING 
ElEMENT 

FIGURE 6. Definition of Terms 

typical applications 
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Gain Programmablj! Amplifier 
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GAIN SElECT 

3-Channel Multiplexer with Sample and Hold 

CHANNEl 
SAMPLE/HOLD SELECT 

SElECT 
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10k 

TYPICAL OUTPUT 
VOLTAGE DRIFT 
<5mV/sec 



typical applications (con't) 

16~Ghannel Multiplexer 
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EOUT 

CHARACTERISTICS: ERROR'" 1I.4jJV TYPICAL @25Q C 
10,uV TYPICAl@ 70°C 

Note: The analog switch between the op amp and the 16 input 
switches reduces the errors dueto leakage. 

All resistors are 10k 
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typical applications (con't) 

8-Bit Binary (BCD) Multiplying DIA Converter 

10k r-------, 
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~ 
Analog Switches 

NAnONAL 

AM1000.AM1001.AM1002 silicon N-channel 
high speed analog switch 

general description 

The AM 1 000 series are ju nction F ET integrated cir
cuit analog switches. These devices commutate 
faster and with less voltage spiking than any other 
analog switch presently available. By comparison, 
discrete JFET switches require elaborate drive cir
cuits to obtain reasonable performance for high 
toggle rates. Encapsulated in a four pin TO-72 
package, these units require a minimum of circuit 
board area. Switching transients are greatly reduced 
by a monolithic integrated circuit process. The 
resulting analog switch device provides the follow
ing features: 

• Low ON Resistance 

• High Analog Signal Frequency 

3011 

100 MHz 

schematic and connection diagram 

TO-72 Package 

"""~'"'' OlJnUT I ~ 

~N,~~~~ 1 1 V.'A' 

Order Number AM1000H 
or AM1001H or AM1002H 

See Package 8 

typical applications 

± 10 Volt Swing Analog Switch 0.5% Accuracy 

5-23 

• High Toggle Rate 

• Low Leakage Cu rrent 

• Large Analog Signal Swing 

• Break Before Make Action 

4 MHz 

250 pA 

±15V 

The AM1000 series of analog switches are particu
larly suitable for the following applications: 

• High Speed Commutators 

• Multiplexers 

• Sample and Hold.Circuits 

• Reset Switching 

• Video Switching 

equivalent circuit 

±15 Volt Swing Analog Switch 

r -- AiI1iii1 
AH"'lOIlJ~"'HAlOG 

INPUT I ! I OUTPUT 
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absolute maximum ratings 

VIN INote 1) 
V OUT (Note 1) 

VORIVE INote 1) 

V B1AS (Note 11 

AM1001 

+~iOV 

+bOV 
--sav 
+50V 

AM1000 
AM1002 

+40V 
.+40V 
-40V 
+40V 

electrical characteristics 
ON CHARACTERISTICS (Note 2) 

PARAMETER CONDIT!ON 

VOAIVE = +15V, VS1AS'o- -15V 
liN -" 1 mA, V OUT = OV 

VORIVE = +lOV, V S1AS ~ -lOY 
!IN -' 1 rnA, V.ouT = OV 

OFF CHARACTERISTICS 

PARAMETER CONDITION 

IOUTIOFFI VORIVE ~ -20V, V SIAS =- -lOV 

V" - 10V, VOUT +10V 
TA ~ +25"C 

TA =+125"C 

lOUT IOF,FI VORIVf - -20V, VSIAS - -lOY 
V IN = +10V, V OUT ~ -lOV 

TAO; __ 25 C 

T A -e,'125-C ( 

DRIVE CHARACTERISTICS (Note 3) 

PARAMETER CONDITION 

AM1001 

AM 1000 

AM1002 

MIN 

Power Dissipation @TA = 25~C 

Linear Derating Factor 
Power DisSipation @Tc -= 125~C 

Linear Derating Factor 
< Maximum JunCtion Operating Temperature 

Storage Temperature 
Lead Temperature (Soldermg, 10 sec) 

AM1000 
AM10Ql 

TYP 

05 
025 

05 
05 

MIN 

20 

20 
20 

MAX 

25 

25 

25 
25 

MIN 

TYP 

40 

25 
50 

MIN 

AM1002 

TYP 

05 
0.2 

05 
02 

TYP 

MAX 

50 

30 
100 

MAX 

I 

MAX 

IORIVE 
(Switch OFF) 

VORIVE - -20V, VelAS - -lOV AM 1000, 1001, 1002 
Y'N '-' ±10V, VOUT -' ±10V 

10 

SWITCHING CHARACTERISTICS 

PARAMETER CONDITION 
AM100d AM1001 AM1002 

MAX MAX MAX 

tON 
See SWitching Time 

100 150 200 

tOFF 
TestClrcult 

100 100 100 

30DmW 
17 mW/or; 

150mW 
6mWtC 

~55°C to +150°C 
+200"C 
+300°C 

UNITS 

UNITS 

,A 

"A 

,A 

pA 

UNITS 

mA 

UNITS 

Note 1: The maximum voltage ratings may be applied between any pin or pins SImultaneously. Power 
dissipation may be exceeded in some modes if the voltage pulse exceeds 10 rns. Normal operation will 
not cause excessive power diSSipation even In a "D.C," sWitching application. 

Note 2: All parameters are measured with external silicon diodes. See electrical connection diagram 
for proper diode placement. 

Note 3: I BIAS (Switch OFF) IS equal to I DRIVE (SWitch OFF). I(BIASI (SWitch ON), is equal 
to external diode leakage. 

Note 4: Rise and fall times of VOR IVE shall be 15 ns maXImum for sWitchIng tmie testing. 

switching time test circuit and waveforms 

r----OU.Tl 
I I 
, , I rI?;IF'""' I-IV: J : 100 

-=- I I-=-L __ -,_..J 
lN914 
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~ Analog Switches 
NATIONAL 

AM20091 AM2009C/MM4504/MM5504 
six channel MOS multiplex switches 

general description 

The AM2009/ AM2009C/MM4504/MM5504 are six 
channel multiplex switches constructed on a single 
silicon chip using low threshold P-channel MOS 
process_ The gate of each MOS device is protected -
by a diode circuit. 

features 
• Typical low "on" resistance 
• Typical low "off" leakage 
• Typical large analog voltage range 
• Zero inherent offset voltage 
• Normally off with zero gate voltage 

schematic diagram 

" U " 
" .L 

>---
" 

" 

'" 

, 

, 

150Q 
100 pA 

±10V 

" 

.L 

>---

Order Number 
AM2009F or AM2009CF 
MM4504F or MM5504F 

See Package 4 

typical applications 

TTl 
INPUTS 

ANALOG INPUTS 

TTL Compatible 6 Channel MUX 

ANAlOG 
OUTPUT 

" 

.L, 
>---

, 

5-25 

The AM2009/ AM2009C/M M4504/M M 5504 are de
signed for applications such as time division multi
plexing of analog or digital signals_ Switching 
speeds are primarly determined by conditions 
external to the device such as signal source imped
ance, capacitive loading and the total number of 
channels used in parallel. 

The AM2009/MM4504 are specified for operation 
over the -55°C to +125°C military temperature 
range_ The AM2009C/MM5504 are specified for 
operation over the _25°C to +85°C temperature 
range_ 

.L, 

, 

l-' 

I--- r-a 

m 
~ULK 

Pill nllmbersin parenthesis 
apply for the MM5404/ 
MM5504only . 

~ 

; 

1: . 
Order Number 

AM2009D or AM2009CD 
MM4504D or MM5504D 

See Package 1 

ADDRESS SELECT 
1-6 

ADDRESS SEleCT 
7-\2 

32 Channel MUX 

ANALOG 
OUTPUT 
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absolute maximum ratings (VeuLK =OV) 

Voltage on Any Source or Drain 
Voltage on Any Gate 
Positive Voltage on Any Pin 
Source or Drain Current 

-30V 
-35V 

Total Power Dissipation (at T A "" 2SoC) 
Power Dissipation - each gate circuit 
Operating Temperature Range AM2009 

900mW 
150mW 

-5SoC to +125°C 
- 2SoC to +8SoC 

Gate Current (forward direction of zener clamp) 

+0.3V 
50 mA 

0.1 mA 
AM2009C 

Storage Temperature Range _65°C to +150°C 

300°C Lead Temperature {Soldering, 10 sed 

electrical characteristics (Note 1) 

PARAMETER 

Threshold Voltage 

DC ON Resistance 

DC ON Resistance 

DC ON Resistance 

DC ON Resistance 

Gate Leakage 

Input Leakage 

Output Leakage 

Gate·Bulk Breakdown 
Voltage 

Source-Drain Breakdown 

Voltage 

Drain-Source Breakdown 
Voltage 

T ra nscond ucta nee 

Gate Capacitance 

I nput Capacitance 

Output Capacitance 

CONDITIONS 

VGS'" Vas, los = -11lA 

VGS -= -20V, los == -100 IlA, 
T A = 25°C 

VGS 0 -10V, VSB 0 -20V, 
los 0 -100!'A, TA 0 25°C 

VGS 0 -20V, los 0 -100 pA 

VGS =--lOV, VSB -= -20V, 

los=-100IlA 

VGS == -20V, Note 2 
Vas = -20V, Note 2, TA == 25°C 

Vos = -20V, Note 2 
Vos = -20V, Note 2, TA = 25°C 

V SD == -20V, Note,2 
VSD = -20V, Note 2, TA == 25' C 

1GB = -lOIlA, Note 2 

Iso'" -lOIlA, V GO == 0, 

Note 2 

los = -lOI1A, V GS '" D, 
Note 2 

Note 3, f == 1 MHz 

Note 3, f =' , MHz 

Note 3, f = 1 MHz 

LIMITS 

MIN TYP 

-1.0 

150 

500 

100 

100 

500 

-35 

-30 

-30 

4000 

4.7 

4.6 

1.6 

Note 1: Ratings apply over the speCified temperature range and VBUlK = 0, unless otherWise specified 

Note 2. All other pms grounded 

Note 3: Capacitance measured on dual·m·line pa.ckage between Pin under measurement to all othE'f pinS Capacitances are guaranteed by deSign 

typical performance characteristics 

"ON" Resistance vs Gate-to
Source Voltage 

-30 -25 ~29 -15 ~10 -5 

VGs!V) 

"ON" Resistance vs T 
Temperature 

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

Ii I V 
400 f--+-+-l-h-4.V1'--f--l 

I /' i i 
JOor--~ ~ 1 

! ./vos.-tOv:Vas'+210V I' 
J 200 f-r'-+ !'-'+--+--+---1-+1--1 

lO°rt~ 
0'--'--'-----'-'--'---'---' 

-50 -25 0 25 50 75 100125 

TENjPERATURE (Cj 
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Input Leakage Current vs 
Temperature 

100'000~ 
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~ 
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Analog Switches 

AM3705/AM3705C 8-channel MOS analog multiplexer 
general description 
The AM37051 AM3705C is an eight-channel MOS 
analog mUltiplex switch. TTL compatible logic 
inputs that require no level shifting or input 
pull-up resistors and operation over a wide range 
of supply voltages is obtained by constructing the 
device with low threshold P-channel enhancement 
MOS technology. To simplify external logic re
quirements, a one-of-eight decoder and an output 
enable are included in the device. 

Important design features include: 

• TTLlDTL compatible input logic levels 

• Operation from standard +5V and -15V supplies 

• Wide analog voltage range - ±5V 

• One-of-eight decoder on chip 

• Output enable control 

schematic and connection diagrams 

----~~~"'''"'''~~~~~~-

block diagram (MIL-STD-8068) 

CflAIIIIIIHIIIO'S 

Lhhhhhhh OOATAOUTPUT 

·BothV",hn'I." 'ot.",.lIv 
unn.ct.d.,'lh., one 0' 
both may bo ""d 
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• Low 0 N resi sta nce - 1 5012 

• I nput gate protection 

• Low leakage currents - 0.5 nA 

The AM3705/AM3705C is designed as a low cost 
analog multiplex switch to fulfill a wide variety of 
data acquisition and data distribution applications 
including cross-point switching, MUX front ends 
for AID converters, process controllers, automatic 
test gear, programmable power supplies and other 
military or industrial instrumentation applications. 

The AM3705 is specified for operation over the 
-55°C to +125°C military temperature range. The 
AM3705C is specified for operation over the -25°C 
to +85°C temperature range. 
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Order Number 
AM3705D or AM3705CD 

See Package 2 
AM3705F or AM3705CF 

See Package 5 

AM3705CN 

truth table 
lOGIC INPUTS 

" 

typical application 

!iee Package 18 

CHANNEL 

5, 
5, 
5, 
5, 
5, 

5" 
5, 

5" 

OFF 

Buffered 8"Channel Multiplex, Sample and Hold 
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absolute maximum ratings 

Positive Voltage on Any Pin (Note 1) 
Negative Voltage on AnY~PIn INote 1) 
Source to Drain Current 
Logic I nput Current 
Power DissipatIOn (Note 2) 
Operating Temperature Range AM3705 

AM3705C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

+0.3V 
-35V 

±30mA 
±D.l mA 
500 mW 

-55"C to +125°C 
- 25 <JC to +85°C 

c65"C to +150°C 
300"C 

electrical characteristics (Note 31 

PARAMETER 

ON ReSIStance 

ON Resistance 

ON Resistance 
AM3705 
AM3705C 

ON Resistance 

ON Resistance 

ON Resistance 

OFF Resistance 

Output Leakage CUHent 

AM3705 
AM3705C 

Data Input Leakage Current 

AM3705 
AM3705C 

Log,ie Input Leakage Current 

AM3705 
AM3705C 

SYMBOL CONDITIONS 

V IN = VSS; lOUT -- 100 fJA 

\,'IN "" -5V; lOUT -= -100fJA 

V ,N - -5V,IOUT - -100pA 

TA 1125'C 

TA - ,70 C 

V 1N ~5V; Voo -15V, 

lOUT, 100fJA 

V 1N av, VOO -15V, 

lOUT -100pA 

V IN -5V;V OD - -15V; 

lOUT -100fJ A 

VSS-VOUT 15V 
VSS - V OUT -= 15V; TA ~ 125"C 

VSS-VoUT-15V;TA 70C 

VSS - V 1N -= 15V 

VSS - V1N = 15V;TA """"' 125 C 

Vss - VI'N = 15V, TA 0 70'C 

Vss - VLoglcln -= 15V 

VSS-VLo9Icln 15V;TA =125'C 

Vss - V Log " In" 15V; TA - 70n e; 
Vss - +5.0V 

Vss - f5.0V 

MIN 

Voo 
3.0 

LIMITS 

TYP 

80 

160 

100 

150 

250 

1010 

0.5 
150 
35 

0.1 

25 
0.5 

.001 
05 
.05 

0.5 

3.5 

MAX 

250 

400 

400 
400 

10 
500 

500 

3.0 
500 
500 

1 
10 
10 

1.0 

Vss - 4.0 

Log,ie Inp~t LOW Leitel 

Logic Input LOW Level 

Logic Input HIGH Level 

Logic Input tllGH Level Vss-2.0 Vss+O.3 

Channel Switching Time-Positive 

Channel Switching Time·Negative 

Channel Separation 

Output Capacitance 

Data Input Capacitance 

Logic Input Capacitance 

Power Dissipation 

Note 1: All voltages referenced to VSS. 

t 

I Switchmg Time 300 
- I Test Circuit 600 

f " 1 kHz 62 

Vss-VouT"O;f" 1 MHz 35 

Vss-VoIP"O;f" 1 MHz 6.0 

Vss -, VLOQlc In = 0; f = 1 MHz 6.0 

Voo " -31V, Vss" OV 125 

Note 2: Rating applies for ambient temperatures to +2SoC, derate linearly at 3 mwtC for ambient, 
temperatures above +25°C. 

Note 3: Specifications apply for T A;" 25°C. -24V .'5: VOO ~ -20V, and +5.DV ~ VSS ~ +7.DV; unless 
otherwise specified (all voltages are referenced to ground). 
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UNITS 

II 

II 

II 
S2 

Sl 

nA 
nA 
nA 

nA 

nA 
nA 

pA 
pA 
pA 

V 

V 
V 
V 

ns 

ns 

dB 

pF 

pF 

pF 

mW 



typical performance characteristics 

300 

250 

200 

;150 
100 

50 

ON Resistance vs Analog 
Input Voltage 

~1L!1 veo = -20V 

t-~- Vss=-+7V 

1 
T", =- +25 C 

'OUT = -100)JA 

t I I I 
..... TEST POINT-

t--
t-

400 

350 

300 

::-: 250 

-; 200 

150 

100 

50 

ON Resistance vs 
Ambient Temperature 

Vao =- -20V II 
VSS =- +7V 

filhlf lOUT = -100/'A 

TIS[ POINTS 

VINPUT =- -5V 

H1 
II 

rJ:NPUT =- + 1V 

II II I 

250 

200 

j 150 

100 

50 

ON Resistance vs V DO 
Supply Voltage 

\ TA=25'C 

Vss =- +5V 

lOUT" -100iJA 

'\. ."" 1 J 
_\. 

VOUT =- -S.DV-
~ 

........ ...... 
........ ~ 

VaT -t5"rV 
V OUT " D.OV-r--

-5 -3 -1 0 +1 +3 +5 +7 -75 -50 -25 0 25 50 75 100 125 -10 -15 -20 -25 

INPUT (V) TEMPERATURE ( C) Voo SUPPl Y Nl 

Output Leakage Current vs 
Ambient Temperature 

switching time test circuit 

VOUT Vss - 15V 

~~ 

/' 

V 

25 50 75 100 125 

TEMPERATURE ( C) 

typical applications (con't.) 

Differential Input MUX 

Voltage Galli: 200 
OifferentiallJlpllt Resistance: 1010" 
CMRR: 100 dB 
l\lput Current: D.5nA 

a-Channel Demultiplexer with Sample and Hold 
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~ 
Analog Switches 

NAnONAL 

MM450/MM550. MM451/MM551 
MM452/MM552. MM455/MM555 MOS analog switches 

general description 
The MM450 and MM550 series each contain 'four p 
channel MaS enhancement mode transistors built on a 
single monolithic chip. The four transistors are arranged 
as follows: 

MM450, MM550 
MM451, MM551 
MM452, MM552 
MM455, MM555 

Dual Differential Switch 
Four Channel Switch 
Four MaS Transistor Package 
Three MaS Transistor Package 

These devices are useful in many airborne and ground 
support systems requiring multiplexing, analog trans
mission, and numerous signal routing applications_ The 
use of low threshold transistors (VTH ~ 2 volts) permits 
operations with large analog input swings (±10 volts) at 
low gate voltages (-20 volts). Significant features, then, 
include: 

• Large Analog Input Swing 
• Low Supply Voltage 
• Low ON Resistance 

• Low Leakage Cu rrent 
• Input Gate Protection 

• Zero Offset Vol tage 

±10 Volts 

VBULK ~ +10 Volts 
VIN ~ -10V, 150rl 
VIN ~ +10V, 150rl 

200 pA @ 25°C 

Each gate input is protected from static charge build-up 
by the incorporation of zener diode protective devices 
connected between the gate input and device bulk_ 
The MM450, MM451, MM452 and MM455 are specified 
for operation over the -55°C to +125°C military tem
perature range. TheMM550, MM551, MM552 and 
MM555 are specified for operation over the -25°C to 
+70°C temperature range. 

schematic and connection diagrams 

NOTE: Pm 5 conneeted to CjIHlnddnreebulk 

MM450,MM550 

Order Number MM450H or MM550H 
See Package 10 

NOTE Pm 5 connected to cne,,,d devIce built 
Orlln and SOllrce miY be mlerdlanged 

MM455,MM555 

Order Number MM455H or MM555H 
See Package llr 

typical applications 
EQUIVALENT 

NOTE 1 PinS 1 31ld 8 conne~ted to case and 
d~vlce bulk. Dram and Source may he 
mterchanged. MM452f, MM!i52F 

NOH 2 MM452D and MM5520 {dual-Hl·lme 
packages} have same pin conneclHlns 3S 
MM452F and MM552F shown above. 

Order Number MM452F or MM552F 
See Package 4 

Order Number MM452D or MM552D 
See Package 1 

ounUT 
ISOURCEI 

INPUT) 
"-E .... .I-'Lr--~~IOIIAIN 3) 

NOTE: P,n Sconn..:tedto case.nd dnlct bulk 
MM451,MM551 

Order Number MM451H or MM551H 
See Package 10 

~f TOGGLE 0-+-+--+-4 ...... -11-+---+--' 
INPUT 0--t-.. -+-----11-.1 

I L ______ _ 

SWITCH #1 
OUTPUT 

DPDT Analog Switch 
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absolute maximum ratings MM450, MM451, MM452, MM455 MM550, MM551, MM552, MM555 

Gate Voltage IVGGI + lOV to -30V +lDV to -30V 

Bulk Voltage IV BULKI 110V +10V 

Analog Input IV IN I 110V to -20V "lOV to --20V 

Power Dissipation 200 mW 200 mW 
Operating Temperature _55°C to + 125°C _25°C to 70°C 
Storage Temperature _65°C to +150°C _65°C to +150°C 

electrical characteristics 
STATIC CHARACTERISTICS (Note 1) 

PARAMETER CONDITION MIN TYP MAX UNITS 

Analog Input Voltage ±10 V 

Threshold Voltage (V GSITI) VOG = 0,1 0 = 1 IlA 1.0 2.2 3,0 V 

ON Resistance Y'N = -10V 150 600 n 

ON Resistance Y'N = Vss 75 200 Q 

OF F Resistance 10' 0 ~l 

Gate Leakage Current (I GSs) V GS = -25V, Vss = 0, T A = 25°C 20 pA 

Input (Drain) Leakage Current 

MM450, MM451, MM452, MM455 T A =25°C .025 100 nA 

T A = 85c c .002 1.0 IlA 

TA = 125°C .025 1.0 IlA 

Input (Drain) Leakage Current 
MM550, MM551, MM552, MM555 TA = 25°C 0.1 100 nA 

TA = 70D C .030 1.0 IlA 

Output (Source) Leakage Current 

MM450, MM451, MM452, MM455 T A = 25°C .040 100 nA 

Output (Source) Leakage Current 

MM450 T A =85°C 1.0 IlA 
MM451 T A = 85°C 1.0 IlA 
MM452, MM455 T A = 85°C 1.0 /lA 
MM450: MM451, MM452, MM455 TA = 125°C 1.0 IlA 

Output (Source) Leakage Current 

MM550 TA=70°C 1.0 IlA 
MM551 TA=70°C 1.0 IlA 
MM552, MM555 TA = 70°C 1.0 /lA 

DYNAMIC CHARACTERISTICS 

Large Signal Transconductance 
Vos = -10V, 10 = 10 mA 

4000 /lmhos 
f = 1 kHz 

CAPACITANCE CHARACTERISTICS (Note 2) 

PARAMETER DEVICE TYPE MIN TYP MAX UNITS 

Analog Input (Drain) Capacitance (Cosl ALL 8 10 pF 

MM450, MM550 11 14 pF 

Output (Source) Capacitance (Css ) 
MM451, MM551 20 24 pF 

MM452, MM552 7.5 11 pF 

MM455, MM555 7.5 11 pF 

MM450, MM550 10 13 pF 

Gate Input Capacitance (CGsl 
MM451, MM551 5.5 8 pF 

MM452, MM552 5.5 9 pF 

MM455,MM555 5.5 9 pF 

Gate to Output Capacitance (CGsl ALL 3,0 5 pF 

Note 1: The resistance specifications applv for _55°C ~ T A ::; + 85°C, VGG = -20V, V SULK = 

+10V, and a test Cl1rrent of 1 mAo Leakage current IS measured with all pins held at ground except 
the pin being measured which IS biased at -25V. 

Note 2: All capacitance measurements are made at a volts bias at 1 MHz. 
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typical dynamic input cha racteristics ITA = 2SOC Unless Otherwise Noted) 

, CONDITION 1 
AN-AlOG INPUT VOL lAGE 
AT t-l0 VOL TS 

Vse ""IOV 

V'N i V 
+IOV~OU' 

T 
CONDITf ON 2: 
ANALOG INPUT VOL lAGE 
ATO VOLTS 

Vsst-IOV 

V'N . i 
OV~VOU' 

T 
CONDITION 3, 
ANALOG INPUT VOL lAGE 
AT-l0VOlTS 

VSB +lOV 

v,. i V -lovLlJou, 
T 

Ron vs VGG 
10,000 

1000 

VB8:5~.E = = f--f-- _ '+ V •• - 7.5V;= - -, V88 "tOV 

~ 
2-

'" .. 
1110 

E V88 = OV 

f= V •• " :.5V 

10 I I I 
o -4 -8 -12 -16 -20 

VGG (V) 

Ron vs VGG 
tO,oOO 

1000 

I 
"' 100 

10 
+8 -8 -16 -22 

VGG (V} 

Ron vs VGG 
10,000 

1000 

I 
"' 100 

10 -, -8 -12 -16 -20 

VOG (V} 

Ron vs VGG 
100,000 

10,000 

j 
2-

£ 
lOUD 

100 
-16 -11 -18 -19 -20 

VGG (V) 

Typical Drain Characteristics 
-50 

-45 

.... -40 
z 

-35 
"' "' -30 => 
u 
z -25 

~ -20 

.f! 
-IS 

-10 

-5 

f-1VG;" !,SV'= F~ VBS " OV 

~::.: 
./ -13.5 ""p 
~~2 

~~ 
.". -;,..--

-J.!.... -I-" 
-6 i-' 
.... 5 

0 
-20 -40 -60 -80 -100 

vos - DRAIN TO. SOURCE VOL TAGE ~ VOL TS 
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Dynamic Ron 

-0.6 -0.2 +6.2 +0.6 +1.0 

6VI!',j (V) 

Dynamic Ron 

-;-0.6 -0.2 +0.2 +6.6 +1.0 

,W,"IVI 

Dynamic Ron 
10 

8 V,," +IDV~ t_1 VOUT " -lOY 

V'N " .. 10V i 

« 
.s 
z 

l:=t ii' - - VGG" -16V 6::::-
-// VtG"-'t ~ e:. -~ 

..::: ~ I 

6 

8 
10 

:;:~ ~ VGG "-18Y --VGG "-19V-

-r VeG "-20V---

1 I 
-1.0 -0.6 -01 +02 +0,6 +1.0 

,'\ V,N (V) 

Drain Current vs 
Gate To Source Voltage 

10 

.... 8.0 

Vos '" -20V 

I-V8S ",ov' I 

i 6.0 

z I 
;;: 
:5 4.0 
, ~l 

.f! 
2» 

V 
L/ 

[I -1.0 -2.0 -3.0 -4.0 -5.0 

v.s - GATE TO SOURCE V,OL TAGE - VOL 18 



typical input capacitance characteristics 

50 
40 
30 

20 

~ 10 
J 

MM450. MM550 

C'N.5 V'N 

T Vn =.10y. 

VG~ • ~20~ 
r=-VGG =-10V 

Voo '" OV 

~ 

'='= '= 
=' .... Voo ::: +~ov 

, 
-'0 -6 

I I I 
-2 +2 

VIN (V) 

'6 ''0 

50 
40 
30 

20 

'0 

MM451.MM551 

C'N vs V jN 

Ff=f=f Vee::: +10V 

V/GG • 20V 

VIGGi-'loV I 

Voo ::: OV 

.... Voo - .,OV 

-'0 -6 -2 +2 

VIf" (V) 

typical applications (con't) 

VIDEO 
INPUT =1 

VlOEO 
INPUT :t2 

DPST High-Frequency Switch 

VIDEO 
OUTPUT !t1 

VIDEO 
OUTPUT =2 

TOGGLE 
INPUT 
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MM452. MM552. MM455. MM555 
C'N Vs V 1N 

J 

50 
40 
30 
20 

r--r-

Voo "-20v 

'0 
r--Po 

, .... 
-'0 -6 

Vas" +10Y 

Voo '" 'OV 

Voo ::: OV 

-2 +2 

VH>l (V) 

4·Channel Multiplexer* 

4E~pan~lOn In tile number 01 data IIlpUl hntl.s 
po\slblebyu51I1gmutuplelevrlU!nesswllchrs 
aUowlllgllie!iilmedecode~te5tobeused'of 

all lower rank decoding. 

r-r-r-

.... ~ 
~ f= t= 

./ 

1"\ "loV 

'6 ''0 

OUTPUT 

INTELLIGENCE 



~ . Analog Switches 
NATlONAL 

MM454/MM554 four-channel commutator 

general- description 
• All Channel Blanking input provided 
• Reset capability provided 
• Low ON Resistance 20012 

The MM454/MM554 is a four-channel analog com' 
mutator capable of switching f(}ur analog input 
channels sequentially onto an output line. The 
device is constructed on a single silicon chip using 
MaS P Channel enhancement transistors; it con
tains all the digital circuitry necessary to sequen
tially turn ON the four analog switch transistors 
permitting multiplexing of the analog input data. 
The device features: 

In addition, the MM454/MM554 can easily be 
applied where submultiplexing is required since a 
4: 1 clock countdown signal is provided which can 
drive the clock input of subsequent MM454/MM554 
units,. 

• High Analog Voltage Handling 
• High Commutating Rate 
• Low Leakage Current (T A ~ 25° C I 

(T A ~ 85°CI 

±lOV 
500 kHz 

200 pA 
50 nA 

The MM454 i.sspecified for operation over the 
-55°C to +125°C military temperature range. The 
MM554 is specified for .operation over the -25°C 
to +70°C temperature range. 

schematic and connection diagrams 

ANALOG 
INPUTS 

4 

CLOCK 
INPUT 

ANALOG 
OUTPUT 

OUTPUT 
4:1 

COUNTOOWN 

RESET---"'--~--------I 

NOCONNECTlOt,a-'---~ 

t-------+"'- OIJTPUT4 1 COUNTDOWN 

.-_____ +''- NO 1 ANALOG INPUT 

I I, .... ----.p- NO.2ANALDGINPUT 

All CHANNEL BLANKING NO J-ANAlOG INPUT 

, .. ......!. ___ ..J t.,-__ ---,-_ ANALOG OUTPuT 

Note: Pin 7 connected to case,and to device_ bulk. Nominal Operating Voltages: VGG :; -24V; 
Voo '" DV; Vss = +12V, RESET BIAS:; +t2V (DVfor RESET), All CHANNEL~BLANKING 
BIAS = +12V (OV for BLANKING) 

Order Number MM454F or MM554F 
See Package 4 

5-34 



absolute maximum ratings (Note 1) 

Gate Voltage (V GG) +10V to -30V 

Bulk Voltage (Vss ) , +10V 

Analog Input (V IN) +10V to -20V 
Power Dissipation 200mW 
Operating Temperature MM454 _55°C to +125°C 

MM554 -25°C to +70°C 
Storage Temperature -65°C to +150°C 

static characteristics (Note 2) 

PARAMETER CONDITION MIN TYP MAX UNITS 

Analog Input Voltage 
., 
±1O V 

ON Resistance V ,N = -10V 170 600 S! 
ON Resistance V IN "" Vss 90 200 n 
OFF Resistance 10 10 n 
Analog Input Leakage Current MM454 T A = 25°C .050 100 nA 

MM454 T A = 85°C .006 1.0 pA 
MM554 T A = 25°C .0001 100 nA 
MM554 TA = 70°C .030 1.0 pA 

Analog Output Leakage Current MM454 T A = 25°C 0.100 100 nA 

MM454 TA =85°C 30 1.0 pA 

MM554 T A =25°C .0001 100 nA 
MM554 TA=70°C .030 1.0 pA 

V ss Supply Current Drain Vss = +12V 3.8 5.5 mA 
V GG Supply Current Drain VGG = -24V 2.4 3.5 mA 

capacitance characteristics 

I:'ARAMETER CONDITION MIN TYP MAX UNIT 

Analog Input Capacitance Channel OFF liN = 0 4 6 pF 

Analog Input Capacitance Channel ON liN = 0 20 24 pF 

Analog Output Capacitance liN = 0 20 24 pF 

Clock Input VeL = +12V 2.0 pF 

Reset Input VRESET = +12V 2.0 pF 

Blanking Input VBLANK = +12V 2.0 pF 

clock characteristics (Note 3) 

PARAMETER CONDITION MIN TYP MAX UNIT 

Clock Input (HIGH)(4) Vss - 2 Vss V 

Clock Input (LOW) -5 0 +5 V 

Clock Input Rise Time (POS GOING) No requ irement 

Clock Input Fall Time (NEG GOING) 20 psec 

Countdown Output (POS) V OH Vss -2 V~s V 

Countdown Output (NEG) VOL 0 V 

Maximum Commutation Rate 0.5 2.0 MHz 

Vss +10.D +12 +14 V 

Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages 
referenced to VOD "" O. 

Note 2: These specifications apply over the jndi'cated operating temperature range for VGG = -24V, 
VaD = av, VSS = +12V, VRESET = +12V, VSLANK = +12V. ON resistance measured at 1 mA, 
OFF resistance and leakage measured with ~11 analog inputs and output common. Capacitance measured 
.t 1 MHz. 
Note 3: Operating conditions in Note 2 apply. Vss to VOD toV) voltage is applied to counting and 
gating circuits. VGG is required only for analog switch biasing. All logic inputs are high resistance and 
are essentially capacitive. 

Note 4: Logic input voltage must not be more positive than VSS. 
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typical performance characteristics 
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Plus VIN Imax) vs VBULK 
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14 

timing diagram 

CLOCK 0 

IN 1 

~ 
0 
0 

> 

30 
28 
26 
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22 
20 
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16 
14 
12 
10 
8 
6 
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.0. 
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ANALOG EXCURSION IR O" ~ 1 Kn) IV) 

CHI O~~ -1"I1-.. __ ....... rl ... ___ ,..,rlL ___ .... rl ... __ _ 
CH2 ON 

OFF 

CH3 o~: ___ ---'n ... ___ .... rl ... ___ .... nL-__ ---'n.... 
CH4 O~: rl r 

OUTPUT "0" 
COUNTOOWN "1" 

NOTE: "0" LEVEl '" +lZV 
"1" LEVEL ~ OV IGNO) 

5-36 



~ 
M os Clock 0 rivers 

NAll0NAL 

MH0007/MH0007C dc coupled MOS clock driver 

general description 

The MHOOO7 is a voltage translator and power 
booster designed for interfacing between conven
tional TTL or DTL voltage levels and those levels 
associated with inputs or ciocks of MOS F ET type 
devices_ The design allows the user a wide latitude 
in selection. of supply voltages, and is especially 
useful in normally "off" applications, since power 
dissipation is typically only 5 milliwatts in the 
"off" state_ 

features 

• 30 volts (max) output swing 

• Standard 5V power supply 

• Peak currents in excess of ±300 mA available 

• Compatible with all MOS devices 

• High speed: 5 MHz with nominal load 

• External trimming possible for increased per
formance 

schematic and connection diagram 

v~ , 

.3 
OK 

01 

INPUT 1 

INPUT 2 

GND 4--~~-r 

R2 
soon 

.. 
3k!2 

10 v' 

7 OUTPUT 

10 Pin T0-100 Package 

v' 

TOI'VIEW 

Order NumberMH0007H 
or MH0007CH 

See Package 11 

'-----.. ---- 6 v-

typical applications 
Switching Time Test Configuration High Speed Operation 

" 

INPUT INPUT 

INPUT INPUT 

}-"'--OUTPUT }------~,...-OUTPUT 

t",,;;,,30 ns} 
t"ff 2e 40 nl tl" 200 pF 

6·1 

!: 
::t 
o 
o 
o .... ..... 
!: 
::t 
o 
o 
o .... 
n 
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absolute maximurrJ ratings 
Vee Supply'Voltage 
v- Supply Voltage 
v+ Supply Voltage 
(v+ - V-I Voltage Differential 
Input Voltage 
Power Dissipation (T A = 25°C) 
Peak Output Current 
Storage Temperature Range 
Operating Temperature Range MH0007 

MHOOO7C 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics (Note 1) 

SV 
-40V 
+2SV 

30V 
5.5V 

SOOmW 
. ~500mA 

_65°C to +150"C 
-55"C to +125"C 

O°C to +S5"C 
300"C 

PARAMETER CONDITIONS 

Logical "1" Input Voltage Vee = 4.5V 

Logical "0" Input Voltage Vee = 4.5V 

Logical "1" Input Current Vee = 5.5V, V IN = 5.5V 

Logical "0" Input Current Vee = 5.5V, V IN = O.4V 

Logical "1" Output Voltage Vee = 5.5V, lOUT = 30 rnA, V IN = O.SV 

Vee = 5.5V, lOUT = 1 rnA,. V IN = O.S\/ 

Logical "0" Output Voltage Vee = 4.5V, lOUT = 30 mA, V IN = 2.2V 

Transition Time to 

Logical "0" Output CL = 200 pF (Note 3) 

Transitio~ Time to , . 
Logical" 1" Output CL = 200 pF (Note 3) 

TYP 

MIN (Note 2) 

2.2 

1.0 

V+ - 4.0 

V+ - 2.0 

.50 

75 

Note 1: M in/max limits apply across the guaranteed range of _550 C to + 1250 C for the MHOOO7, and 
from O°C to +85°C for the MH0007C, for all allowable values of V- and V+, 

Note 2: All typical values measured at T A = 25°C with Vee := 5.0 volts, V- = -25 volts, V+ ;::; 0 volts. 

Note 3: Transition time measured from time V,N = 50010 value unt.if VOUT has reached 80010 of 
final value. 

Allowable Values for V- and V+ Maximum Power Dissipation 

V' 
VOLTS 40 

1.2 

I 1.0 
~ C~SE 
~ 0.8 
;:: I"-:: 
ili 0.6 

AM~IENT i5 

" '" ~ 0.4 /' r--.. ....... ......... 
0.2 

I --0 
0 25 50 75 100 125 150 

TEMPERATURE rCI 

.. L 
<~;~NG/ ; ." 

." 
< 

MAX UNITS 

V 

O.S V 

100 JlA 

1.5 rnA 

V 
V 

V- + 2.0 V 

ns 

ns 



~ Mos Clock Drivers 

NAll0NAL 

MH0009/MH0009C dc coupled two phase MOS clock driver 

general description 

The MH0009/MH0009C is high speed, DC coupled, 
dual 'MOS clock driver designed. to operate in 
conjunction with high speed line drivers such as 
the DM8830, DM7440, or DM7093. The transition 
from TTLlDTL to MOS logic level is accomplished 
by PNP input transistors which also assure accurate 
control of the output pulse width. 

schematic and connection diagrams 

,4>, BIAS J 2 ¢,INPUT A 

,--1 .. - .... '2 411 OUTPUT 

41, INPUT B 4 ---..... - ... -{ 

v- .----~~_t-__t .... -_t-ll v' 

."NPUTB 6 ----..... - .... -{ 

tPz BIAS 7 8 IP21NPUT A 

typical application 

L-~ .. - ..... ,0 ~2 OUTPUT 

-----l 
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FIGURE 1 
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features 

• DC logically controlled operation 

• Output Swings..,. to 30V 

• Output Currents - in excess of ±500 mA 

• High rep rate - in excess of 2 MHz 

• Low standby power 

12·Lead TO·S Package 

¢I, iNPUT A 

!/l2INPU.T A 

V+"'+5.0V 

v- v+ -lZV 

Order Number MH0009G 
orMHOOO9CG 
See Package 6 
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absolute maximum ratings 

v- Supply Voltage: Differential (Pin 5 to Pin 3) or 
(Pin 5 to Pin 7) 

V+Supply Voltage: Differential (Pin 11 to Pin 5) 
Input Current: (Pin 2,4,6 or 8) 
Peak Output Current 
Power Dissipation (Note:2 and Figure 2) 
Storage Temperature 
Operating Temperature: MH0009 

MH0009C 
Lead Temperature (Soldering, 10 Sec.) 

electrical characteristics (Note 1) 

-40V 
30V 

±75 mA 
±500mA 

1.5W 
-65°C to +150°C 
-55°C to +125°C 

O°C to 8SoC 

300°C 

PARAMETER CONDITIONS MIN 

C'N = .0022.uF CL = .001 .uF 

C'N = .0022 /iF CL = .001 /i~ 

Pulse Width (50% to 50%) C'N = .0022/iF CL = .001 .uF 340 

C'N = .0022/iF CL = .001 .uF 

C,N = 600 pF 

t rise C'N = 600 pF CL = 200 pF 

Pulse Width (50% to 50%) C'N = 600 pF CL = 200 pF 40 

tfall "C ,N = 600 pF CL = 200 pF 

TYP 

10 

40 

400 

80 

10 

15 

70 

40 

Note 1: Characteri,stics apply for circuit of Figure 1. With V- :::: -20'volt~; V+ = 0 volts; Vee = 5.0 
volts. Minimu,m and maximum limits apply from -55'-'C to +12?oC for the MH0009 and from oDe to 
+8S'C for the MH0009C. TYPical values are for T A = 2SoC. ' 
Note 2:, Transient power is ,given by P = fCL (V+ - V-)2 watts, where: f = repetition rate, CL = load 
capacitance, and (V+ - V-I = output swing. 
Not. 3: For typical performance data see the MH0013/MH0013C data sheet. 

1,50 1-.... -+-+-+-ji-4---I 

! 1.25 1--1'----'''1<--+-1-+-+--1 

~ 1.0 1---+-'-+"---''1.",.-1-+-+--1 
~ 0.75 I---+-+-+~ 'k-+-+--I 
0: r'\. 
30 0.5 I-+--I--+--I-~~+--I 
:t 

0.25 1-+--1--+--1--1-+--1 

o 25 50 75 100 125 150 

TEMPERATURE rei 

,FIGURE 2. Maximum Power Dissipation 

6.4 s 

MAX UNITS 

35 ns' 

50 ns 

440 ns 

120 " ns 

ns 

ns 

120 ns 

ns 
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Mos Clock Drivers 

NATlONAL 

MH0012/MH0012C high speed MOS clock driver 

general description 

The MH0012/MH0012C is a high performance 
clock driver that is designed to be driven by the 
DM7830/DM8830 or other line drivers or buffers 
with high output current capability. It will pro· 
vide a fixed width pulse suitable for driving MOS 
shift registers and other clocked MOS devices. 

schematic and connection diagrams 

COMP & 

R9 
470 

features 

• High output voltage swings-12 to 30 volts 

• High output current drive capability-lOOO mA 
peak 

• High repetition rate-l0 MHz at 18 volts into 
100 pF 

• Low standby power-less than 30 mW 

12-lead TO-8 Package 

INPUT 1 1-._ ............ 
" 250 

" 10UTPUT .--14 .... -1-0" 

INPUT:1 J -._ ..... -' 
R2 
OK 

typical application (ac test circuit) 

6·5 

TOP VIEW 

Order Numper MH0012G 
or MI:I0012CG 
See Package 6 

timing diagram 
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absolute maximum ratings 
v- Supply Voltage Differential (pin 1 or 2 to 

Pin 5) 
v+ Supply Voltage" Ddferentlal (Pin 8 or 9 

to Pin 1 or 2) 

-40V 

MaXimum Output LOdd See Figure 2 
Power DISSIpation-See FIgure 1 
Stordge Temperature 

1.5W 
-65"C to "'150"C' 

Input Current: (Pin 3 or 7) 

Peak Output Current 

30V 
"15 mA 

-+ 1000 mA 

Operating Temperature MH0012 
MHQQ12C 

lead Temperdlure (Solderiny. 10 sec) 

-55"'C to +125°C 
O"C to +B5')C 

300°C 

dc electrical cha racteristics (Note 1) 

PARAMETER 

Logic "1" Input Voltage 

(PIns 7 and 3) 

Logic "0" Input Voltage 

{Pins 7 and 3} 

LOylC "1" Output Voltage 

Logic "0" Output Voltage 

IDe (V- Supply) 

CONDITIONS 

v' - V- =- 20V, VOlJT <V I 2V 

VI _ V- '" 20V, V OUT >v' 15V 

VI V-=2DV,l oUT lmA. 

VIN '" 2.DV 

V' - V- '" 20V, lOUT'" - lmA, 
V IN =04V 

V' - V- = 20V, V iN == 2.0V 

ac electrical characteristics 
PARAMETER 

Turn·On Delay (tON) 

Rise Time (t,) 

Turn·Off Delay (tOFF ) 

CONDITIONS (Note 3) 

v' -V-~20V,Vcc ~50V 
CL =200pF,f 1.OMHz 
T A =. 25 C 

MIN 

04 

MIN 

TVP 

10 

06 

v- t 1.0 

v+ - 0.7 

34 

TVP 

10 

35 

35 

MAX UNITS 

2.0 V 

V 

V' + 2 a V 

V 

60 mA 

MAX UNITS 

15 

10 

50 

45 

Note 1: CharacteristiCS apply for circuit of Figure 1. Min and max limits apply from _55°C to +125"C 
for the MHOO12 and from O°C to +8SoC for the MHOO12C. Typical values are for T A == 25°C. 

Note 2: Due to the .very fast rise and fatl times, and the high currents Involved, extremely short con
nections and good by passing techniques are required. 
Note 3: All conditions apply for each parameter. 

Power Dissipation 

1.5 t-""',.--+---+-+-I--+---i 
r'. 

~ 1.0 f---+-' t-"--"~-+-t---+--1 
i I"f'.. 

.5 f---+-t---+-t-i --> "1--+--1 

25 50 75 100 125 150 175 

AMBIENT TEMPERATURE ('C) 

Figure 1. 

Maximum Output Load 
vs Voltage Swing ¥s Rise Times 

400 800 1200 

MAXIMUM OUTPUT LOAD (pFJ 

Figure 2. 

1600 

Rise and Fall Times vs 
load Capacitance 

40 r-r-r-r-r-r-J--r-, __ -r __ ~~ 

_ 35 ~~-4~~~~~-+-+~ 
.~ 

;;; 30 f--+-+-+-+--+-++--+--+--l 
" ~ ~5 

'" ~ 20 .. 
-V' - v-, 20V-+-+---,I-+--+--l 
_ TA =25°C 

:E 15 f--+-+-++-+-+-'-f--+--+--l 
i= -i1 10 H-+-+I----1H--~ -

200 400 600 800 
LOAD CAPACITANCE, CL (.F) 

1000 

applications information 

Power Dissipation Considerations 

The power dissipated by the MHOO12 may be 
divided into three areas of operation'" ON, OFF 
and switching: The OFF power i~ approximately 
30 mW and is dissipated by R2 when Pin 3 is in 
the logic "'" state. The OFF power is negtibte and 
will b,e ignored in the subsequent discussion. The 
ON power is dissipated primarily by 0 3 and Rg 
and is given by: 

111 

Where: 
ON Time 

DC'" Duty Cycle'" ON Time & OFF Time 

VIN - V BE3 
I!N is given by --R-,-- and equation (1) 

becomes: 

[
IVIN - V SE3)iV-1 (V+ - V~)21 

PON'" RT + ~~ DC (2) 

The transient power incurred during switching is 
gwen by: 

PAC =. (v+ - V-)2 Clf (3J 

For V~ := av, V- = -20V, Cl '0" 200 pF, and 
f == 5.0 MHz, PAC '" 400 mW. 

The total power is given by: 

(4) 

For VIN"'2.5V, V SE3 =0.7V, V+ =-OV, V~ = -20V, For the above example, PT "" 600mW. 
and DC == 20%, PON == 200 mW. 



~ M os Clock 0 rivers 
NAnoNAL 

MH0013/MH0013C two phase MOS clock driver 

general description 

The MH0013/MH0013C is a general purpose clock 
driver that is designed to be driven by DTL or 
TTL line drivers or buffers with high output cur
rent capability. It will provide fixed width clock 
pulses for both high threshold and low threshold 
MOS devices. Two external input coupling capa
citors set the pulse width maximum, below which 
the output pulse width will closely follow the 
input pulse width or logic control of output pulse 
width may be obtained by using larger value input 
capacitors and no input resistors. 

features 

• High Output Voltage Swings-up to 30V 

• High Output Current Drive Capability-up to 
500mA 

• High Repetition Rate-up to 5.0 MHz 

• Pin Compatible with the MH0009/MH0009C 

• "Zero" Quiescent Power 

schematic and connection diagrams 

D2 

r---1"-~12 OUTPUT A 

INPUT A2 4----+-.... -r 
Dl 

v- 5----t--~-~ 11 V' 

DJ 

INPUTB, 6 ----+--+--r 

'---1.--.-.-10 OUTPUT B 

typical applications 

D4 

- - - --1 
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I 
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I 

lI!..o~'~/~.~O _ __ ..J 

~~~~! 

c" 

c" 

RON 

v-

12-Lead TO-S Package 

INPUTB2 

TOP VIEW 

Order Number MH0013G or MHOOl3CG 
See Package 6 
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absolute maximum ratings. 

(v+ - V-I Voltage Differential 
Input Current (Pin 2,4, 6 or 8) 
Peak Output Current 
Power Dissipation (Figure 7) 
Storage Temperature 
Operating Temperature MH0013 

MJ-j0013C 

30V 
±75mA 

±600mA 
1.5W 

-65°C to +150°C 
_55°C to +125°C 

O°C to +85°C 
Lead Temperature (Soldering, 10 sec 1/16" from Case) 300°C 

electrical characteristics (Note 1 and Figure 8) 

PARAMETER 

Logical "Q"-Output Voltage 

Logical "1" Output Voltage 

Power Supply Leakage Current 

Negative Input Voltage Clamp 

tdON 

trise 

tdOFF (Note 2) 

tfall (Note 2t 

tfaSI (~ote3) 

Pulse Width (50% to 50%) (Note 3) 

Pulse Width (50% to 50%) (Note 3) 

Positive Output Voltage Swing 

. Negative Output Voltage Swing 

CONDITIONS 

'OUT "'-SOmA liN "'1.0mA 
lOUT "'-10mA liN"" 1.0mA 

'ouT"'50rnA 'IN"'10mA 

(V~ - V-I '" 30V 
lOUT = liN =OmA 

IIN=-10mA 

CIN '" O.0022I1F 

RIN '" o.n 
CL '" O.OOlI1F 

GIN =500pF 

RIN = On 

Cl. '" 200 pF 

MIN 

v· - 3.0 

v- - 1.2 

40 

40 

340 

TVP 

v+ - 1.0 
v~ - 0.7 

V- + 1.5 

1.0 

v- - 0.8 

20 

35 

30 

50 

70 

420 

15 

20 

110 

V+-O.7V 

V- +O.7V 

Note 1: MinIMax limits apply CNer guaranteed operating temperature range of -55°C to +125°Cfor 
MH0013 and O°C to +85°C for MH0013C, with V- = -20V and V+ = OV unless otherwise specified, 
Typical values are for 25°C. 
Note 2: Parameter values apply for clock pulse width determined by input pulse width. 
Note 3: Parameter values apply for input pulse width greater than output clock pulse width. 

TABLE I. Typical Drive Capability of, One Half MH0013 at 70°C Ambient 

(Y3- YZI FREQUENCY PULSE WIDTH TYPICAL RIN TYPICAL CIN OUTPUT DRIVE 
VOLTS MH. "' !! _F CAPABILITY IN pF 1 

28 50 
20 4.0 100 0 750 200 I. 350 

28 100 
20 2.0 200 10 1600 400 
1. 700 

28 400 
20 1.0 200 0 2300 1000 
16 1700 

28 2800 
,0 0.5 500 10 4000 5500 
16 '300 

Note 1: Output load is the maximum load that can be driven at 70°C without exceeding the package 
rating under the given conditions. 

Nota 2: The rise time given is the minimum that can be used without exceeding ttle peak transient 
output current for the f';JlI rated output load. 

circuit operation 

MAX UNITS 

V 
v+ -0.5 V 

v- + 2.0 V 
V 

100 JJA 

V 

35 n, 

5~ n, 
60 n, 
80 n, 

120 n, 
490 n, 

n, 
n, 
n, 

V 

V 

RISE TIME 
LIMIT "S' 

7 
10 

5 
14. 
19 I. 
34 
45 

130 
lB3 
248 

Input current forced into the base of 01 through 
the coupling capacitor GIN causes 01 to be·driven 
into saturation, swinging the output to 
V- + VeE (SAT) + VDIODE. 

drive through R2, turning 02 on. This supplies 
current to the load and the output swings positive 
to V+ - V BE . 

When the input current has decayed, or ha~ been 
switched, such that 01 turns off, 02 receives base 

6·8 

It may be noted that 01 always switches off 
before 02 begins to supply current; hence, high· 
internal transient currents from V+ to V- cannot 
occur. 



tYP,ical performance characteristics 

I7IGURE 1. Output Load vs Voltage 
Swing 
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FIGURE 5. Typical Clock Pulse Variations FIGURE 6. RIN vs CIN vs Pulse Width 
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pulse width 

Maximum output pu!~e width is a function of the 
input driver' characteristics and the co~pling 
capacitance and resistance, After being turned on, 
the input 'current must fall from its initial value 
liN peak to' below the input threshold current 
liN inin "" V sE /R1 for the clock driver to turn 
off. For example, referring to the test circuit of 
Figure 8, the ,output pu.lse width, 50% to 50%, is 
given by 

+ ROCIN In liN peak =0 400 ns. 
liN min' 

For operation with' the input pulse shorter than 
the above maximum pulse width, the output pulse 
width will be directly determined by the input 
pulse width. 

1 
PWOUT = PWIN + tdOFF + td ON + '2 (tf." + tcjse) 

Typical maximum pulse width for various CI Nand 
RIN values are given in Figure 6. 

fan-out calculation 

The drive capability of the MH0013 is a function 
of system requirements, i.e., speed, ambient tem· 
perature, voltage swing, drive circuitry, and stray 
wiring capacity. 

The following equations caver the necessary calcu· 
lations to enable the fan·out to be calculated for 
any system condition. Some typical fan·outs for 
conditions are given in Table 1. . 

Transient Current 

The maximum peak output current of the MH0013 
is given as 600 mAo Average transient current reo 
quired from the driver can be calculated from: 

I = CL,(V+:- V-I 
TR 

This can give a maximum limit to the load. 

(1 ) 

Figure 1 shows maximum voltage swing and 
capacitive load for various rise times. 

1. Transient Output Power 

The average transient power' (P A cl dissipated is 
equal to the energy needed to charge and discharge 
the output capacitive load (C L I multiplied by the 
frequency of operation (F). 

. PAC ='CL x (V+ - V-)2 x F (2) 

Figures 2 anll 3 show transient power for two dif· 
ferent values of (V+ - V-I versus output . load and 
frequency. ' 

. 2. Internal Powe,. 

'~O"State 

"1" State 
Negligible «3 mW) 

(3) 

Figure 4 gives various values of internal power 
versus 'bu ptut voltage and duty cycle . 

. 3.:/nput Power 
The average input power is a function of the input 
cu;rent and duty cycle. Due to input voltage 
clamping, this power contribution is small' and can 
therefore be neglected. At maximum duty cycle of 
50%, at 25' C, the. average input power is less than 
.10mW. per phase for RINCIN controlled pulse 
wid.ths. For .pulse widths much shorter than 
RINCIN , and maximum duty cycle of 50%, input 
power could be as high as 30 mW, since. II N peak is 
maintained for the full duration of the pulse 
width. 

4, Package Power Dissipation 

Total Average Power = Transient Output Power + 
Internal 'Power + Inpui 
Power 

Typical Example Calculation for :One Half 
MH0013C 
How many MM506 shift registers can be driven by 
an MH0013C driver at 1 MHz using a clock pulse 
width ·of 400 ns, rise time 30-50 ns and 16 volts 
amplitude over t'he temperature range 0_70°C? 

Power Dissipation 
From the graph of power dissipation versus tem· 
perature, Figure 7; it can be seen that an 
.MH0013C at 70°(: can dissipate 1W without a heat' 
sink; therefore, each half can dissipate 500 mW. 

Transient 'Peak Current Limitation 

From Figure 1 (equation 11. it can be seen that 
at 16V and 30 ns, the maximum load that can be 
driven is limiter to 1140 pF. 

Average Internal Power 
Figure 4 (equation 3) gives an average power of 
102 mW at 16V40% duty cyde, 
Input power will be a maximum of 8 mW. 

Transient Output Power 
For one half of the MH0013C 
500 mW 0 102 mW + 8 mW 

+ transient output power 
390 mW = transient output power 
Using Figure 2 (equation 2) at 16V, MHz and 
390 mW, each half of the MH0013C can drive a 
1520 pF load. This is, however, in excess 9f the 
load derived from the transient current limitation 
(Figure 1, equation 11. and so a maximum load 
of 1140 pF would prevail. 
Fro'm the data sheet for the MM506, ihe average 
'clock pulse load is 80 pF. Therefore the number 

f d · .. 1140 4 . 
a eVlces driven IS 80 or 1 registers. 

For nonsymmetrical clock widths, drive capability 
is improved. 
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Digital 0 rivers 

NATIONAL 

OH0006/0 H0006 C *current driver 

general description 

The DH0006/DH0006C is an integrated high 
voltage, high current driver designed to accept 
standard DTL or TTL logic levels and drive 
a load of up to 400 mA at 28 volts. AND inputs 
are provided along with an Expander connection, 
should additional gating be required. The addition 
of an external capacitor provides control of 
the rise and fall times of the output in order to 
decrease cold lamp surges or to minimize electro 
magnetic interference if long lines are driven. 

Since one side of the load is normally grounded, 

'Previously called NH0006/NH0006C 

schematic and connection diagrams 

"",,,,,,--,,,----,,,--,,,-,,,,-0 v" 

there is less likelihood of false turn-on due to an 
inadvertent short in the drive line. 

features 

• Operation from a Single +10V to +45V Power 
Supply. 

• Low Standby Power Dissipation of only 35 mW 
for 28V Power Supply. 

• 1.5A, 50 ms, Pulse Current Capability. 

Metal Can Package 
OUTPUT 

N.' 

lOPVIEW 

RESPONSE 
TIME 
CONTROL 

Order Number OHOOO6H 

"'-+-0 OUTPUT or DHOOO6CH 

INPUT 

INPUT 

EXPANDER 

INPUT 

INPUT 

.... --.... --4.__------oGROUNO 

typical applications 

Vee 

INPUT 

INPUl 

EXPANDER 
INPUT 

INPUT 

See Package 11 

Dual·' n-line Package 

10 

Order Number DHOOO6CN 
See Package 16 

Relay Driver Lamp Driver with' Expanded Inputs 
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absolute maltimlim ratings 

Peak Power Supply Voltage (for 0. r sec) 
Continuous Supply Voltage 
input Voltage 
Input Extender Current 
Peak Output Current (50 ms Onll sec Off) 
Operating Temperature 

o HOO06 
DH0006C. DH0006CN 

Storage Temper~tu re 

electrical characteristics' (Note 1) 

, 

60V 
45V 
5.5V 

5.0mA 
, 1.5A 

-55°C to +125°C 
(j°C to +70°C 

-65°C to +150°C 

PARAMETER CONDITIONS MIN 

Logical "'I"' Input Voltage Vee = 45V to 10V 2.0 

Logical "'0" Input Voltage Vee = 45V to 10V 

Logical "'I" Output V~ltage Vee = 28V. V 1N = 2.0V. lOUT = 400 mA 26.5 

Logical "0" Output Voltage Vee =45V. V 1N ,=0.8V. RL = lK 

Logical "I" Output Voltage Vee = 10V. V 1N = 2.0V.'loUT = 150 mA 8.8 

Logical "0" Input Current Vee" 45V. V 1N =.4V 

Logical "I" Input Current Vee = 45V. V 1N = 2.4V 

Vet;: 45V. V 1N = 5.5V 

'''Off'' Power Supply Current Vee = 45V. V 1N = 0.8V 

"On" Power Supply Current Vee = 45V; V 1N = 2.0V. lOUT = 0 mA 

Rise Time Vee = 28V. RL = 82U 

Fall Time Vee = 28V. RL = 82U 

Ton Vee = 28V. RL =82U 

Tolf Vee = 28V.RL = 82U 
", 

TYP 
(Note 2) 

27.0 

.001 

9.2 

-0.8 

0.5 
I 

1.6 

0.10 

0.8 

0.26 

2.2 

Note 1: Unless otherwIse specified, limits shown apply from -55°C to 125°C for DHODOS and oOe.to 
70°C for DHOOO6C. 
Note 2: Typical v~lues are for 2SoC ambient. ' 

Note 3: Power ratings for the TO-5 base~n a maximum jUAction temperature of +17SoC, and a t/JJA 
of 210oe/W. 

Note 4: Power rating for the DH0006CN Molded DIP based on a maximum junction temperature Qf 
+150oC and a thermal resistance of 17SoC/W when mounted in a standard DIP socket. . 

Note 5: 'Power rati,ng for the DHOO06CN Molded DIP based on a maximum jU,netion temperature of 
+.150oC and a therm'al resi"stance of 1500 C/W when mounted on a 1/16 inch thick, epoxy-glass board 
with ten 0.03 inch wide 2 ounce copper conductors. 
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NAnONAL 

DH0008/DH 0008C* 
high voltage, high current driver 

general description 

The DHOOOS/DHOOOSC is an integrated high volt· 
age, high current driver, designed to accept stan·' 
dard DTL or TTL input levels and pcovide a pulsed 
load of up to 3A from a continuous supply voltage 
up to 45V .. AND i8puts are provided with an EX .. 
PANDER connection, should additional gating be 
required. 

Since one side of the load is normally grounded, 
there is less likelihood of false turn-on due to an 
inadvertent shor.t in the drive line. 

The high pulse current capability makes the 
DHOOOSIDHOOOSC ideal for driving nonlinear 
resistive loads such as incandescent lamps. The 
'Previously called NHOOOS/NHOOClSC 

schematic and connection diagrams 

RESPONSE CONTROL 

INPUT 
OUTPUT 

INPUT 

EXPANDER 

INPUT 

INPUT 

GROUND 

typical application 

Controller for Closed Loop Stepper Motor 

7·4 

Digital Drivers 

circuit also requires only one power supply for 
circuit functional operation. 

The DHOOOS is available in a 1 O-pin TO·5 package; 
the DHOOOSC is also availabl'e ina'lO-pin TO-5, in 
addition to a lO·lead molded dual-in-line package. 

features 
• Operation from a Single +lOV to +45V Power 

Supply. 

• Low Standby Power Dissipation of only 35 mW 
for 2SV Power Supply. 

• 3.0A, 50 ms, Pulse Current Capability. 

Metal Can Package 
OUTPUT 

TOP VIEW 

RISE AND 
FAll 
TIME 
CONTROL 

Order Number DHOOOBH or DHOOOBCH 
See Package 11 

Dual·1 "-Line Package 

10 
OUTPUT· 

INPUT _-'+-_-, NO 

INPUT RESPONSE CONTROt 

eXPANDER GROUND 

INPUT _-'+-.....J '-__ + __ INPUT 

Order Number DH0008CN 
See Package 16 

Switching Sequence 

Step A B 

1 1 0 

2 1 0 

3 0 1 

4 0 1 

1 1 0 

C 0 

1 0 

0 1 

0 1 

1 0 

1 0 

To reverse the direction use a 4, 3, 2, 1 
sequence 



absolute maximum ratings 
Peak Power Supply Voltage (for 0.1 sec) 
Continuous Supply Voltage 

60V 
4SV 
S.5V Input Voltage 

Input Extender Current 
Peak Output Curr.ent 

(SO msec On/1 sec Off) 
Continuous Output Current 

5.0mA 

3.0 Amp 

,(See continuous operating curves.) 
Operating Temperature 

DHOOOB 
DHOOOBC 

Storage Temperatu re 

-55°C to +125°C 
O°C to +70°C 

-65°C to +lS0°C 

electrical characteristics (Note 1) 

PARAMETER 

Logical "1" Input Voltage 

Logical "0" Input Voltage 

Logical "1" Output Voltage 

Logical "0" Output Voltage 

Logical "1" Output Voltage 

Logical "0" I nput Current 

Logical" 1" I nput Current 

CONDITIONS 

Vee ~ 4SV to lOV 

Vee ~ 45V to 10V 

Vee ~ 45V, V'N ~ 2.0V, lOUT ~ 1.6A 
50 ms On/1 sec Off 

Vee ~45V, V'N ~0.8V, RL ~ lK 

Vee ~ 2BV, V'N ~ 2.0V, lOUT ~ O.BA 
50 ms Onll sec Off 

Vee ~ 4SV, V'N ~ O.4V 

Vee ~ 45V, V'N ~ 2.4V 

Vee ~ 4SV, V'N ~ 5.5V 

"Off" Power Supply Current Vee = 4SV, V'N ~ OV ' 

Rise Time V ee ~ 28V, R L ~ 39Q, V 'N ~ 5.0V 

Fall Time Vee ~ 2BV, RL ~ 39Q, V'N ~ 5.0V 

TON Vee~2BV,RL~39Q,V'N~5.0V 

TOFF Vee ~ 2BV, RL ~ 39Q, V'N ~ 5.0V 

MIN 
TYP 

(Note 2) 

2.0 

43 43.5 

0.02 

26.5 27.1 

-O.B 

0.5 

1.6 

0.2 

3.0 

0.4 

7.0 

Note 1: Unless otherwise specified limits shown apply from -55°C to 125°C for DH0008 and O°C to 
70°C for DHOOOBC. 
Note 2: TYPical values are 25°C ambient. 

Note 3: Power ratings for the TO-5 based on a maximum junction temperature of +175°C and a 1> JA 
of 210°C/w. 

Note 4: Power ratings for the DH0008CN Molded DIP based on a maximum junction temperature of 
150°C and a thermal resistance of 150°C/w when mounted in a standard DIP socket 

Note 5: Power ratings for the DHOO08CN Molded DIP based on a maximum junction temperature of 
150°C and a thermal resistance of 115°C/w when mounted on a 1/16 inch thick, epoxy-glass board 
with ten 0.03 inch wide 2 ounce copper conductors. 
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DH0011*(SH2001) 
DH 0011C*(SH2002) 
DH 0011CN*(SH2002P) 

high voltage high current drivers 

general description 

The DHOOll high voltage, high current driver 
family consists of hybrid integrated circuits which 
provide a wide range of variations in temperature 
range, package, and output current drive capa
bility. A summary of the variations is listed below. 

'Previously called NH0011, NHOOllC, NHOOllCN 

logic diagram 

ordering information 

NSC DESIGNATION 

DHOOlfH 

DHOO11CH 

DHQ011CN 

SH DESIGNATION 

SH2001 

SH2002 

SH2002 P 

Vee 
10 

PACKAGE 

11 

11 

16 

Digital 0 rivers 

Applications include driving lamps, relays, cores, 
and other devices requiring several hundred milli· 
amp currents at voltages up to 40V. Logic flexi
bility is provided through a 4-input NAND gate, a 
NOR input and an input which bypasses the gating 
and connects the base of the output transistor. 

TEMPERATURE RANGE 
OOTPUT CURRENT 

CAPABILITY 

-5SoC to +125°C 250 mA 

DoC to +70Q C 150mA 

aOc to +70°C 150mA 
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absolute maximum ratings 

VCC SV 
Collector Voltage (Output) 40V 
Input Reverse Current 1.0mA 
Power Dissipation SOOmW 
Operating Temperature Range DHOOll -55°C to +125°C 

DHOOll C/DHOO'll CN O°C to +70°C 
Storage Temperature -65°C to 150°C 

electrical characteristics 

TEST NO. PIN 1 PIN 2 PIN 3 PIN 4 PIN 5 PIN 6 PIN 7 PIN 8 

1 V ,H V ,H V ,H V ,H GND GND lOLl 

2 V ,L GND GND lOLl 
3 V ,L GND IOL2 
4 V ,L GND IOL2 
5 V ,L GND IOL2 
6 V ,L GND IOL2 
7 GND GND IOL2 

, 
S V R GND GND GND GND 

9 GND V R GND GND GND 

10 GND GND V R GND GND 

11 GND GND GND V R GND 

12 GND 

13 V F V R V R V R GND 

14 V R V F V R V R GND 

15 V R V R V F V R GND 

16 V R V R V R V F GND 

17 GND GND 

lS GND GND 

19 GND GND GND Vox 
20 GND GND 

21 GND GND 

22' GND 

23' GND 

*See Test Circuits and Waveforms on Page 4. 

forcing functions (Note 11 DHOOll 

PARAMETER _55°C +25°C 

V CCL 4.5 4.5 

V CCH 5.5 5.5 

VPD 5.0 

V MAX S.O 

V ,L 1.4 1.1 

V ,H 2.1 1.9 

V R 4.0 4.0 

V F 0.0 0.0 

IOL1 250 250 

IOL2 S.O .S.O 

Vox 40.0 40.0 

Note 1: Temperature Range -5SoC to +125°C 

7·8 

PIN 9 PIN 10 SENSE MIN MAX 

V CCL VB VOL 

ViL VCCL Va VOL 

V CCL Vs VOL2 

VCCL Vs VOL2 

VCCL Vs VOL2 

V CCL Vs VOL2 

V ,H V CCL Vs VOL2 

V CCH I, IR 

V CCH 12 IR 

V CCH 13 IR 

V CCH 14 IR 

V R V CCH 19 IR 

V CCH I, -IF 

V CCH 12 -IF 

V CCH 13 -IF 

V CCH 14 -IF 

V F V CCH 19 -IF 

VCCL Vs V OH 

V CCL la lox 

VpD 110 IpDH 

V MAX 110 IMAX 

V pD tON 

V PD tOFF 

+125°C UNITS 

4.5 V 

5.5 V 

V 

V 

0.8 V 

1.7 V 

4.0 V 

0.0 V 

250 mA 

7.5 mA 

40.0 V 



forcing functions (Note 21 DHOOllC, DH0011CN 

PARAMETER O°C +25°C 

VCCL 5.00 5.0 

VCCH 5.00 5.0 

V PD 5.0 

VMAX 8.0 

V'L 1.20 1.1 

V'H 2.00 1.9 

V R 4.00 4.0 

VF 0.45 0.45 

lOLl 150 150 

IOL2 8.0 8.0 

Vox 40.00 40.0 

test limits (Note 11 DHOOll 

PARAMETER 
_55°C +25°C 

MIN MAX MIN MAX 

VDLl 0.45 0.4 

VOL2 0.45 0.4 

VOH 2.20 2.00 

IR 2.0 

-IF 1.60 1.6 

lox 5.0 

IpDH 30.6 

IMAX 29.6 

tON 160 

tOFF 220 

test limits (Note 21 DHOOllC, DH0011CN 

PARAMETER 
O°C +25°C 

MIN MAX MIN MAX 

VaLl 0.45 0.45 

VOL2 0.45 0.45 

VOH 2.05 1.95 

IR 5.0 

-IF 1.40 1.4 

lox 5.0 

IpDH 30.6 

IMAX 34.0 

Note 1: Temperature Range -55°C to +125°C 
Note 2: Temperature Range OoC to +70O C 

switching time test circuit 
"v 

R1 

PIN IO:Vcc= 5V OUTPUT 

PULSE 

±',".FOWIRING GEN. 

CAP. 
FREQ " 100 kHz 
DUTY CYCLE =50% PIN 5,PlN1GND 

'::' 

switching time waveforms 

r+ I 
~, 

" ''I'' INPUT ~ 

~' \" " " 
" i 

~1."~ 1..-""-
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+70°C UNITS 

5.0 V 

5.0 V 

V 

V 

.95 V 

1.8 V 

4.0 V 

0.5 V 

150 mA 
7.5 mA 

40.0 V 

+125°C 
UNITS 

MIN MAX 

0.45 V 

0.45 V 

1.80 V 

5.0 iJ.A 
1.5 mA 

200 iJ.A 
mA 
mA 
ns 

ns 

+70°C 
UNITS 

MIN MAX 

0.5 V 

0.5 V 

1.85 V 

10.0 iJ.A 
1.35 mA 

200 iJ.A 
rnA 
rnA 

Typical Switching Times 
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" 
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NAnONAL 

DH0016CN* 
o H 0017CN*(SH2200P) 
DH0018CN* 

high voltage high current drivers 

general description 

This high-voltage, high-current driver family con
sists of hybrid integrated circuits which provide a 
wide range of output currents and output voltages. 
Applications include driving lamps, relays, cores, 
and other devices requiring up to 500 mA and 

'Previously called NHOOl6CN, NH0017CN, NH0018CN 

logic diagram 

ordering information 

Digital Drivers 

withstanding voltages up to 100V. Logic flexi
bility is provided through a 4-input NAND gate, a 
NOR input and an input which bypasses the gating' 
and connects to the base of the output transistor. 

NSC DESIGNATION SH DESIGNATION PACKAGE OUTPUT CHARACTERISTICS 

Maximum Standoff 
Cur:rent Voltage 

DHOO16CN N/A 16 70V 250mA 

DHQ017CN SH2200P 16 50V 500mA 

DHOO1BCN N/A 16 100V SOOmA 

7-10 



absolute maximum ratings 

Vee SV 
Input Voltage SV 
Collector Voltage DHOO16CN 70V 

DHOO17CN 50V 
DH001SCN 100V 

Output Surge Current DHOO16CN 1.0A 
DH0017CN & DH001SCN 2.0A 

Power 0 issipation 455mW 
Operating Temperature Range O°C to +70°C 
Storage Temperature _65°C to +150°C 

electrical characteristics 

TEST 
NO. 

PIN 1 PIN 2 PIN 3 PIN 4 PIN 5 PIN 6 PIN 7 PIN 8 PIN 9 

2 V 1H V 1H V 1H V 1H GND GND IOL1 

3 V 1L GND GND IOL1 V 1L 

4 V 1L GND GND lou V 1L 

5 V 1L GND GND lou V 1L 

6 V 1L GND GND lou V 1L 

7 V 1L GND IOL2 

8 V 1L GND IOL2 

9 V 1L GND IOL2 

10 V 1L GND IOL2 

11 GND GND IOL2 V 1H 

12 VR GND GND GND GND 

13 GND V R GND GND GND 

14 GND GND V R GND GND 

15 GND GND GND V R GND 

16 GND V R 

17 VF V R V R V R GND 

lS V R V F V R V R GND 

19 V R V R V F V R GND 

20 V R V R V R V F GND 

21 GND GND V F 

22 GND GND 

23 GND GND IOL3 GND Vox 

24 GND 

25 GND GND GND 

forcing functions 

SYMBOL oDe +25°e 

Vec 5.0 5.0 
VPD 5.0 
VMAX 8.0 

V1L 0.S5 0.S5 
V1H 1.9 1.S 
VR 4.5 4.5 
V F 0.45 0.45 
Vox (DHOO16CN) 70 

Vox (DHOO17CN) 50 
Vox (DHOO18CN) 100 

lou (DH0017CN, DHOO18CN) 500 500 

IOL; (DHOO16CN) 250 250 

IOL2 16 16 

IOL3 8.0 

7-11 

PIN 10 SENSE 

Vee Va 

Vee Va 

Vee Va 

Vee Va 

Vee Va 

Vee Vs 

Vee Vs 

Vee Vs 

Vee Vs 

Vee Vs 

Vee I, 

Vee 12 

Vee 13 

Vee 14 

Vee 19 

Vee I, 

Vee 12 

Vee 13 

Vee 14 

Vee 19 

Vee Vs 

Vee la 

VPD 110 

VMAX 110 

+70o e 

5.0 

0.S5 
1.6 
4.5 
0.45 

70 
50 

100 
500 
250 

16 

LIMITS 

MIN MAX 

V OL1 

Vou 

Vou 

Vou 

Vou 

V OL2 

VOL2 

V OL2 

VOL2 

VOL2 

IR 

IR 

IR 

IR 

IR 

-IF 

-IF 

-IF 

-IF 

-I,F 
V OH , 

lox 

IpD 

IMAX 

UNITS 

V 
V 
V 
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V 
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V 
V 
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mA 
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test limits 

SYMBOL O°C +25°C +70°C UNITS 

VaLl 0.6 0.6 0.6 V 

V OL2 0.45 0.45 0.45 V 

V OH1 1.95 1.85 1.65 V 

IR 60 60 J1A 

-IF 1.6 1.6 1.6 mA 

lox 5.0 200 J1A 

IpD 12.2 mA 

I MAX 10 mA 

Typical Output Voltages vs Temperature Typical Switching Times Ie = 250 rnA Typical Switching Times Ie = 500 rnA 

DHOO16CN . DH0017CN, DHOO18CN 

~ a .• 
a 

> 
DH0017CN,OH0018CN Ie" 500 mA w ... " 0.3 600 3.0 " toL ~ .3 :; ~ 

- ..... 
0 ,.. 500 - t--

,. 
> ;:: ,...... ..... ;:: 

...... ~ " 0 0.2 r- t-- r--DH0016CN Ie "250mA- ~ '00 ~ 2.0 
;:: z Z 

tOFF V i-"" 
~' ~ 300 @ ->- ~ ~ -f-' ;;; 0.1 200 1.0 

!; 100 'ON 

~ 
tON 

a 
a 25 50 75 a 25 50 75 a 25 50 75 

TEMPERATURE ( Cl TEMPERATURE ( C) TEMPERATURE 1°C) 

switching time test circuit 

so, 

Rt 

PINtO- Vcc-sv OUTPUT 

PULSE 
~ f COIOP"WIRING 

GEN. 

CAP. 
FREQ." Ion kHl 
DUTVCYCLE-SD% PIN5,PIN 7GNO 

-::-

Rl "200n (OHOO16CN) 
RI -loon (DHODl1CN, 

DHDD18CN) 

switching time waveform 

\ so, 
INPUT r-, \ \ our 

'; ~ 2V 4V zv " 1\ 
ov ~~NJ r.-tOFP'" 
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~ 
Digital Drivers 

NATIONAL 

DH0028C/DH0028CN*hammer driver 

general description 

The DH0028C/DH0028CN is a high current 
hammer driver designed for utilization in a wide 
variety of printer applications. The device is 
capable of driving 6 amp pulsed loads at duty 
cycles up to 10% (1 ms ONI10 ms OFFI. The 
input is DTL/TTL compatible and requires only a 
single voltage supply in the range of 10V to 45V. 

'Previously called NH0028C/NH0028CN 

connection diagrams 

Metal Can Package 

OUTPUT 

Ne 

TOP VIEW 

Order Number DH0028CH 
See Package 11 

typical application 

features 

• Low standby power: 45 mW at Vee ~ 36V, 
35 mW at Vee ~ 28V. 

• AND input with expander affords logic 
flexibility. 

• Fast turn-on, typically 200 ns. 

V" 

INPUT 

INPUT 

EXPANDER 

INPUT 

Molded Dual-In-Line Package 

1 " 
1 9 

3 

4 , 
5 , 

Order Number DH0028CN 
See Package 16 

OUTPUT 

Ne 

INTERNAL 
CONNECTION 

GROUND 

INPUT 

COLUMN ONE 
INPUT 

COLUMN TWO 
INPUT 

r-----_+-----4~---... ~+l6V 

r--OH0028C;---, 
I 

I I 
L_-T-_-.l· 

INHIBIT >-------< .... -----~---1f_ .... >--------_+-~ 

HAMMER #1 

*Use one decoupling capacitor per six hammer drivers for improved AC noise immunity. 
**Zener is used to control the dynamics of the hammer. 
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absolute maximum ratings 

Continuous Supply Voltage 
Instantaneous Peak Supply Voltage 

(Pin 1 to Ground for 0.1 sec) 
Input Voltage 
Expander I nput Current 
Peak Output Current (1 ms ON/l0 ms OFF) 
Continuous Output Current DH0028C at 25° C 

Operating Temperature 
Storage Temperature 

DH0028CN at 25°C 

Lead Soldering Temperature (10 sec) 

electrical characteristics (Note 1) 

PARAMETER CONOITIONS 

Logical "1" Inpu't Voltage Vee = lOV to 45V 

Logical "0" Input Voltage Vee'" lOV to 45V 

Logical "0" Input Current Vee = 45V, Y'N = DAV 

Logical "1 . Input Current Vee'" 45V, VIN = 2AV 
Vee = 45V, VIN = 5 SV 

Logical "1" Output Voltage Vee = 45V, VIN = 2.0V, 

lOUT = 1.6A 

Vcc=36V, V ,N =20V, 

lOUT = SA 
(Note 2) 

Logical "0" Output Voltage Vee" 45V, RL = lk.. V IN " O.8V 

OFF Power Supply Current Vee = 45\1, VIN = OOV 

Rise Time (10% to 90%) Vee'" 45V, RL = 39S2 
VIN '" 5 OV peak, PRF = 1 kHz 

Fall Time (90% to 10%) Vee = 45V: AL = 39H 
VIN = S.OV peak, PRF " 1 kHz 

Vee -" 45V, RL = 39S-~ 

VIN '" S.OV peak, PRF = 1 kHz 

TOFF Vee" 45V, RL = 39n 
VIN " 5 OV peak, PRF " 1 kHz 

45V 

60V 
5.5V 

5.0mA 
6.5A 

750 mA 
1000 mA 

O°C to 70°C 
_65°C to +175°C 

300°C 

MIN 

2.0 

43.0 

335 

, 

Note 1: These speCifications apply tor ambient temperatures trom oOe to 700e unless otherWise 
specified. All tYPical values are for 25°C ambient 

Note 2: Measurement made at 1 ms ON and 10 ms OFF 

Note 3: POlNer ratings for the DHOO28C are based on a maximum I~nctlon temperature of 175°C and 
a thermal resistance of 2100 C/W 

Note 4: Power ratings for the DH0028CN are based on a maXimum Junction temperature of 17SoC 
and a thermal resistance of 150oC/W ., 

typical performance characteristics 

Waveforrhs for Typical 
Drum Printer Hammer 

.0 

~ 
30 

Vce" 36V 
, zof- TON" 1 ms 

~ 10f- TOFF "'10ms 
TA "25~C V, 

0 

-~AJME~ I ..-( 
-10 l-

f- -i"i~ 
R, 

~ 
6 

\ , • IAI .E 2 

0 1"1 J J I\" 
0 0.2 0.4 0.6 0.8 lB 1.2 1.4 1.6 

TIME (ms) 
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TYP 
(Note 1) 

O.B 

0.5 

, 

43.5 

340 

020 

1.6 

0.2 

3.0 

0.4 

7.0 ' 

MAX 

O.B 

1.0 

5.0 
100.0 

100 

2.0 

UNITS 

v 

v 

mA 

v 

v 

v 

mA 

"' 

"' 



~ Digital Drivers 

NAnONAL 

OH0034/0H0034C high speed dual level translator 

general description 

The DH0034/DH0034C is a high speed level trans
lator suitable for interfacing to MaS or junction 
FET analog switches. It may also be used as a 
universal logic level shifter capable of accepting 
TTL/DTL input levels and shifting to CM L, MaS, 
or SL T levels. 

features 

• Fast switching, tpdO: typically 15 ns; tpd 1 : 

typically 35 ns 

• Large output voltage range: 25V 

• Input is TTL/DTL compatible 

• Low output leakage: typically 0.1 /lA 

• High output currents: upto ±1 00 mA 

schematic and connection diagrams 

)I, ClttU(t Shown GND 

typical applications 

5 MHz Analog Switch 

-n +'0\1 

Metal Can Package 

GNO 

,TOP VIEW 

Order Number DH0034H 
or OH0034CH 
See Package 11 

Dual-in-Line Package 

Nt 1 14 Vcc 

A, 2 

8, l 

Nt 4 11 Nt 

v- 5 .10 \/-

OUTPUT 1 6 9 OUTPUT 2 

GNO 7 • Nt 

TOP\lIEW 

Order Number DH0034D 
or DH0034CD 
See Package 1 

TTL to IBM (SL Tl Logic Levels 

INPUT 1 

INPUTZ 
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absolute maximum ratings 

v cc Supply Voltage 1.0V 

Negative Supply Voltage -30V 

Positive Supply Voltage +25V 

Differential. Supply Voltage 25V 

Maximum Output Current 100mA 

Input Voltage +5.5V 

Operating Temperature Range: DH0034 -55°C to +125°C 

DH0034C O°C to +85°C 

Storage Temperature Range _65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (See Notes 1 & 2) 

PARAMETER CONDITIONS 
DHOO34 DHOO34C 

MIN TYP MAX MIN TYP 

Logica' "1" Vee ~ 4.5V 2.0 
Input Voltage Vee ~4.75V 2.0 

Logical "0" Vee ~ 5.5V 0.8 
Input Voltage Vee ~ 4.75V 

Logical "1" Vee ~ 5.5V, V'N ~ 2.4V 40 
Input Current Vee ~ 5.25V, V'N ~ 2.4V 

Logical "1" Vee ~ 5.5V, V'N ~ 5.5V 1.0 
Input Current Vee ~ 5.25V, V'N ~ 5.5V 

Logical "0" Vee ~ 5.5V. V'N ~ 0.4V 1.6 
Input Current Vee ~ 5.25V, V'N ~ 0.4V 

Power Supply INote 3) 
Current Vee ~ 5.5V, V'N ~ 4.5V 30 38 
Logic "0" Vee ~ 5.25V. V'N ~ 4.5V 30 

Power Supply INote 3) 
Current Vee ~ 5.5V, V'N ~ OV 37 48 
Logic "1" Vee ~ 5.25V, V'N ~ OV 37 

Logical "0" Vee ~ 4.5V, lOUT ~ 100 mA V- + .50 V- + .75 V- + .50 
Output Voltage Vee ~ 4.5V, lOUT ~ 50 mA V- + .3 V- + .50 V- + .3 

Output Leakage Vee ~ 5.5V, V'N ~ 0.8V 0.1 5 0.1 
Current V+· V- ~ 25V 

Transition Time to Vee ~ 5.0V. V3~ OV,TA~ 25°C 15 25 15 
Logical "0" V- ~ -25V, RL ~ 510n 

Transition Time to Vee ~ 5.0V, T A ~ 25°C 35 60 35 
Logical "1" V- ~ -25V, RL ~ 510n 

Note 1: These specifications apply over the temperature range _55°C to +125° C for the DHOO34 
and 0° C to +850 C. for: the DH0034C with a 510 ohm resistor connected between output and ground, 
and V- connected to -25V, unless otherwise specified. 

Note 2: All typical values are for T A::; 25°C. 

Note 3: Current measured is total drawn from Vee 'supply. 
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MAX 
UNITS 

V 

V 
0.8 

IJA 
40 

mA 
1.0 

mA 
1.6 

mA 
38 

mA 
48 

V- + .80 V 
V- + .65 V 

5 IJA 

35 ns 

75 ns 



theory of operation 

When both inputs of the DHDD34 are raised to 
logic "1", the input AND gate is turned "on" 
allowing 01's emitter to become forward biased. 
01 provides a level shift and consta!1t output cur· 
rent. The collector current is essentially the same 

Vee - VBE 
as' the emitter which is given by R 1 

Approximately 7.D mA flows out of 01's col
lector. 

applications information 

1. Paralleling the Outputs 

The outputs of the DHDD34 may be paralleled to 
increase output drive capability or to accomplish 
the wire 0 R". I n order to prevent current hog
ging by one output transistor or the other, resis
tors of 2 ohms!l DD mA value should be inserted 
between the emitters of the output transistors and 
the minus supply. 

2. Recommended Output Voltage Swing 

The graph shows boundary conditions which 
govern proper operation of the DHDD34. The 
range of operation for the negative supply is 
shown on the X axis and must be between -3V 
and -25V. The allowable range for the positive 
supply is governed by the value chosen for V-. V+ 
may be selected by drawing a v~rtical line through 
the selected value for V- and terminated by the 

switching time waveforms 

I \ 

About 2 mA of 01's collector current is drawn off 
by pull down resistor, R2. The balance, 5 mA, is 
available as base drive to 02 and to charge its 
associated Miller capacitance. The output is pulled 
to within a VSAT of V-. When either (or both) 
input to the DHDD34 is lowered to logic "D," the 
AND gate output drops to D.2V turning 01 off. 
Deprived of base drive 02 rapidly turns off causing 
the output to rise to the V3 supply voltage_ Since 
Q2's emitter operates between D.6V and D.2V, the 
speed of the DHDD34 is greatly enhanced. 

boundaries of the operating region. For example, a 
value of V- equal to -6V would dictate values of 

25 

20 
V-<-3V 

~ v+ - V- ;:;25V .,.,.. 
~ 

15 

'" 
.,.,.. 

'" 10 
!:; .% 
C> 5 

~OPE~ATING REGION 
> 
~ 0 - -
II: -5 ;;: V 
~ -10 > ./ ;:: -15 

~ ~ 
-20 

V 
-25 

-24 -18 -12 -6 0 

NEGATIVE SUPPLY VOLTAGE (-VI 

V+ between -5V and +19V. In general, it is de
sirable to maintain at least 5V difference between 
the supplies. 

----5V 

INPUT - '-- 50% - r- 50% 

O~ 

, r---- ov 
1/ 

OUTPUT -'k-50% ---J-50% 

1\ I -----25V 
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~ 
Digital Drivers 

NAll0NAL 

DH0035/DH0035C PIN diode switch driver 

general description 

The DH0035/DH0035C is a high speed digital 
driver designed to drive PIN diodes in RF modula
tors and switches. The device is used in conjunction 
w,ith an input buffer such as the DM7830/DM8830 
or DM5440/DM7440. 

features 
• Large output voltage swing - 30V 

• Peak output current in excess of 1 Amp 

• Inputs TTLlDTL compatible 

schematic and connection diagrams 

"' "" 

" " 

typical applica~ions 

• Short propagation delay - 10 ns 

• High repetition rate - 5 MHz 

The DH0035/DH0035C is capable of driving a 
variety of PIN diode types including parallel, 
serial, anode grounded and cathode grounded. For 
additional information, . see AN-49 PIN Diode 
Drivers. 

The DH0035 is guaranteed over the temperature 
range -55°C to +125°C whereas the DH0035C is 
guaranteed from O°C to 85°C. 

Metal Can Package 

/' J OUTPUT 

TOP VIEW 

Order Number DH0035G 
or DH0035CG 
See Package 6 

Grounded Cathode Design 

V" ~ -IIIV 

Note: Cathode grounded PIN diod~: Rp_ '" 620 limits dinde fOfW~rd currant to 100 rnA. TYpical 
switching far HP3J604A, RF turn-lin 25 os, turn-off 5 ns. C2 =. 250 pF, Rp "on, Cl "0.1 F. 
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absolute maximum ratings 

V- Supply Voltage Differential (Pin 5 to Pin 1 or 2) 40V Storage Temperature Range 
V' Supply Voltage Differential (Pill 1 or 2 to Pill 8 or 9) 30V 
Input Current (Pin 3 or 7) ±75 mA 

Peak Output Current .±: 1 ,0 Amps 
Power DISSipation (Note 31 1.5W 

Operating Temperature Range DH0035 

DH0035C 

Lead Temperature {Soldering, 10 sec} 

electrical characteristics (Notes 1,2) 

PARAMETER CONDITIONS 
LIMITS 

MIN TVP MAX 

Input Logic "1" Threshold VOUT 0 -8V, RL 0 lOOn 1.5 

Input Logic "0" Threshold VOUT 0 +8V, RL 0 10OS! 0.4 

Positive Output Swing lOUT = 100 mA 7.0 +8.0 

Negative Output Swing lOUT = 100 mA -8.0 -7.0 

Positive Short Circuit Current V'N "OV, RL 0 on 400 800 
(Pulse Test; Duty CY,de:;;: 3%) 

Negative Short Circuit Current V'N" 1.5V, I'N" 50 mA, RL 0 on 800 -1000 
(Pulse Test, Duty Cycle <; 3%) 

Turn-On Delay V'N = 1.5V, V OUT 0 -3V 10 15 

Turn-Off Delay V'N 0 1.5V. VOUT = +3V 15 30 

On Supply -Current V'N 0 1.5V 45 60 

Note 1: Unless otherwise specified, these specifications apply for V+:: 10.0V, V- :::; -10.0V, pin 5 
grounded, over the temperature range -55Q C to +125°C for the DH0035, and O°C to 85°C for the 
DH0035C. 

Note 2: All typical values are for T A = 25°C. 

Note 3: Derate linearly at 10 mwtC for ambient temperatures above 25°C. 

typical applications (cont.) 

t6GIC 

Grounded Anode Design 
V' ~ HIV 

~ ____ ~'~ 
...L i 1-

5.0V 

r--...21----, 
I I 
I 10 200pF 71, 111 

I I 
I I 
I I, 

.>o~~--_-'i-; 
I I 
1 1/20M7830/0M8830 ! 
L---r----' '".'~ 4 DH0035 -1:---

I 
112 

I r---' 
III Drri~E II 

I SWITCH I L... __ --l 

..J -::-
1 

ch 
120pF ':" 

V- ~ -10.0V 

~;:~~~;~~~ ~~;~~~e2dA~I;Fd;~~~.:o~~ ~s~~~;~.i~~t~ ~i:d~lf~r~;~dp~~rt2n~ ~.11~~ ,rnR: ~v:;;.ar 
Alternate Current Limiting 

,. 
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O°C to +85°C 

300°C 

UNITS 

v 
V 

V 

V 

mA 

mA 

ns 

ns 

mA 

C 
:::t 
o 
o 
w 
U'1 
"'
C 
:::t 
o 
o 
w 
U'1 
n 

HI 



~ 
Digital Drivers 

NAll0NAL 

DH3461C quad PNP core driver 

general description typ ical characteristic,s 

Turn-ON Time 

Turn-OFF Time 

Collector Current 

The DH3467C consists of four 2N3467 type PNP 
transistors mounted in a 14-pin molded dual-in-line 
package. The device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, high stand-off voltage, and 
fast turn-on and turn-off times. 

Collector-Base Breakdown Voltage 

Collector Saturation Voltage 

connection diagram 

, 
+-i -
I I 
I I 
I I 
I I 

-11.ZV I I 
1--1 t, r--, 

---l t1 f---I 13 ~ 

zooS! 

1N916 

··lDV 

59n 

'3V 

at Ie = lA 

Collector Saturation Voltage 
at Ie = O.5A 

Dual-in-Line Package 

NC 

TOP VIEW 

Order Number DH3467CN 
See Package 17 

SCOPE 

-'~l-f--

-1O.8VU t3<1)1S 

2<t, <500/l, 

DUTY CVCLE~2% 

200n 

-lOY 

5911 

18 ns 

45 ns 

1A 

120V typo 

O.55V 

O.31V 

SCOPE 

PW=200ns 
RISETtME<2 n& 
DUTY CYCLE 2% 

FIGURE 1. Turn-On Equivalent Test Circuit FiGURE 2. Turn-Off Equivalent Test Circuit 

Vee ~ -JOV 

DUTY CYClE=2% 

59H 

180n 

FIGURE 3. QT Test Circuit 
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absolute maximum ratings 

Collector to Base Voltage 
Collector to Emitter Voltage 
Collector to Emitter Voltage (Note 1) 
Emitter to Base Voltage 
Collector Current - Continuous 
Power Dissipation (T A = 25°C) (each device) 
Power Dissipation (T A = 25°C) (total package) 
Operating Junction Temperature .-
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 

40V 
40V 
40V 

5V 
1.0A 

0.85W 
2.5W 

150°C Max 
O°C to +85°C 

-65°C to +150°C 
300°C 

electrical characteristics (T A = 25°C, unless otherwise specified) 

LIMITS 

PARAMETER CONDITIONS MIN 

Collector to Base Breakdown Voltage (BV ceo) Ic= 10llA IE = 0 -40 

Emitter to Base Breakdown Voltage (BVEBO) IE = lO IlAlc =O -5.0 

Collector to Emitter Breakdown Voltage Ic = 10 rnA la = 0 -40 
(Note 1) (BVCEO ) 

DC Pulse Current Gam (Note 1) (hFE ) Ic = 150 rnA VCE = -1.0V 40 

DC Pulse Current Gain (Note 11 (hFEI Ic = 500 rnA VCE = -1.0V 40 

DC Pulse Current Gain (Note 1) (hFE ) Ic = LOA V CE = -5.0V 40 

Pulsed Collector Saturation Voltage (Note 1) (VCEtsat)1 Ic=150rnA la=15rnA 

Pulsed Collector Saturation Voltage (Note 1) (VCEtsadl Ic = 500 rnA la = 50 rnA 

Pulsed Collector Saturation Voltage (Note 1) (VCEtsatll Ic = 1.0A la = 100 rnA 

Pulsed Base Saturation Voltage (Note 1) (VBElsatl) Ic= 150 rnA la= 15 rnA 

Pulsed Base Saturation Voltage (Note 1) {VsEtsadl Ic = 500 rnA la = 50 rnA -0.8 

Pulsed Base Saturation Voltage (Note 1) (VBEtsatll Ic = 1.0A la = 100 rnA 

Collector Cutoff Current (leBo) Vca = -30V la = 0 

Collector Cutoff Current (lCBO(100"C) Vca = -30V I. = 0 

Collector Cutoff Current (lcExl Vcs = -30V VEa = -3.0V 

Base Cutoff Current (led Vca = -30V VES = -3.0V 

Total Control Charge (Figure 3) (aT) Ic = 500 rnA Is =50rnA 

Turn On Delay Time (Figure 1) (td ) Ic= 500 rnA la, = 50 rnA 

Rise Time (Figure 1) (t,) Ic = 500 rnA la, = 50 rnA 

Storage Time (Figure 2) h.l Ic = 500 rnA le1 = 182 = 50 mA 

Fall Time (Figure 21 (tfl Ic= 500 rnA 1.,= la2 = 50 rnA 

Output Capacitance (f = 100 kHz) (Cob) IE=O Vc.=-10V 

Input Capacitance If = 100 kHz) (Cib ) Ic = 0 Vca = -0.5V 

High Frequency Current Gain (f = 100 MHz) (hie) Ic = 50 rnA V CE = 10V 1.75 

Note 1: Pulsed test, PW = 3001.15, duty cycle = 1 % 

7·21 

MAX UNITS 

V 

V 

V 

120 

-0.30 V 

-0.50 V 

-1.0 V 

-1.0 V 

-1.2 V 

-1.6 V 

DIll 100 nA 

15 IlA 

100 nA 

120 nA 

6.0 nC 

10 ns 

30 ns 

60 ns 

30 ns 

25 pF 

100 pF 
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Dig italD rivers 

NATIONAL 

DH3725C quad NPN core 'driver 

general description typical characteristics 

Turn-ON Time 

Turn-OFF Time 

Collector Current 

The DH3725C consists of four 2N3725 typeNPN 
transistors mounted in a 14'pin molded dual·in-line 
package. The device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, high stand-off voltage, and 
fast turn-on and turn-off times. 

Collector-Base Breakdown Voltage 

Collector Saturation Voltage 
at le= lA 

Collector Saturation Voltage 
at Ie = O.5A 

connection diagram 
Dual-In-Line Package 

14 

NC NC 

TOP VIEW 

Order Number DH3725CN 
See Package 17 

switching time :test circuit 

-l.BV +30V 

1m 

lKn 

JL lQJ.lF 

.V'N1~ 
VIN=+9.7 62,Q 

t,&t,5:1M 

PW<><1fJ$ ":' ":" 
liN = 50n 
DUTY 'CYCLE < 2% 

IC '" 500 mA, IB1 '" 50 rnA, IB2 '" -50 mA 
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18 ns 
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absolute maximum ratings 

COllector to Base Vo.ltage 
Collectar to Emitter Voltag~ 
Collector to Emitter Voltage (Note 1) 
Emitter to Base Voltage 
Collector Current - Continuous 
,Power Dissipation (T A: 25°C) 
Power Dissipation (T c : 25°C) 
Operating Junction Temperature 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 

BOV 
80V 
50V 

6V 
1.0A 
0.6W 
1.5W 

150°C Max 
O°C to +85°C 

-65°C to +150°C 
300°C 

electrica f characteristics- Each transistor (T A: 25°C, unless otherwise specified) 

LIMITS 
PARAMETER CONDITIONS 

MIN TYP MAX UNITS 

Collector to Emitter 
Sustaining Voltage (VCEO (sust) 

Collector to Emitter 
Breakdown Voltage (BV CES) 

Collector to Base 
Breakdown Voltage (BV cso) 

Em itter to Base 
Breakdown Voltage (BVESO ) 

Collector Saturation 
Voltage (VCE isatl) (Note 2) 

DC Pulse Current Gain (h FE) (Note 2) 

Base Saturation 
Voltage (VSE (Sat) (Note 2) 

Collector Cutoff Current (I cao) 

Turn-ON Time 

Turn-OFF Time 

.. t1igh frequency Current Gain 

Common Base, Open Circuit, Output 
Capacitance 

Common Base, Open Circuit, Input 
Capacitance 

Ic:l0mA,IS:0 

IC: lA, Is: 100mA 
Ic: 0.5A, la : 50 mA 
Ic: O.lA, la: 10 mA 

Ic: lA, VCE : 5V 
Ic: 0.5A, VCE : lV 
Ic: O.lA, VCE : lV 

Ic: lA, Is : 100 mA 
Ic: 0.5A, la: 50 mA 
Ic: O.lA, la: 10 mA 

IE : 0, Vca : 60V 

Ic: 0.5A, lal : 50 mA 
(See test circu it) 

Ic : 0.5A, ial : 50 mA 
la2: 50 mA 
(See test circuit) 

f: 100 MHz, Ic : 50 mA, 
VCE: 10V 

IE : 0, Vca : 10V 

Ic: 0, VSE : 0.5V 

50 

80 

80 

6.0 

25 
35 
60 

2.5 

0.55 
0.31 
0.19 

65 
45 

0.95 
0.52 
0.26 

90 150 

1.10 1.70 
0.95 1.20 
0.75 0.86 

0.33 1.70 

18 30 

45 60 

4.5 

4.8 10 

40 55 

Note 1: Ratings refer to a high-current point where collector-to-emitter voltage is lowest. 

Not. 2: Pulse conditions: Length = 300 IlS, duty cycle = 1%. 
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~ 
NAnONAL 

DH6376C quad NPN core driver 

DESCRIPTION 

The DH6376C consists of four 2N6376 type NPN 
transistors mounted in a 14-pin molded dual-in-line 
package. The device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, and fast turn-on and turn-off 
times. Also available in ceramic dual-in-line as 
DH6376. 

TYPICAL CHARACTERISTICS 

Turn-On Time 
Turn-Off Time 
Collector Current 
Collector-Base Breakdown Voltage 
Collector Saturation Voltage 

at Ie = lA 
Collector Saturation Voltage 

at Ie O.5A 

12 ns 
28 ns 

lA 
110V typo 

0.48V 

O.31V 

ABSOLUTE MAXIMUM RATINGS 

Digital Drivers 

CONNECTION DIAGRAM 

Dual-In-Line Package 

14 

NC NC 

TOP VIEW 

Order Number DH6376CN 
See Package 17 

Collector to Base Voltage ........................................ 75V 
Collector to Emitter Voltage (Note) ....................... : ........ 40V 
Emitter to Base Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6V 
Collector Current - Continuous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.0A 
Power Dissipation (T A = 25° C) each device. . . . . . . . . . . . . . . . . . . . . . . .. O.85W 
Power Dissipation (T A = 25°C) total package- . . . . . . . . . . . . . . . . . . . . . . .. 2.5W 
Operating Junction Temperature ............................. 150°C Max 

... Operating Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to +85°C 
Storage Temperature Range ...................... .' ..... -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) ........................... 300°C 

Note: Ratings refer to a high-current point where collector-to-emitte; voltage is lowest. 



ELECTRICAL CHARACTERISTICS 

Each transistor (T A ~ 25°C, unless otherwise specified) 

PARAMETER 

Collector to Emitter Sustaining Voltage 

(V CEO (sust)) 

Collector to Base Breakdown Voltage 
(BVCBO ) 

Emitter to Base Breakdown Voltage 

IBVEBol 

Collector Saturation Voltage (VCE(SAT)) 

INote 11 

DC Pulse Current Galrl {hf-El {Note 11 

Base Saturation Voltage (V BE (SAT)) (Note 1) 

Collector Ciltoff Currellt (I eso) 

Turn-ON Time 

Turn-OFF Time 

High Frequency Current Gain 

Common Base, Opeil Circuit, Output Capacitance 

Common Base, .open Circuit, Input Capacitance 

CONDITIONS 

Ie -010 mA, IB cO 

Ie laMA. IE co. 0 

Ie =- D, IE 10~A 

Ie co 1A, I" -=- 100 mA 

Ie '" O.5A. 11:1 = 50 rnA 
Ie O.lA,i B =10mA 

Ie = lA, VeE ..= lV 

Ie '-' O.5A, VeE ~' lV 

Ie =- a.1A. VeE = lV 

Ie '-' lA, \s = 10DmA 

Ie = 05A. Is c 50 mA 
Ie - O.lA, 18 = 10 mA 

IE =0, Ves =-GOV 

Ie '- O.5A. \B1 = 50 mA 
(See test CirCUit) 

Ie ~- O.5A, IS1 =: 50 mA, IS2 = 50 mA 
(See te~t CirCUit) 

f ~ 100 MHz. Ie = 50 mA. VeE ~ 10 V 

IE =O,Vcs =10V 

Ie =- 0, VSE = O.5V 

Note 1: Pulse conditions: Length ==- 300,1..£5, duty cycle'" 1%. 

TYPICAL PERFORMANCE CURVES (each transistor) 

DC Current Gain vs VCE(SAT), Coliector 
Collector Current Saturation Voltage 

"0 D.' 

'-'- ~ ,: 1111111 ~=125ocl VeE'" lV 

z 100 D.' 
il II! I ]'\ I I. I 1111111 
~ " D.' Z 1 L 1'\ II ;<: liT; lolii!, 
~ 

" ~ 0.3 TAT'!, T;; ,\;!i 'I 
~ , 40 0.2 

TA=-WI: TA 0 _55°'1 ! 
~ 

2U D.' 

III I IIllilli 0 • 10 100 '000 10 100 1000 

Ie - COLLECTOR CURRENT (rnA) Ie - COLLECTOR CURRENT (rnA) 
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MIN 

40 

75 

6.0 

20 
30 
60 

10 

20 

3.0 

;<: 

~ :: 

'.3 

,., 
0.' 

0.1 

D.' 

0.3 

LIMITS 

TYP 

0.48 

0.31 
0.19 

1.05 
0.93 
0.75 

12 

28 

MAX 

0.55 
0.4 

0.25 

90 

1.20 
1.00 

0.80 

0.5 

20 

35 

9 

60 

VBE(SAT), Base 
Saturation Voltage 

I, 
10 i; 

JJ 
TA* ....... 

TA "25"C 

T)'~ i-""" 

I j I 
J 

10 '00 

Ie - COLLECTOR CURRENT (mAl 

'000 

UNITS 

v 

v 

v 

v 
V 

V 

ns 

ns 

pF 

pF 

I 

C 
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0') 
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CD 
~ TYPICAL PERFORMANCE CURVES (Con't) (each transistor) 
CD 
:::t 
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VBE(ON), Base Emittar 
On Voltaga 
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Capacitance vs Reverse 
Bias Voltage 
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Temperature 
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~ o lA-AI 0 Products 

NAll0NAL 

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 appl ications. 

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 

,--------.------OV'N 

Cl 

R2 

J 
GNO 

(CASE) 

typical applications 

>.-,--oVOUT 

+15Vo-.... ------4~----...... ~----~ 
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% 

12.5V to 40V 

0.1.12 
0.1 mV!V 

100jJVp,p 

• 3·lead TO-5 (pin compatible with the LM109) 

• Short circuit proof 

• Low standby current 

connection diagram 

TO·5 Metal Can Package 

BOTTOM VIEW 

See Package 19 

Order Numbers: 

LH0070 - 1 H LH0071 - 1 H 
LH0070 - 2H LHOO71 - 2H 

t15V 

3mA 

t-'-------OVOUT 

r-'VII\r-.... -'VII\r--'lIV'.,-... -o-15V 

100 
'-------------"I/VIr--i--ObOU~~~T 

<-Note TIle output of the lH0070 and LH0071 may he adjusted to a 
preCise voltag~ by lIslng the above Circuit since the supply current of 
the deVices IS relatively small ~nd, tunstant With temperature and Input 
Voltage. For the ClfClut sh(Jwn,supply sensitivll!esare degraded slightly 
to O.Ol%/V change in .YOUT lor chan~es in VIN and V-. 

Statistical Voltage Standard 

+ 
OPTIONAL T 

8-1 

An additional temperature drift of 0.0001%/ C is added due to the 
varlal!Oll of supply current with temperature of the lH0070 and 
lH0071.Sensitivity tll thcvalue 01 Rl, R2 and Rl is less than 0,001%/% 

*Output Voltage Fine Adjustment 

r
::J: 
o 
o 
~ 
r
::J: o o 
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absolute maximum ratings 

Supply Voltage 

Power Dissipation (See Curve) 

Short Circuit Duration 

Output Current 

Operating Temperature Range 
Storage Temperature Range 

40V 

600mW 

Continuous 

±20 mA 
-55°C to +125°C 
-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics (Note 1) 

PARAMETER CONDITIONS 

Output Voltage T A =25°C 
LH0070 
LH0071 

Output Accuracy TA =25°C 
-1 
-2 

Output Accuracy 
-'-1 
-2 

Output Voltage Change With (Note 2) 
Temperature 

-1 
-2 

Line Regulation 13V <::: V IN <::: 33V, T c = 25° C 
-1 
-2 

Input Voltage Range 

Load Regulation o mA <::: lOUT <::: 5 mA 

, Quiescent Current 13V <::: V ,N <::: 33V, lOUT = 0 mA 

Change In Quiescent Current i1V ,N = 20V From 13V To 33V 

Output Noise Voltage BW = 0.1 Hz to 10Hz, T A = 25° C 

Ripple Rejection f = 120 Hz 

Output Resistance 

Long Term Stability T A = 25°C (Note 3) 
-1 

-2 
. 

MIN TYP 

10.000 
10.240 

±0.03 
±0.02 

, 

±0.02 
±0.01 

0.02 
0.01 

12.5 

0.01 

2 3 

0.75 

100 

0.01 

0.12 

MAX UNITS 

±0.1 
±0.05 

±0.3 
±0.2 

±0.1 
±0.04 

0.1 
0.03 

40 

0.03 

5 

1.5 

±0.2 
±0.05 

v 
V 

% 
% 

% 
% 

%' 
% 

% 

% 

V 

% 

mA 

mA 

f.1Vp-p 

%/yr. 
%/yr. 

Note 1: Unless· otherwise specified, these specifications apply for V I N = 15.0V, H L ~ 10 kn. and over the temperature range of -550 C .:; T A .:; 
+125°C. 

Note 2: This specification is the difference in output voltage measured at T A = +850 C and at T A -= -250 C with readings taken after oven and 
device-under-test. stabilization at temperature using a suitable precision voltmeter. 

Note 3: This parameter is guaranteed by design and not tested. 

'8-2 



typical performance characteristics 

Maximum Power Dissipation 
700 .--,r-~~"""'-~-~--' 

100"C 
600 ~~JC = ---w-' T.uMAXI = 150°6 

II" zoO'c 
z 500 I--II--"t--+---j OJA = --w-
~ 400 f-I-I--+r'\.-"tt-+-+~ 
~ 300 f-I---+--+~~+-+~ 
'" " !Ii! ZOO f-I---+--+---t>r'v+~ 
~ .,.. 

100 f-I-~-+--+-+-+-'I-~ 

~ ~ ~ 100 U5 1~ 

AMBIENT TEMPERATURE ('CI 

Step Load Response 
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!i 0 
!;i -500 

~ 
Q 

'" ~ 500 
Q 

> 

I .... 

,.... 

I I I 
I I I 

1r"T' 1 1 
CL -10 pF 

I I I 
I I I 

CL = O.Ol~F 

T-I 1 

Quiescent Current vs Input 
Voltage 

TA = -55"C 
TA'+Z5'C ~ ~ 

f-TA '+125°C~ "J> ~ I.-,.. r-- I? -I-"" 
1Ft-

I 
~ 

1/ 
10 15 ZO 25 30 35 

INPUT VOLTAGE (VI 

~ -500 

5 
Q 

DELTA CURRENT' 5 mAt-tt 
PULSE WIDTH' Z.' 

VERT: zo.v 
OIV. 

HORIZ: Z SEC 
DlV. 

TIME (.,1 

typical applications (con't) 

1 ..... 

+ 

3Dk 
lW 

Noise Voltage 

BW=O.lHzT010Hz 

14D-18DV PEAK 

Normalized Output Voltage 
vs Temperature 

~ 

;;! O.Z 1--+--1--l-+-I--+----1 
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Q> 
~~ 
~~ -0.1 ~~~+--l-+-P~~ 
;j 
~ -0.2 
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Output Short Circuit 
Characteristics 

10 15 ZO 25 30 

OUTPUT CURRENT (mAl 

47k 
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NOMINAL 

117Vrms 
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lDj,lF 
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typical applications (con 't) 
+--'---~----1---------~--~~--~~------~ 

27-32Voc 
RAW INPUT ' 

Dual Output Bench Power Supply 

r------------.... ---1~---+15V 

31' 

Precision Process Control Interface 

'<'." 
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VOUT : IOV FOR 20 rnA 
ov fOR 4 rnA 
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D/A-A/D Products 

NAnONAL 

LM199/LM299/LM399 precision reference 
general description 
The LM'199/LM299/LM399 are precision, temperature· 
stabilized 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 0.511 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 
LM199 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 

., 

" 
L---------4---4---4---~-----4----4---~4 v-

Temperature Stabilizer 

connection diagram 

Metal Can Package 

~ 
~ 

TO'VtEW 

Order Nu mbar 
LM199H 
LM299H 
LM399H 

See Package 25 

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 LM 199 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 rated from O°C to +70°C. 

features 

• Guaranteed 0.0001 %tc temperature coefficient 
• Low dynamic impedance - 0.511 
• I nitial tolerance on breakdown voltage - 2% 
• Sharp breakdown at 400llA 
• Wide operating current - 500llA to 10 mA 
• Wide supply range for temperature stabilizer 
• Guaranteed low noise 
• Low power for stabilization - 300 mW at 25°C 

• Long term stabil ity - 20 ppm 

311pf 

'Uk 

" 

D3 
8.3V 

Reference 

u. 

2 -

functional block diagram 

~
' 

r- --- -, 
I H I 
I I 
I I L_ ___ --.l 
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absolute maximum ratings 

Temperature Stabilizer Voltage 40V , 

Reverse Breakdown Current 20mA 
Forward Current 1 mA 

Reference to Substrate Voltage VIAS) (Note 1) +40V 
-<l.lV 

Operating Temperature Range 
LM199 --55°C to +125°C 

LM299 -25°C to +85°C 

LM399 O°C to +70°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics (Note 2) 

LM199/LM299 LM399 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Reverse Breakdown Voltage 0.5 mA::; I R ::; 10 mA 6.8 6.95 7.1 6.6 6.95 7.3 V 

Reverse Breakdown Voltage 0.5 mA ::; I ::; 10 mA 6 9 6 12 mV 

Change With Current 

Reverse Dynamic Impedance IR = 1 mA 0.5 1 0.5 1.5 n 
Reverse Breakdown -55°C::; TA ::; 85°C } 0.00003 0.0001 %/oC 

85°C::; T A ::; 125°C 
LM199 

%fC Temperature Coefficient 0.0005 0.0015 

-25°C::;TA ::;85°C LM299 0.00003 0.0001 %fC 

0° C ::; T A ::; 70° C LM399 0.00003 0.0002 %/oC 

RMS Noise 10 Hz::;f::; 10kHz 7 20 7 50 MV 

Long Term Stability Stabilized, 22°C::; T A ::; 28°C, 20 20 ppm 

1000 Hours, I R = 1 mA ±0.1 % 

Temperature Stabilizer TA = 25°C, Still Air, Vs = 30V 8.5 14 8.5 15 
mA 

Supply Current TA =-55°C 22 28 

Temperature Stabilizer 9 40 9 40 V 

Supply Voltage (Note 3) 

Warm·Up Time to 0.05% Vs= 30V, T A = 25°C 3 3 Seconds 

Initial Turn·on Current 9::;Vs ::;40,TA =25°C 140 200 140 200 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 ~ T A ~ +12SoC for the LM199; -25°C ~ T A ~ +85'C 
for the LM299 and 0° C ~ T A ~ + 70° C for the LM399. 
Note 3: CAUTION. If the device is operated for more than 60 seconds with heater supply voltage between 2V and 9V the heater temperature control 
circuitry is not properly biased and the device can rise to approximately +150°C. 



typical performance characteristics 
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Reverse Characteristics 
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typical applications 

Single Supply Operation 

9V TO 40V ---i~-----. 

TEMPERATURE 
STABILIZER 

6.95V 

Negative Heater Supply with 
Positive Reference 

R, 

Split Supply Operation 

+15V-,-.... -----. 

-15V 

Buffered Reference 
With Single Supply 

+15V-------..., +15V--.... ----... --------, 

-9VTO 
-J3V 

TEMPERATURE 
STABILIZER 

6.95V 

7.5k 

TEMPERATURE 
STABILIZER 

6.95V 

Positive Current Source 

7.5k 

lOVTO 40V-.... -,---... --.... ------.... -----, 

Standard Cell Replacement 

TO~~~--.... -----~~---------------, 

TEMPERATURE 
STABILIZER 

6.95.V 

7.5k 

12k 
0.1% 

20k 

2k 
0.1% 

8-8 

350 
0.1% 

9k 

OUTPUT 

10V 



typical applications. (con 't) 

Negative Current Source 

7.Sk 

300 

_25V ___ ~ ____ "" __ "" ____ "" ________ ..J 

Square Wave Voltage Reference 

+15V 

lOpF 
1.Sk SDk ~ 

.--NV---.... --.J'VII ...... - ..... ..--+'-! .-- OUTPUT 

TEMPERATURE 
STABILIZER 

6.9SV 

LM199 

tOOk 

lN457 

OTO -tOY 
INPUT 

SQUARE WAVE 

14V Reference 

TEMPERATURE 
STABILIZER 

TEMPERATURE 
STABILIZER 

6.9SV 

LM199 

G.9SV 

LM199 

Portable Calibrator* 

-L 

[ 
-12V TO 

18V--

-

lOOk 

r--

] TEMPERATURE 
STABILIZER ~ 

6.95V'.j ~ 

lM199 

1 

~~7 
lMt12 

3 

/' 

'" 1% 

3k 

[1 TRIM 

S.8k 
1% 

6 

5k 

·Warrn·uptimel0seconds;intermittantopetationdoesnotdegrade long term stabihty, 

Precision Clamp* 

CLAMP 
INPUT 

OUTPUT 
IOV 

+-------..... ..---OUTPUT 

+15V--.... ----., 

15k 

TEMPERATURE 
STABILIZER 

G.9SV 

lM199 lN914 

*Clamp will sink 5 rnA when input goes more positive than reference. 

8·9 
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typical applications (con't) 

OV to 20V Power Reference 

25V T040V---t-----... --------------~ ..... ------__. 

TEMPERATURE 
STA81l1ZER 

6.95V 

lM199 

6k 

Bipolar Output Reference 

+15V--_ ..... -----, 

-15V 

TEMPERATURE 
STABILIZER 

6.95V 

lMlg9 

1.5k 

5O').f_--....:!.l 

8-10 

-5V 

50' 

OUTPUT t 6.9V 

-15V 30 pF 

lM195K 



~ 
D/A-A/D Products 

NAnONAL 

LM199A/LM299A/LM399A precision reference 
general description 
The LM 199A/LM299A/LM399A are precision, tempera
ture-stabilized monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference zeners. Constructed on a single monol ithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.5£1 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 
LM 199A is free of voltage sh ifts due to stress on the 
leads. Finally, since the unit is temperature stabilized, 
warm up time is fast. 

The LM199A 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 

QI 

Temperature Stabilizer 

connection diagram 

Metal Can Package 

~ 
~ 

TOP VIEW 

Order Number 
LM199AH 
LM299AH 
LM399AH 

See Package 25 

calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM 199A can replace references in existing equipment 
with a minimum of wiring changes. 

The LM 199A series devices are packaged in a standard 
hermetic T0-46 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 +85°C and the LM399A is rated from O°C to +70°C. 

features 

• Guaranteed 0.00005%tC temperature coefficient 

• Low dynamic impedance - 0.5£1 

• Initial tolerance on breakdown voltage - 2% 

• Sharp breakdown at 400/.lA 
• Wide operating current - 500/.lA 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 

30k 

30pf 

" 

03 

'" 

Reference 

2.6k 

functional block diagram 

W' ,- --- -, 
I H I 
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I I L ____ -.J 
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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 

LM199A 
LM299A 

LM399A 
,Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

electrical characteristics (Note 2) 

40V 

20mA 

1 mA 
+40V 

--{).1 V 

-55°C to +125°C 
-25°C to +85°C 

O°C to +70oe 
-55°C to +150°C 

300°C 

LM199A, LM299A 
PARAMETER CONDITIONS 

MIN TYP MAX 

Reverse Breakdown Voltage 0.5mA::;IR::;10mA 6.8 6.95 7.1 

Reverse Breakdown Voltage 0.5mA::;IR::;10mA 6 9 

Change With Current 

Reverse Dynamic Impedance IR = 1 mA 0.5 1 

Reverse Breakdown -55°C<TA <850C} 0.00002 0.00005 

85°C::; T A::; 125°C 
LM199A 

Temperature Coefficient 0.0005 0.0010 

-25°C::; T A ::; 85°C LM299A 0.00002 0.00005 

DoC::; T A :S; 70°C LM399A 

RMS Noise 10 Hz::;f::; 10kHz 7 20 

Long Term Stability Stabilized, 22°C::; T A::; 28°C, 20 

1000 Hours, I R = 1 mA ±0.1% 

Temperature Stabilizer T A = 25°C, Still Air, Vs = 30V 8.5 14 

Su pply Current TA = -55°C 22 28 

Temperature Stabilizer 9 40 

Supply Voltage (Note 3) 

Warm·Up Time to 0.05% V s = 30V, T A = 25° C 3 

Initial Turn·on Current 9::; Vs ::; 40, T A = 25°C 140 200 

LM399A 
UNITS 

MIN TYP MAX 

6.6 6.95 7.3 V 

6 12 mV 

0.5 1.5 Q 

%/oC 

%fC 

%fC 

0.00003 0.0001 %/oC 

7 50 /lV 

20 PPrl) 

8.5 15 
mA 

9 40 V 

3 Seconds 

140 200 rnA 

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 -5S"C .:::; TA$ +12SoC for the LM199A; -2SoC $. TA :::; 
+85°C for the LM299A and O°C:o; TA:O; +70°C forth. LM399A. 

Note 3: CAUTION. If the device is operated for more than 60 seconds with heater supply voltage between 2V and 9V the heater temperature 
control circuitry is not properly biased and the device can rise to approximately +150° C. 

8-12 



typical performance characteristics 
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typical applications 

Single Supply Operation 

9VT040V-~~---....., 

TEMPERATURE 
STABILIZER 

6,95V 

Negative Heater ~upply with 
Positive Reference 

+15V----_---, 

-gvro 
-33V 

TEMPERATURE 
STABILIZER 

6.95V 

7.5k 

Split Supply Operation 

+15V--.... ----..., 

-15V 

TEMPERATURE 
STABILIZER 

6.95V 

Buffered Reference 
With Single Supply 

7.5k 

+15V--.... ----.... ---------. 

TEMPERATURE 
STABILIZER 

6.95V 

Positive Current Source 

7.5k 
9k 

10VT040V-.... ----.... --... _______ .... _____ , 

TEMPERATURE 
STABILIZER 

6.95V 

LM199A 

43k 

Standard Cell Replacement 

TO~~~----.-----1~-------------, 

t---.... --:--, ~~j~~; 
12k 
0.1'/;, 

10k 

lk 
01"/0 

lOOk 

8-14 

350 
0.1% 

OUTPUT 

IOV 



typical applications (con't) 

Negative Current Source 

75k 

300 

-25V------'---------~----~--------~----------------~ 

Square Wave Voltage Reference 

+15V 

10lf 
7.5k !iOk ~ 

.... --NII'---.... ---vV\l"---..... ,......;+, .- OUTPUT 

TEMPERATURE 
STABILIZER 

tM199A 

lOOk 

lN4~7 

010 -lOY 
INPUT 

SQUARE WAVE 

14V Reference 

TEMPERATURE 
STABILIZER 

TEMPERATURE 
STABILIZER 

6,95V 

lM199A 

6.95V 

lM199 

Portable Calibrator* 

-L 

I --t2V TO 
18V--

lOOk 

r--

~ "'" """"' STABILIZER l"" 
695V'.j .. 

lM199fr 

~ "', 
lM112 

3 

/-" 
19k 
J% 

3k rl TRIM 

Uk 
1% 

6 

5k 

·Warm·up time 10 seconds; Illtermittan! operation does 110t degrade lo-ng term stalJllity 

Precision Clamp* 

CLAMP 
INPUT 

OUTPUT 
IOV 

t-------------..... >--OUTPUT 

+l!iV ----,..---------, 

15k 

TEMPERATURE 
STABILIZER 

6.95V 

lM199A lN914 

·Clamp will sink 5 rnA when input goes more posItive thanleference 

8-15 
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typical applications (con't) 

OV to 20V Power Reference 

25V T040V---.-----... _-------------..... p----___ --. 

TEMPERATURE 
STABILIZER 

6,95V 

lMTY9 

6k 

Bipolar Output Refer.ence 

+15V--........ -----, 

-15V 

8-16 

-5V 

50k 

OUTPUT' 6.95V 



~ 
O/A-A/O Products 

NAT10NAL 

MM5330 4 1I2-digit panel meter logic block 

general description features 

• dc to 400 kHz operation The MM5330 is a monolithic integrated circuit which 
provides the logic circuitry to implement a 4-1/2 digit 
panel meter. The MM5330 utilizes P-channel low thres
hold enhancement mode devices and ion-implanted 
depletion mode devices. All inputs and outputs are TTL 
compatible with BCD output for direct interface with 
various display drivers. 

• TTL compatible inputs and outputs 

• BCD outPut code 

• Overrange blanking 

• Val id sign bit during overrange 

• Standard supply voltages; +5, -15V 

connection and block diagrams 

RESET 

CLOCK -{)--<f----i 

TRANSFER 

Dual-I n-Line Package 

SSD TSO LSD RESET TRANSfeR CLOCK INT VDD 

13 11 

MSD BCD BCD BCD SGN BCD 
"1" "2" "4" "8" 

50N 

TOPVIEW 

Order Number MM5330N 
See Package 18 

8-17 

10k v~ 

LSD TSO SSO MSD 



absolute maximum ratings 

Vol tage at Any Pi n 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

Vss + 0.3V to Vss - 25V 
O°C to +75°C 

-40°C to +125°C 
300°C 

electrical chara.cteristics 
TA within operating range, Vss = 4.75V to 5.25V, VDD = -16.5V to -13.5V unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Voltage (V 55) 

Power Supply Voltage (V DD ) 

Power Supply Current (Iss) 

Input Frequency 

Reset or Transfer Pulse Width 

No Load 

Vss = 5V, V DD =-15V 

4.75 

-16.5 

dc 

200 

5 5.25 

-15 -13.5 

30 

400 

V 

V 

mA 

kHz 

ns 

Input Voltage Levels 
Logic "1" 
Logic "0" 

Inputs Driven by TTL or Square Waves 
Inputs Driven by TTL or Square Waves 

3 
-15 

5 
0.8 

V 
V 

Clock Input Voltage Levels 
Logic "1" 
Logic "0" 

Driven by Sinewave 

Driven by Sinewave 

Output Current Levels 
Digit Output State 

Logic "1" 

Vss = 5V, V DD =-15V 

Logic "0" 
Va Forced To 4.75V 
Va Forced To 4.5V 

All Other Outputs 
Logic "1" 
Logic "0" 

Va Forced To 3V 
Va Forced To O.4V 

Delay From Digit .Output to BCD Output 

FUNCTIONAL DESCRIPTION 

Counters: The MM5330 has four ';-10 counters, one 
.;-4 counter, and one ';-2 for a_ count of 80,000 clock 
pulses. A ripple carry is provided and all counter flip
flops are synchronous with the negative transition of 
the input clock. The last flip·flop in the divider chain 
(';-2 in the block diagram) triggers with the "0" to "1" 
transition of the_previous flip-flop. The count sequence 
is shown in the first column of the count diagram. 

Reset: All counter stages are reset to "0" and the I NT 
flip-flop (driving the INT output) is set to "1" onthe. 
first negative clock transition after a "0" is applied to 
the Reset input. The internal reset is removed on the 
first negative clock transition after the internal reset 
has occured and a "1" has been applied to the Reset 
input. This timing provides an on-chip reset at least one 
clock cycle wide and a one cycle delay to remove reset 
before counting begins. 

Transfer: Data in the counters is transferred to the 
latches when the Transfer input is at "0." If the 
Transfer input is held low the state of the counters is 
continuously displayed (see count diagram). Data will 
cease to transfer to the latches on the first positive clock 

8-18 

Vss+0.3 
Vss-4.5 

V 
V 

100 
-5 -20 

pA 
mA 

100 
-2 

pA 
mA 

0.1 5 

transition after the first negative clock transition after a 
"1" is applied to the Transfer input. This provides a 
transfer pulse at least one half clock cycle wide and a 
half clock- cycle delay to remove the transfer signal 
before the counters change state_ 

ps 

INT: The integrate output is used to set the charge time 
on a dual slope integrator. INT is "1" from reset to the 
18,000th clock pulse, then "0" until the next reset. The 
dual slope integrator is the voltage monitoring part of 
the external circuitry needed for a DPM. It charges a
capacitor at a rate proportional to the measured voltage 
while I NT is "1," then discharges at a rate proportional 
to a fixed reference as shown in the clual slope diagram. 
When the output of the integr~tor reaches OV a pulse is 
generated and fed into the Transfer input of the chip. 
As the dual slope diagram indicates, the number in the 
latches is proportional to the measured voltage. 

Multiplexing: The modulo 4 multiplex counter is 
triggered by the carry from the second decade counter, 
making the multiplex rate one hundredth the counting 
rate (4 kHz for a 400 kHz clock). The LSD, TSD, SSD 
and MSD (least significant, third significant, second 
significant and most significant digits) outputs indicate 
by a low level which decade latch is displayed at the 
BCD outputs. 



FUNCTIONAL DESCRIPTION (Continued) 

Overrange Blanking and Sign: The data in the latch for 
the -;-2 counter is used to detect an out-of-range voltage_ 
If this latch is "0" the BCD and 10k outputs are forced 
to all "1 's" and the SGN output is inverted. When the 
data in the overrange latch and the sign bit latch are "1" 
the sign bit generates the 9's complement of the decade 
latches and the complement of the 10k latch at the 
respective outputs. When the overrange bit is "1" and 
the sign bit is "0" true BCD of the decade latches and 
the uncomplemented 10k latch appear at the outputs. 

APPLICATIONS INFORMATION 

The MM5330 is the display and control for a modified 
dual slope system. It contains the counters and latches, 
together with a multiplexing system to provide 4 digits 
of display with one decoder driver_ It also provides a 

count diagram 

INTERN~L STATES 

o 
o 
o 

• • • 9 
o 

• • • 7 

DECADE 
COUNTERS 

0 0 
0 0 

0 

9 
0 

8 0 

0 

sign digit, either plus or minus, and a ten-thousand 
counts digit for full display of ±19999. By eliminating 
the right-most digits it may also be used as a 2-112 or 
3-1/2 digit DVM chip. 

The basic modified dual slope system for which the 
MM5330 is designed, is shown in Figure 1. The integrator 
is now used in a non-inverting mode and is biased to 
integrate negatively for all voltages below V MAX. Thus 
if the maximum positive voltage at V'N is 1.9999V, then 
VMAX would be set at 2.200V. In this way, all voltages 
measured are below VMAX . This eliminates the need for 
reference switching and provides automatic polarity with 
no additional components. Also, it can be shown that 
the amplifier input bias currents which cause errors in 
conventional dual slope systems are eliminated by merely 
zeroing the display. Thus low bias current op amps are 
not necessarily required unless a high input impedance is 
desired at V'N. 

OUTPUTS WITH TRANSFER LOW 

" UJ .... 
BCD LL_ 

.0: .... 
_UJ DECADE 
.... '" 2 x OUTPUTS 2 UJ <:J := -" '" 

• 
• • 

OUTPUT 

• BLANKED 

• • 

• • 
• 

" } POSITIVE 
OVER RANGE 

• 
• 

9 9 
o 0 0 

• • 
• 9 
o 0 0 0 

• • • 9 

• • 
• 9 
o 0 

• 
• • 9 9 

o 0 

o 

9 
o 0 

• 
• • 

0 O} 
J 

DISPLAY 

ZONE 

POSITIVE 
VALUE 

NEGATIVE 
VALUE 

NEGATIVE 
OVER RANGE 
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APPLICATIONS INFORMATION (Continued) 

Secondly, the use ofa conventional op amp for a 
comparator allows zeroing of all voltage offsets in both 
the op amp and comparator. This is achieved by zeroing 
'the voltage on the capacitor through the us~ of the 
comparator as part of a negative feedback loop. During 
the zeroing period, the non·inverting input of the 
integrator is at VREF '. As this voltage is within the active 
common·mode range of the integrator the loop will 
respond by placing the integrator and comparator in the 
active region. The voltage on the capacitor is no longer 
equal to zero, but rather to a voltage which is the sum 
of both the op amp .and comparator offset voltages. 
Because of the intrinsic nature of an integrator, this 
constant voltage remains throughout the integrating. 
cycle and serves to eliminate even large offset voltages. 

The waveforms at the output of the integrator are as 
shown. The voltage at A is the comparator threshold just 
discussed. Simultaneously, with the opening of switch A, 
V IN is connected to the input of the integrator via 
switch B. The output then slews to VIN . Integration then 
begins for the reference period, after which time the 
reference voltage is again applied to the input. The 
output again slews the difference between VREF and 
V IN and integrates for the unknown period until the 
comparator threshold is crossed. At this point, the 
accumulated counts are transferred from the counters 
to the latches and zeroing begins until the next 
conversion interval. 

It may be obvious, however, that while we hllVe 
eliminated several of the basic dual slope circuits 
disadvantages, we have created another-the number 
of counts are no longer proportional to VIN but rather 
to (VMAX-VIN)' In fact, when we short VIN to ground 
we are actually measuring our own 2.2000 VMAX • 

What is done in the MM5330 is to code convert the 
number of counts as shown in the count diagram. This 
chart shows a code conversion starting at the time of a 
reset. The first 18,000 counts are the reference period 
after which time the integrator changes slope. If a com· 

dual slope diagram 

BLANKING ZONE I I 
n,OOO~l I POSITIVE OVERRANGE 

OURING INTEGRATION I ~ POSITIVE VALUES 

8·20 

parator crossing is detected within the next 2000 
counts, a plus overrange condition will occur at the 
display. This condition results in a lit "+" sign; a Iit.'T' 
and four blanked rightmost digits. A transfer at 20,000 
however, will create a .reading of +1.9999, at 20,001 a 
reading of 19.998 and so on, until at 39,999 a reading 
of +0000 would be displayed. A transfer occuring at 
40,000 would cause a -{l000 display and so on until 
60,000 counts were entered at wh ich time a -1 with 
four blanked digits would be displayed indicating a 
minus overrange condition. 

A typical circuit for a low cost 4 1/2 digit DPM is 
shown in Figure 2. The display interface used is a TTL, 
7·segment decoder driver and four P·type transistors. 
The ±1 digit is driven directly by CMOS. The clocko 

synchronous reset and transfer. functions prevent any 
cyclic digit variations and present a blink·free, flicker· 
free display.CMOS analog switches are used as reference, 
zero, and input switches and used also in the comparator 
slew rate circuit. 

A problem with all dual slope systems occurs when short 
integrating times and high clock frequencies are used. 
Because of the very slow rise time of the ramp into the 
comparator, the output of the comparator will normally 
ramp at approximately 1/10. of its actual slew rate. 
Thus, a significant number of extra counts are displayed 
due to the slow rate of rise of the comparator. A 
technique to improve this consists of capacitor Cs and 
analog switch four. An unstable positive loop is created 
by this capacitor when the comparator comes out of 
saturation. This causes the output to rise at its slew rate 
to the comparator threshold. As soon as th is threshold 
is reached the analog switch opens and zeroing is initiated 
as previously discussed. 

A simplified approach to performing the modified dual 
slope function combines the MM5330 and the LF11300 
dual slope analog block as in Figure 3. The LF11300 
provides the front analog circuitry required. This 
includes a FET input amplifier, analog switches, inte· 
grator and comparator. The LF11300 provides auto 
zero, > 1000 MD. input impedance, and a ±10V analog 
range. 

NEGATIVE VALUES 

Vx IS the analo!l voltage 
to be converted. 

I 
I NEGATIVE I OVERRANGE 
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~ O/A-A/O Products 

NAnONAL 

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 AID converters. These devices contain all the logic 
and control circuits necessary in combination with a 
01 A converter to perform successive approximation 
analog-to-digital conversions. 

The DM2502 has 8 bits with serial capability and is not 
expandable. 

The DM2503 has 8 bits and is expandable without serial 
capabil ity. 

The DM2504 has 12 bits with serial capability and 
expandability. 

All three devices are available in ceramic DIP, ceramic 
flatpak, and molded Epoxy-B DIPs. The DM2502, 

log,ic 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 01 A converters using any logic code 

• Active low or active high logic outputs 

• Use as general purpose serial-to-parallel converter or 
ring counter 

01 (11) 06(10) ~~~~~~1- - - ~(;:1- - - ~ no 
I I 
I I 
I I 
I I 

0.7(11) 

L ___________ J 
Notel: Cell logic is repeated for reginerstlge5. 

05 10 Q1 DM2Sll2, DM2S0] 
091001DM2504 

NOle 2: Numbers In parentheses Ire lot DM2504. 

connection diagrams (Dual-In-Line and Flat Packages) 
DM2502, DM2503 

07 06 05 04 

116 15 14 13 11 11 

r-

1 2 

(OM2502) Oce 
DO 

(DM2503) 
E 

3 4 5 6 

00 01 Q2 03 

TOPVIEW 

Order Numbers 

DM2502J 
DM2502CJ 
DM2502CN 
DM2502W 

DM2502CW 

DM2503J 
DM2503CJ 
DM2503CN 
DM2503W 

DM2503CW 

See Packages 1 Bane! 22 

CP 

10 , 

7 .I' 
GND 
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DM2504 
Vee Qi1 NC all 0.10 09 08 07 116 Nt CP 

I" 23 22 21 20 " 18 17 16 15 14 13 

f-

1 2 3 4 5 6 7 , , 10 11 112 
-

00 !lee 00 Q1 Q2 03 04 05 Nt D GND 

TOP VIEW 

Order Numbers 

DM2504J 
DM2504CJ 
DM2504CN 

See Packages 20 and 23 
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absolute maximum ratings ·(Note 1) operating conditions 

MIN MAX UNITS 

Supply Voltage 7V Supply Voltage, VCC 
Input Voltage 5.5V DM2502C, DM2503C, 4.75 5.25 V 
Output Voltage 5.5V DM2504C 
Storage Temperature Range --£5°C to +150°C DM2502, DM2503, 4.5 5.5 V 
Lead Temperature (Soldering, 10 seconds) 300°C DM2504 

Temperature, T A 
DM2502C, DM2503C, 0 +70 °c 

DM2504C 

DM2502, DM2503, -55 +125 °c 

DM2504 

electrica I characteristics (Notes 2 and 3) Vee = 5.0V, TA = 25°C, CL = 15 pF, unless otherwise specified. 

PARAMETER 

Logical "1" Input Voltage (V 1H ) 

Logical "1" Input Current (lIH) 

CP Input 

D, E. Sinputs 
All Inputs 

Logi~al "0" Input Voltage (V1d 

Logical "0" Input Current (IlL) 

CP, S Inputs 
D, Elnputs 

Logical "1" Output Voltage (VOH ) 

Output Short Circuit Current 
(Note 41 (losl 

Logical "0" Output Voltage'(VOL ) 

Suppl y Current (t cd 
DM2502C 
DM2502 
DM2503C 
DM2503 
DM2504C 
DM2504 

Propagation Delay to a Logical "0" 
From CP to Any Output (tpdOJ 

Propagation Delay to a Logical "0" 
From E to 07 (all J Output (tpdol 

Propagation Delay to a Logical "1" 
From CP to Any Output (tpd1) 

Propagation Delay to a Logical "1" 
From E to 07 (all} Output (tpd,1 

Set-Up Time Data Input (ts(DII 

Set-Up Time Start Input (tsiSl) 

Minimum Low CP Width (tpwd 

Minimum High CP Width (tpwHI 

Maximum Clock Frequency (fMAx) 

CONDITIONS 

Vee =:: Min 

Vee'" Max 
V'H = 2AV 
V'H = 2AV 
V'H = 5.5V 

Vee =:: Min 

Vee::; Max 

V'L =OAV 
V 1L =:: DAV 

Vee == Min, IOH ::; -oA8 rnA 

Vee'" Max; V OUT = O.DV; 
gutput High; CP, 0, S, High; 
E Low 

Vee = Min, IOL == 9.6 rnA 

Vec = Max, All Outputs Low 

CP High, SLow 
DM2503, DM2503C. DM2504, 
DM2504C Only 

CP High, SLow 
DM2503, DM2503C, DM2504, 
DM2504C Only 

MIN 

2.0 

2A 

-10 

10 

10 

-10 

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 VA 
80 VA 
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 <;tctual device operation. 

Note 2: Unless otherwise specified minImax limits apply across the ---55°C to +12SoC temperature range for the DM2502, DM2503 and DM2504, 
and across the O°C to +70°C range for the DM2502C, DM2503C and DM2504C. All typicals are given for VCC = 5.0V and TA = 25°C. 

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 the 
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 I ess 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 Qce (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 
correct 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 0 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 Qee 
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 (11) with a binary D/A 
converter. Offset binary is used in the same manner but 
with the MSB (Q7 or Q11). BCD D/A 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 D/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 D/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, 0, and S 
inputs in parallel and connecting the Qee 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 

n7 I I 

n6 I I L-J 
n'i I 

n'i I L-J 
n'L:::J 

OUTPUTS 

n'i I L-J 
n'i I 
no I I L-J 
"'~ I I 
00 
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application information (con't) 
SHORT CYCLE 

If all bits are not required, the register may be truncated i 
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 
ace .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 
converter requires a high logic level to turn on, the 
comparator must be biased -1/2 LSB. 

definition of terms 
CP: The clock input of the register. 

0:' The serial data input of the register. 

DO: The serial data out. (The 0 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 .Iow logic level 
(ground). 

0i i = 7 (11) to 0: The outputs of the register. 

Occ: 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 
is 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 

tn 0 S E2 003 07 06 05 

0 X L L x X x x 
1 D7 H L X L H H 

2 D6 H L D7 D7 L H 

3 D5 H L D6 D7 D6 L 

4 04 H L 05 D7 D6 D5 

5 D3 H L D4 D7 D6 D5 
6 D2 H L 03 D7 D6 D5 
7 D1 H L D2 D7 D6 D5 
8 DO H L D1 D7 D6 D5 

9 X H L DO D7 D6. D5 
10 X X L X 07 06 D5 

X X H X H NC NC 

Note 1: Truth table for DM2504 is extended to include 12 outputs. 

Note 2: Truth table for DM2502 does not include E column or last line in truth table sh'own. 

Note 3: Truth table for DM2503 does not include DO column. 

typical applications 

00 

CLOCK CP OM2502 

0", 
07 06 05 04 03 Q2 01 00 

alA CONVERTEfl 

Active: High 

CLOCK 

OUTPUTS' 

04 

x 
H 

H 

H 

L 

D4 

D4 
D4 
D4 

D4 
D4 

NC 

03 02 01 

x x x 
H H H 

H H H 

H H H 

H H H 

L H H 

D3 L H 

D3 D2 L 

D3 D2 D1 
D3 D2 D1 
D3 D2 D1 

NC NC NC 

H '" High Voltage Level 

L '" Low Voltage Level 

X "" Don't f::are 

NC '" No Change 

D/A CONVERTER 

Active low 

BCD Illegal Code Suppression 
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typical applications (con't) 

High Speed 12-Bit AID Converter 

5V 

~r~, - " L 1, 
J1IUU Vee S Oce 

CLOCK 13 
O(l~~~~I:U\ INPUT CP 

OM25114 t, SAR 11 
D 

lSB MSB 

1~4 5 
6 , 8 916 17 18 19211 21 
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OUTPUT 

, , 3 45 6 , 8 910 1112 :::: l.!!. lSB 
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5V 

....1.± 
~A lk -r 23 A0120D 
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1.2M 
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V" 

'5 
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switching time waveforms 

AT LEAST AT LEAST 

WAVEFORMS INPUTS 
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H to L 

Q7(t1} • May ch~nge flGm 
ltoH 

-Don'! care: any 
change permitted 
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---,---+---'1'"" 
00 
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~ D/A-A/D Products 

NAnONAL 

MM54C905/MM74C905 12-bit successive approximation register 

general description 
The MM54C905/MM74C905 CMOS 12-bit successive • Guaranteed noise margin 1.0V 
approximation register contains all the digit con'trol and' • High noise immuriity 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 co~patibility 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/l OOk R/2R ladder network 

connection diagram 

Dual-I n-U·ne Package 

Vee 011 NC 011 010 O. 08 07 06 NC S- OP 

1" 23 22 21 20 " 18 17 16 15 14 13 

r- l-

I 2 3 • , 6 7 8 9 10 11,.f2 
E 00 Cc on ,01 02 03 O. 0' NC o GNO 

Order Numbers 
MM54C905D 
MM74C905D 
MM74C905N 

truth t .. ble 
Se. Packages 20 and 21 

TIME INPUTS OUTPUTS 

to 0 S E DO 011 010 09 08 07 06 05 04 03 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 08 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 05 011 010 09 08 07 06 05 L H H H H H 

9 03 H L 04 011 010 09 08 07 06 05 04 L H H H H 

10 02 H L 03 011 010 09 08 07 06 D5 04 03 L H H H 

11 01 H L: 02 011 010 09 08 07 06 05 04 03 02 L H H 

12 00 H L 01 011 010 09 08 07 06 05 04 03 02 01 L H 

13 X H L DO 011 010 09 08 07 06 05 04 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 :: H i'gh level L"'" Low level X :: Don't care NC:: No change 
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 

Operating Temperature Range 

MM54C905 

MM74C905 

Storage Temperature Range 

Package Dissipation 

Operating Vee Range 

Absolute Maximum Vee 

Lead Temperature (Soldering, 10 seconds) 

--o.3V to Vee +0.3V 

-55°C to +125°C 

-40°C to +85°C 

-65°C to +150°C 

500 mW 

3.0V to 15V 

16V 

300°C 

de eleetriea I eha raeteristies Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CMOS TO CMOS 

Logical "1" Input Voltage (V 'NI 1)) 

Logical "0" Input Voltage (V,NIOI) 

Logical "1" Output Voltage (VOUTI 1)) 

Lbgical "0" Output Voltage (VOUTIO)) 

Logical "1" Input Current iI 'N (1I) 

Logical "0" Input Current iI,NIO)) 

Supply Current (I ee) 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage (V ,NI 1)) 

MM54C905 
MM74C905 

Logical "0" Input Voltage (V,NIO)) 
MM54C905 
MM74C905 

Logical "1" Output Voltage (VOUTl1)) 

MM54C905 
MM74C905 

Logical "0" Output Voltage (VOUTIOI) 
MM54C905 
MM74C905 

CONDITIONS 

Vee ~ 5.0V 
Vee ~ 10V 

Vec ~ 5.0V 
Vee ~ 10V 

Vee ~ 5.0V, 10 ~ -laMA 
Vee ~ 10V, 10 ~ -laMA 

Vee ~ 5.0V, 10 ~ laMA 
Vee ~ 10V, 10 ~ laMA 

Vee~15V, Y'N ~ 15V 

Vee~15V, Y'N ~ OV 

Vee ~ 15V 

Vce ~ '\.5V 

Vee ~ 4.75V 

Vec ~ 4.5V 

Vee ~ 4.75V 

Vee ~ 4.5V, 10 ~ -360M A 
Vee ~ 4.75V, 10 ~ -360MA 

Vee~4.5V, 10 ~ 360MA' 
Vee ~4.75V, 10 ~ 360MA 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (lSOURCE) Vee ~ 5.0V, VOUT ~ OV 
(P·Channel) T A ~ 25 c c 

Output Source Current (lSOURCE) Vee ~ 10V, VOUT ~ OV 
(P·Channel) 'T A ~ 25°C 

Output Sink Current (I SINK ) Vee ~ 5.0V, VOUT ~ Vce 
(N·Channel) T A ~ 25°C 

Output Sink Current (lSINK) Vee~10V, VOUT ;;:: Vee 
(N·Channel) TA ~ 25°C 

011-00 Outputs Vec ~ lOV ±5% 

RSOURCE VOUT ~ \Jee - 0.3V 

TA ~ 25°C 

RSINK Vee = 10V ±5% 
VOUT = 0.3V 
T A ~ 25°C 

8·29 

MIN TYP MAX UNITS 

3.5 V 
8.0 V 

1.5 V 
2.0 V 

4.5 V 
9.0 V 

0.5 V 
1.0 V 

0.005 1.0 MA 

-1.0 -0.005 MA 

0.05 300 MA 

Vec -1.5 V 
Vee-1.5 V 

0.8 V 
0.8 V 

2.4 V 
2.4 V 

0.4 V 
0.4 V 

-1.75 -3.3 mA 

-8.0 -15 mA 

1.75 3.6 mA 

8.0 16 mA 

150 350 rz 

80 230 rz 

[;]I 
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ac electrical characteristics T A = 25°C, CL = 50 pF, unless otherwise specified: ., 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time From Clock Vee = 5;OV 200 350 ns 
Input To Outputs (00-011) (tpd(Q)) Vee = 10V 80 150 ns 

Propagation Delay Time From Clock· Vee = 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(e)) Vee = 10\1 75 150 ns 

Propagation Delay Time From Clock Vee = 5.0:-' 190 350 ns 
To CC (tpd(ee)) Vee = 10V 75 0.50 ns 

Data Input Set· Up Time (tos) Vee = 5.0V 80 ns 

Vee = lbV 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" tf) Vee = 5.0V 15 J.Is 
Vee = 10V 5 J.Is 

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 (C IN ) 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 a-re not meant to. imply that the devices should be operated at these limits. The table of "Electrjcal Olaracteristics" 
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 54C174C Family Ch~racteristics 
application note, AN·90. 

typical performance characteristics 

RSINK vs Temperature 

400 I-+--t-+++-+-+~-I 

0'----'-'--'--'---'---'--'---1.--1 
-55 -~5 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE rC) 

• These points are guaranteed by automatic testing. 

§: 

~ g .. 
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RSOURCE vs Temperatur. 
600 

. ;-~cc 1 I, ±5,1 500 

~ 400 ~ ~ 

I,...:~ ra [@ ~ ~ ~ JOO 

~ ~ ~~ ~ ~ ~ ~ ~ 200 
~ ~ ~~ ~ ~ 

100 

0 
-55 cJ5 -15 ·5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE (OC) 

• These points are guaranteed by automatic testing . 



timing diagram 

---, 
E , 

01l~~ ____________________________________________________ _ 

O,O~ 

09 =--.! 
OB~ 

07 :::.:=..J 
06 =.:::.J 
Q5~ 

04=.J 
03~ 

02==.J 
O'=-.J 
OO==.J 

CC=--.J 
00 

LJ 

switching time waveform~ 

CP 

Vco ------...... 1 

LJ 

LJ 

LJ 

LJ 

vcc-----·~+__----_+-~_+--------__.. 

Vco ------------f---' ..... __ Ipd_ r---------+-------
011 

0----·----

010 

O------------r-~ 

V,,-----------~-_+_ 

00 

;:--------{-,~r:-'O,-)-· ---...... 'L,"{\-_____ _ 
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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 tun; 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 switches require a 
low logic level to turn ON, then the comparator must be 
biased -1/2 LSB. 

The register can be used to perform 2's complement 
conversion by offsetting 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 H~-bit 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 (011), two buffers 
for 010, and one buffer for 09. 

12~Bit Successive Approximation A·to·D Converter, Operating in Continuous 
Mode, Drives the 50k/l00k Ladder Network Directly 

12-Bit Successive Approximation A-to-D Converter 
Operating in c.;ontinuous a-Bit Truncated Mode 

VIIEF ~ l0v----,;:J,L ________ -+, ::;:~:-;';I4;;;"M;;:";;:C3;,l 
'E'vcc 

"::" MM54C905/MM74C905 tt SERIAL 

CLOCK CP Do DATA 

L.;Q1r:-' "i.';:,,' "",,,:·r'''''·i-' :;.',.5",:·r'''''·i-' :;·';",·;,'",:·r'....J 'UT 

JJi~~B~3~~·1 PARALLfLDA'A", 

L ____ R_.2R_L_A'_DE_R __ --'~, 1~MM54Cg09 R ~ SOk 

ANALOG INPUT~_---I 
COMPARATOR 

v'" .1Ov---,;:::::;1 _____________ -----!=:::;~-l 
E Vee 0 S-

MM54C905/MM14C905 

CLOCK CP 01\ 010 Q!I 08 111 06 05 04 Dl 

, .. 
IHRlADDER 

., D1 

"0 

ec 
no 00 

lOOk 

lOOk 

SERIAL 
DATA 
OUT 

~)I/'I4~M_M"_C_'~_'--_____________ ~ 
50k'I./ 

ANALOG INPUT--,\Mr--I 

defin ition of terms 

CP: Register clock input. 
CC: Conversion complete-this output remains at 
VOUT(l) during a conversion and goes to VOUT(O) when 
conversion is complete. 

0: Serial data input-connected to comparator output in 
A-to·D applications. 
E: Register enable-this input is used to expand the 
length of the register. When E is at VIN (l) 011 is forced 
to VOUT(lL and inhibits conversion. When not used for 
expansion E must be connected to VIN(O) (GND). 

011: True register MSB output. 

8-32 

011: Complement of register MSB output. 

Oi (j ~ 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 (011) at VOUT(O) and all other output (010-00) 
at VOUT(l)' If set-up time requirements are met, a con
version may be· initiated by holding start input at VIN(O) 
for I.ess than one clock period. 

DO: Serial data output-D input delayed by one clock 
period. 



~ 
D/A-A/D Products 

PRE:LIMINARY DATA: MARCH 1976 

NAnONAL 

MM4357/MM5357 a-bit AID converter 

general description 

The MM4357/MM5357 is an 8-bit monolithic AID 
converter using P-channel ion-implanted MOS techno
logy_ It contains a high input impedance comparator, 
256 series resistors and analog switches, control logic 
and output latches_ Conversion is performed using a 
successive 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 unknown. 
The binary output is TRI-STATE to permit bussing on 
common data lines. 

The MM4357 is specified over -55°C to +125°C and the 
MM5357 is specified over O°C to +70°C. 

features 
• Low cost 

• ±5V, 10V input ranges 

• No missing codes 
• High input impedance 
• Ratiometric conversion 

• TRI-STATE outputs 

• Fast 
• Contains output latches 

• TTL compatible 

key specs 

• Resolution 

• Linearity 
• Conversion speed 
• Input impedance 

• Supply voltages 

• Clock range 

connection diagram 
Dual-In-Line Package 

LSB 

typical applications 

VeD 2""5 z-' -+VAIEF 2-7 2-8 VIN CLOCK Vss 

" 11 " 15 14 13 12 11 10 

'-- I-

r- l-

I 2 3 4 • • 1 B , 
r" r3 2-2 2-1 R· STRT OUTPUT VGG EOC 

MSI NET· CONY ENABLE 
WRK 

TOP VIEW 

+15V 

"V'-+-_-. OV -12V CLOCK 

. OUTPUT ENABLE 
'sc 

'DC 

VIN range = ±5V 
TTL outputs 

3k 

8 bits 

±1/2 LSB 

40l.ts 
>100 M-Q 

+5V, -12V, GND 

5.0 kHz to 2.0 MHz 

Order Part Numbers: 

MM4357D 
MM4357BD 
,MM5351D' 
MM5357BD 
MM5357N 
MM5357BN 

See Packages 26 and 27 

OUTPUT ENABLE 

sc 
'DC 

VIN ranglt = ±5V 
TTL outputs 

General Connection -lZV High Accuracy Connection 
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,~.'. 

, absolute maximum ratings 
Supply Voltage (Vee) Vss - 22V 

Vss - 22V 

Vss + 0.3V to Vss - 22V 

Supply Voltage (VGG ) 

Voltage at Any Input 

Operating Temper~ture 

MM4357/MM4357B 

MM5357/MM5357B 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds)' 

-55°C to +1 25°C 

O°C to +70°C 

150°C 

300°C 

electrical characteristics (Note 1 ) 

PARAMETER 

Nonlinearity (Note 2) 

Differential Nonlinearity 

Quantization Error 

Zero Error (Not Adjusted) 

Zero Error Temperature Coefficient 

Full Scale Error 

Full Scale ErrorTemperature Coefficient 

Input Impedance 

Power S~pply Rejection 

Logical "l",lnput Voltage 

Logical "0" Input Voltage 

Logical Input Le~kage 

Logical "1" Output Voltage 

Logical "0" Output Voltage 

Disabled Output Leakage 

Minimum Clock Frequency 

Maximum Clock Frequency 

Clock Pulse Width 

TRI·STATE Enable/Disable Time 

COAversion Time 

Power Supply Current 

Guaranteed Supply Range 

CONDITIONS 

_ TA = 25°C, MM4357/MM5357 

MM4357/MM5357 

TA = 25°C, MM4357B/tv1M5357B 

MM4357B/MM5357B 

MM4357/MM5357 

MM4357B/MM5357B 

TA = 25°C 

MM43571.MM5357 

MM4357B/MM5357B 

T A = 25°C 

MM4357/MM5357 

MM4357B/MM5357B 

15.:5V::; (Vss - VGGI ::; 18.5V 

All Inputs 

All Inputs 

All Inputs, T A = 25°C, V ,L = Vss-l0V 

All Outputs, IOH = 100IJ.A 

All Outputs, IOL = 1.6 mA 

All Outputs, TA = 25°C, VOL = Vss-lOV 

O°C::;TA ::;+70°C 

-S5°C::;TA ::;+125°C 

O°C::; TA -::; +70°c 

-55°::; TA ::; +125°C 

(Note 3) 

, MIN 

100 

Vss-l.5 

VGG 

2.4 

1000 

500 

500 

13 

TYP 

±1/4 

±1/2 

±1/2 

±1 

±1/8 

±1/4 

±1/2 

±1 

0,0005 

±1/2 

±1 

0.0005 

0.005 

Vss-2.5 

0.01 

4.5 

5 

10 

2000 

1000 

150 

500 

20 

10 

MAX 

±112 

±1 

±1 

±2 

±1/4 

±1/2 

±1/2 

±1 

±2 

0.001 

±1 

±2 

0.001 

0.01 

Vss+0.3 

' Vss-4.2 

0.5 

0.4 

2 

50 

100 

1000 

40 

80, 

15 

23 

21 

UNITS 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

LSB 

%lc 
M[l 

%/V 

v 
V 

IJ.A 

V 

V 

IJ.A 

kHz 

kHz 

ns 

ns 

IJ.s 

IJ.s 

mA 

rnA 

V 

Note 1: These specifications apply for VSS ~ +5V. VGG = -12V, and VDD = QV; over -55·C to +125°C for the MM4357/MM4357B and over 
O°C to +70°C for the MM5357/MM5357B unless otherwise specified. ' 
Note 2: This specification is measured, with 500n potentiometers connected to pins 5 and ,15, VREF = 10.00V, and with zero error and full 
scale error corrected to.zero at TA = 2SoC. Temperature specifications apply with no readjustment made in the zero and full scale pots; 

Note,3: This specification defines the range over which functional operation is guaranteed. 

Note4: Zero error and full scale error for the MM4357/MM5357 are guaranteed to be adjustable to zero. 
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OPERATION 

The MM4357 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 network. 
In operation, a reference (10.00V) is applied across this 
network of 256 resistors. An analog input (V IN) is first 
compared to the center point of the ladder via the 
appropriate switch. If V,N is larger than VREF /2, the 
internal logic changes the switch points and now com· 
pares V,N and 3/4 V REF' This process, known as succes· 
sive approximation, continues until the best match of 
V,N and VREF/N is made. N now defines a specific 
tap on the resistor network. When the conversion is 
complete, the logic loads a binary word corresponding 
to this tap into the output latch and an end of conver· 
sion (EOC) logic level appears. The output latches 
hold this valid data 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. 

REFERENCE 

The reference applied across the 256 resistor network 
determines the analog input range. VREF ; 10.00V with 
the top of the reference connected to +5V gives a 
±5V range. The reference can be level shifted between 
Vss and VGG · However, the VREF pin (pin 15) must 
not exceed V ss and the R network pin (pin 5) must 
not go below V GG + 5V. 

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 be reduced by a factor of 2. Thus, for 
maximum accuracy it is desireable to operate with at 
least a 1 dv reference. 

POWER SUPPLIES 

Standard supplies are Vss .; +5V, VGG ; -12V and 
V DD ; OV. Device accuracy is dependent on stability 

timing diagram 

CLOCK 
INPUT 

+5VJUUlj 

OV 

+5V-n 

of the reference voltage and has slight sensitivity to 
Vss - VGG , typically 0.005%/V. VDD has no effect on 
accuracy. 

The output logic levels swing from Vss to VDD . Thus, 
TTL levels are generated with the standard supplies 
or CMOS levels occur with Vss ; lOV, VGG ; -7V 
and VDD ; OV. 

Maximum supply voltage, Vss - V GG, is 22V without 
damage to the device. The maximum operating voltage 
at which accuracy specs are measured is Vss - VGG ; 
18.5V. Functional operation is guaranteed over 13V to 
21V. 

CLOCK 

The MM4357 requires a TTL level (referenced to Vss ) 
clock with guaranteed minimum pulse width of 500 ns. 
Duty cycle is not critical. Conversion time is (l/f) x 40. 

ZERO AND FULL SCALE ADJUSTMENT 

In many.applications, sufficient accuracy can be obtained 
by connecting pin 15 directly to the tOP of the reference. 
If maximum accuracy is desired, 500n pots should be 
used at both ends of the network and adjusted for zero 
and full scale. 

The top and bottom resistors in the ladder are somewhat 
less than the nominal 300n used throughout the ladder. 
This permits zero and full scale adjust range with only 
one pot and no extra supplies. Common practice for 
zero adjust is to set the transition from 11111111 to 
11111110 to occur at 1/2 LSB (20 mV for a 10.24V 
scale). 

To set full scale, adjust the 500n pot on pin 15 until 
the 00000001 to 00000000 transition occurs 1 1/2 LSB 
from full scale (60 mV less than full scale for a 10.24V 
scale). 

START 
CONVERSION 

ov---1 ~~, ________________________________ _ 

EOC 

OUTPUT 
ENABLE 

DATA 

+5V, 
\-\~---40 X 11/f)----_./ 

ov 
+5V 

50% 

OV , 
+5V 

OV 

1'90% 

- - iTRi.Siiii'E'i - .... 
\'10% 

ENABLE I--DELAV-

, 

DISABLE 
DElAY-

Data is complementary binary (full scale is all "0'5" output). 

8-35 

1\ 50% 

90% 
--

10% 
, 1-



typical applications (con't) 

+'5V 

12k 

10 

-12V 

Ratiomstric Ir,put Signal with Tracking Referen~ 

-12V 

10.00V 
VREF 

A2 
14k 

AI 
·14k 

+5V 

lk FULL SCALE 

15 10 

MM4357 

R I and R2 change the effective 
input range by IV/IO k!1. 

85 

i! . 
>-
~ .. ... 
~ 
::! 

15 

+10V 

-7V 

15 10 

MM4J57 

OV to IOV VIN Range 
OV to IOV Output Levels 

Hi-Voltage CMOS Output Levels 

Level Shifted Input Signal 
Range 

100 

Y'N (%) 

Level Shifted Zero and Full Scale for Transducer. 
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typical applications (can't) 

+15V 

10.00V 

5k 
0.1% 

5k 
0.1% 

'5V 

5k 
0.1% 

+15V -12V 

5k 
0.1% 

.5V V'N 

MM5357 

Ground Referenced I nput Signal 

typical performance characteristics 

Power Supply Current 

12.0 r-A-l-l"CO'"'UT=-P=-UT=-S-r--,---, 

AT Voo 
11.0 t----t----t---t---::;;;;ooi 

:1 10.0 t---=-::;;j;-"""+---::;;p'-~ 

o 
o 9.01-:: .... 4'--

8.0 1-----:::;j;;.-:"""':-:'::::--+----1 

16.0 11.0 18.0 

Vss - VaG (V) 

CMOS Sink Current 

6.0 

<i' 
.§ 
>- 4.0 
'" w 

VD~ ~ OV I 
r- VGG = -7.0V 

Vss =+10V 
r-TA "'25"C 

'" ~ 
~ 

2.0 ;;; 
...... V 

VGUARANTEED 

./' V ORfE-

o 
o 0.1 0.2 0.3 0.4 0.5 0.6 

VOL - Voo (V) 
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TTL Sink Current 

6.0 r---r-..,--r--,.--,---, 

<i' 
.§ 4.0 \---1--t---j--V:.A---j 
ffi 
'" ~ 
~ 2.0 t--t---t~.-r--t--t----1 
;;; 

6.0 

<i' 
.§ 

4.0 >-

~ 
13 
w 
u 2.0 
'" => 
5: 

o 

0.1 0.2 0.3 0.4 0.5 0.6 

VOL - Voo (VI 

Source Current 

Vss '" +5.DV V 
f-:- Voo '" UV 

V VGCJ= -12V 

/ 
V 

/ 
GUARAN.TEED 

T SOURCE 

/ 
CUR1ENT-

o 0.5 1.0 1.5 2.0 2.5 3.0 

Vss - VOUT (V) 



block diagram 

15 Ir--t----, - - -
I 
1 

I 
I 
I 
1 

I 
I 
I 
I 
L 

450 

300 

300 

300 

150 

--5-- --

R NETWORK 

, I 

MS' 

8-3~ 

CLOCK 

, 
SElECtiON 

AND 
CONTROL 

lOGIC 

8·81T 
LATCH 

11 -, 
I 
I, 

I 
~ 

14 13 

lS' , 

START 
CONVERSION 

END 
CONVERSION 

OUTPUT 
ENABLE 
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NAnONAL 
RA07, RA08, RA12, RA13, RA14, RA15 
general description 
The RA07, RA08, RA12, RA13, RA14 and RA15 are 
arrays of 7 to 15 equal value resistors packaged in high 
reliability Epoxy B dual-in-line packages. 

Each array is manufactured using precision automatic 
laser trimming of high stability thin films. The thin film 
array is then mounted on a high power dissipation lead 
frame and molded in the same Epoxy B used for 
National's semiconductor products. Complete automatic' 
testing and inexpensive Epoxy B packages provide low 
costs unprecedented in the resistor industry. The RA07, 
RA08, RA12 and RA14 are symmetrical for goof-proof 
insertions. 

Custom resistOr arrays are also available from National. 

connection diagrams (Dual-In-Line Packages) 

RA07 RA12 

14 13 12 11 " 14 13 12 11 

R R 

TOPvtEW TOP VIEW 

RA08 RA13 

16 15 14 13 12 11 10 14 13 12 " 

R R 

R R 

TOP VIEW TOP VIEW 

ordering information 

'RA07 -10KN 

Resistor Array I I 
I 

Configuration Number 

Resistance Value 

Molded Epoxy - B DIP Package 

See Package. 17 and 18 
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Resistor Arrays 

resistor arrays 

Possible options include unequal values, different con
figurations and tight tolerances to 0.01 %. 

Resistor array applications range from pull-up and 
pull-down networks to line terminations and LED 
current limiting. 

features 
• Low cost 
• Six configurations 

• Wide resistance range 

• Tight tolerance 
• Excellent tracking 

7 to 15 Resistors 

22n to 100 kn 

±2% or ±2n, max 

2 ppmfC 

• Four symmetrical configurations 

RA14 

" 16 15 14 13 12 11 10 

TOP VIEW 

RA15 

" 16 15 14 13 12 11 10 

.R R R 

T(lPVIEW 

Value Listings 

All of these resistance values are available in each array 
configuration. (All values if! ohms): 

22 47 100 220 470 lk 2.2k 4.7k 9.1k 20k 

24 51 110 240 510 1.1k 2.4k 5.1k 10k 22k 

27 56 120 270 560 1.2k 2.7k 5.6k 11k 33k 

30 62 130 300 620 1.3k 3k 6k 12k 47k 

33 68 150 330 680 1.5k 3.3k 6.2k 13k 68k 

36 75 160 360 750 1.6k 3.6k 6.8k 15k lOOk 

39 82 180 390 820 1.8k 3.9k 7.5k 16k 

43 91 200 430 910 2k 4.3k 8.2k 18k 

Resistance values are ±2% or ±2n, whichever is larger. 

0 



absolute maximum ratings 
~ated Voltage 
Package Power at 25°C (See curve) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

(Note 1) 

2.0 W 
-55°(; to +125°C 
-55°C to +150·C 

. 300°C 

PARAMETER CONDITIONS MIN 

Resistor Tolerance TA = 25°,C 

Resistor Matching TA = 25°C 

Absolute Tempco -55°C to +125°C 

Matching Tempco -55°C to +125°C 

Resistance Voltage Coefficie!;1t 

Ovetload Resistance Shift 2.5 x rated voltage for 
5 seconds, T A = 25°C 

Rise Time 

TYP MAX UNITS 

±1 ±2 % 
or 
±2 

0.2 % 

80 

2 

Negligible IlVN 

0.5 % 

5 ns 

Note 1: Rated voltage is determined fr~m maximum package power dissipation and res'istance (PMAX ~}.; (Vi2) 'J. Maximum power 
per resistor is 1/4 watt. Ri' 

typical performance characteristics 
Power Derating 

'.0 H-+-+++++-+-H 

1.5 H--+-+-+-'k--+--+-+-H 

1.0 H-t-t-++--i'n ,-+-+-1 

0.5 H-t-++++--I\+-H 

-50 -10 30 70 110 150 

TA - AMBIENT TEMPERATURE re) 
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Resistor Arrays 

NAll0NAL 

RA24, RA28 resistor termination networks 

general description 
The RA24 and RA28 are arrays of 24 or 28 resistors 
designed for use as digital transmission line terminators. 
The RA24-3k/6.2kN and RA28-3k/6.2kN are specifi
cally tailored for programmable instrumentation ter
minations per I EEE specification 488-1975 for bus 
organized peripheral control. 

Each array is manufactured using precision automatic 
laser trimming of high stability thin films. The thin film 
is then mounted on a high power dissipation lead frame 
and molded in the same Epoxy B used for National's 
semiconductor products. Complete automatic testing 

connection diagrams (Dual-In-Line Packages) 

RA24 

14 13 12 11 10 

R1 RZ Rt R2 Rt RZ At Rl Rt R2 Al Rl 

R2 Rl R2 Rl R2 Rl R2 Rl R2" Rl R2 > Rl 

.- ~ ~ I-- .......... ~ 
1 2 3 4 5 6 7 

See Package 17 

ordering information 

RA24 _ 220/270N 

Resistor Array ---' I 
Configuration Number~ 
Resistance Value ____________ -1 

Molded Epoxy - B DIP Package--------...J 

9·3 

and inexpensive Epoxy B packages provide low costs 
unprecedented in the resistor industry. 

Custom resistor arrays are also available from National. 
Possible options include unequal values, different 
configurations and tight tolerances to 0.01 %. 

features 

• Low Cost 
• Excellent tracking 2 ppm/"C 

• Low inductance 

RA28 

16 15 14 13 12 11 10 

Rl Rl Rt R2 Rt R2 Rt R2 Rl 112 Rl R2 Rt A2 

R2 ~ Rl R2 Rl R2 Rl R2 Rl R2~ Rl R2 Rl R2 Rl 

~ ~ ~ ...... ......-J - ~ 

1 2 3 4 5 6 7 8 

See Package 18 

Resistance Values 

PART NUMBER Rl R2 

RA24 - 220/270N 220 270 

RA24 - 220/33QN 220 330 

RA24 - 390/500N 390 500 

RA24 - 3k/6.2kN 3k 6.2k 

RA28 - 220/270N 220 270 

RA28 ~ 220/330N 220 330 

RA28 - 390/500N 390 500 

RA28 - 3k/6.2kN 3k 6.2k 

Resistance tolerance is ±5%. 
Values are listed in ohms. 

::a » 
N 
~ 
::a » 
N 
CO 



absolute maxim".., ratings 
Rated Voltage (Note 1) 

2.0W 
-5SoC to +l25°C 

Package Power at 25°C (See curve) 
Operating Temperature Range 
Storage Temperature Rante -55°C to +l50°C 
Lead Temperature' (Soldering, 10 seconds) 300°C 

electrica I cha racteristics 

PARAMETER CONDITIONS MIIII 

Resistor Tolerance T A = 25°C 

Resistor Matching T A = 25°C 

Absolute Tempco -55°C to +125°C 

Matching Tempco -55°C to +125°C 

Re~istance Voltage Coefficient 

Overload Resistance Shift 2.5 x rated voltage for 

5 seconds, T A = 25°C 

Rise Time 

TYP 

±1 

0.2 

80 

2 

Negligible 

5 

MAX 

±5 

0.5 

UNITS 

% 

% 

ppm/"C 

ppm/"C 

/1V/V 

% 

ns 

Note 1: Rated voltage is determined from maximum package poVll8r dissipation and resistance (PMAX 2: !: (Vi2) J. Maximum power 
per resistor is 1/4 watt. , 'Ai 

typical performance characteristics 

Power Derating 

!: 

i 
2.8 

"\ ~ 1.5 .. 
\. " ~ 

:; 1.0 
\. .. = ! 

'" U.5 , '" .. 
I\. 

-58 -18 38 7iJ 111 158 

TA -AMIIENTTEMPERATURE I'CI 
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NATIONAL 

AF100 universal active filter 

general description 

The AF100 state variable active filter is a general second 
order lumped RC network. Only four external resistors 
program the AF 1 00 for specific second order functions. 
Lowpass, high pass, and bandpass functions are available 
simultaneously at separate outputs. Notch and allpass 
functions are available by summing the outputs in the 
uncommitted output summing amplifier. Higher order 
systems are realized by cascading AF100 active filters 
with appropriate programming resistors. 

Any of the classical filter configurations, such as Butter
worth, Bessel, Cauer, and Chebyshev can be formed. 

connection diagrams 

Dual~1 n-L ine Package 

BANDPASS AMP AMP NO 
PIN 

NO 
PIN INT 1 OUTPUT -V OUTPUT - INPUT GND 

INPUT INPUT HIGHPASS +V lQWPASS AMP INT 2 
OUTPUT OUTPUT + INPUT 

TOP VIEW 

Package 24 

Order Numbers 
AF100-1CJ 
AF10Q-2CJ 

NO 
PIN 

Active Filters 

features 

• Military or commercial specifications 

• Independent 0, frequency, gain adjustments 

• Low sensitivity to external component variation 

• Separate lowpass, high pass, bandpass outputs 

• Inputs may be differential, inverting, or non-inverting 

• Allpass and notch outputs may be formed using 
uncommitted amplifier 

• Operates to 10kHz 

• Q range to 500 
• Power supply range 

• Frequency accuracy 

• Q frequency product::; 50,000 

INPUT 1 

INPUT 2 

HIGHPASS 
OUTPUT 

Metal Can Package 

INT 1 

INT 2 

TOP VIEW 

Package 6 

Order Numbers 
AF100-1CG 
AF100-1G 

AF100-2CG 
AF100-2G 

±5V to ±18V 

±1% unadjusted 

AMP 
OUTPUT 

» 
"T1 ... o 
o 
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absolute maximum ratings 
Supply'Voltage ±18V 
Power Dissipation 
Differential Input Voltage 

900 mW/Package (500 mW/Amp) 
±36V 

Output Short Circuit Duration (Note 1) 
Lead Temperature (Soldering, 10 seconds) 

Infinite 
300°C 

Operating Temperature 
AF 100-lCJ/AF 100-2CJ/AF100-1CGiAF100-2CG -25°C to +85°C 
AF100-1G, AF100·2G -55·C to +125°C 

Storage Temperature 
AF100-1G, AF100-2G, 
AF100-1CG, AF100·2CG 
AF100-1CJ, AF100-2CJ 

-65"C to +125"C 

electrical characteristics (Complete Active Filter) (Note 2) 

PARAMETER CONDITIONS 

Frequency Range fc x Q :::: 50,000 

Q Range fc x Q:::: 50,000 

fa Accuracy 

AF100·l, AF100·1C fc x Q:::: 10,000, T A = 25°c 

AF100·2, AF100·2C fcx Q:::: 10,000, T A = 25°C 

fa Temperature Coefficient 

Q Accuracy fc x Q:::: 10,000, T A = 25°C 

Q Temperature Coefficient 

Power Supply Current Vs = ±15V 

electrical characteristics (Internal Op Amp) (Note 3) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

I nput. Bias Current 

I nput Resistance 

Large Signal Voltage Gain 

Output Voltage Swing 

Input Voltage Range 

. 

Common Mode Rejection Ratio 

Supply Voltage Rejection Ratio 

Output Short Circuit Current 

Slew Rate (Unity Gain) 

Small Signal Bandwidth 

Phase Margin 

CONDITIONS 

Rs:::: 10 kD 

RL;:O: 2k 

VOUT =±10V 

RL = 10 kD 

RL = 2 kD 

Rs:::: 10 kD 

Rs:::: 10 kD 

MIN 

MIN 

25 

±12 

±10 

±12 

70 

77 

TYP 

±50 

±300 

2.5 

TYP 

1.0 

4 

30 

2.5 

160 

±14 

±13 

90 

96 

25 

0.6 

1 

60 

MAX 

10k 

500 

±2.5 

±1.0 

±150 

±7.5 

±750 

4.5 

MAX 

6.0 

50 

200 

UNITS 

Hz 

Hz/Hz 

% 

% 

ppmtC 

% 

ppmtC 

mA 

UNITS 

mV 

nA 

nA 

MD 

V/mV 

V 

V 

V 

dB 

dB 

rnA 

V//-ls 

MHz 

Degrees 

Note 1: Any of the amplifiers can be shorted to ground indefinitely, however more than one should not be simultaneously shorted as the maximum 
junction temperature will be exceeded. 

Note 2: Specifications apply for Vs = ±15V, over _25°C to +85°C lor the AF100·1C and AF100·2C and over _55°C to +125°C for the AFrOO·l -
and AF100<;!!~, unless otherwise specified. 

Note 3: Specifications apply for Vs = ±15V, TA = 25°C: 

10·2 



applications information 

HIGHPASS BANDPASS LOWPASS AMP IN 

r .., 
IN2o-~-'~VVY--+---4-------4-------+-------+ 

IN'o-~~------~~--------~ 

,,>--.....,.--0 
+ 

....J 

AMPIN + 

FIGURE 1. AF100 Schematic 

CIRCUIT DESCRIPTION AND OPERATION 

A schematic of the AF100 is shown in Figure 1. 
A<):1plifier A 1 is a summing amplifier with inputs from 
in'tegrator A2 to the non·inverting input and integrator 
A3 to the inverting input. Amplifier A4 is an uncommitted 
amplifier. 

By adding external resistors the circuit can be used to 
generate the second order system 

T(s) 
a3s2 + a2s + a1 

s2 + b2s+ b, 

The denominator coefficients determine the complex 
" pole pair location and the quality of the poles where 

Wo = vb,' = the radian center frequency 

Wo 
Q = - = the quality of the complex pole pair 

b2 

If the output is taken from the output of A 1, numerator 
coefficients a, and a2 equal zero, and the transfer func
tion becomes: 

(high pass) 

If the output is taken from the output of A2, numerator 
coefficients a, and a3 equal zero and the transfer func
tion becomes: 

T(s) = ___ a...:2:...s __ _ (bandpass) 

If the output is taken from the output of A3, numerator 
coefficients a3 and a2 equal zero and the transfer func
tion becomes: 

a1 
T(s) = --'---- (lowpass) 

10-3 

Using proper input and output connections the circuit 
can also be used to generate the transfer functions for a 
notch and all pass filter. 

I n the transfer function for a notch function a2 becomes 
zero, a, equals 1, and a3 equals Wz 2. The transfer 
function becomes: 

(notch) 

In the all pass transfer function a, = 1, a2 = -wo/Q and 
a3 = Wo 2. The transfer function becomes: 

s2 Wo 2 .- Os+ Wo 

T(s)=----- (all pass) 

COMMON CONFIGURATIONS 

The specific transfer functions for some of the most 
useful circuit configurations using the AF100 are ill
ustrated in Figures 2 through 8. Also included are the 
gain equations for each transfer function in the fre
quency band of interest, the Q equation, center fre
quency equation and the Q determining resistor 
equation. 

,0> 

RO' 

'. 
HIGHPASS 

*Externaf comp(Jn~llti 

lOOk 

1000pF 
RF ,. 

" BANDPASS 

FIGURE 2. Non-inverting Input (0 > 0MIN, 
See a Tuning Section) 

1000pF 

LOWPASS 

l> 
-n 
...A 

o o 



applications information (con't) 

a) Non-inverting input (Figure 2) transfer equations are: 

e, 

e'N 

W, 

where 

2 [ 1.1 ] 
S " RIN R'IN 

1+-+-
105 RO 

(highpass) 

(bandpass) 

[ " 
W1 W 2 . (Iowpass) 

R'N "" ] 1+- + 
105 RO . 

109 109 

RFl 
W2 =-

RF2 

[ 

1.1 

105 

1,+- + 
RO 

5]Wl +0.1 W,W2 
10 

R'N 

11 

( R'N 
1+- + 

105 

1.1 

( R'N 
1+- + 105 

RIN) 
RO 

R, IN) 
RO 

( 
105 105

) 

1+;;;;;+FiQ Jo1 (~) 
1.1 W, 

1 --

lUUk 

'. ' .. 
HtGHPASS BANDPASS" 

~EKterllal component, 

" lQWPASS 

FIGURE 3. Non-Inverting Input (a < aMIN, See a Tuning Section) 
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b) Non-inverting input (Figure 3) transfer equations are: 

1.1+ Rn 

R'N ' 
1+-

eh 

" [ 'if ] 

105 

e'N Il 

where 

-SWl 

eb 

e'N 

W1 W 2 

e, 

e'N 

109 
W, 

RF1 

[ "'] Weo 

R'N 
1+-

105 

Il 

["':0] R'N 1+-
105 

Il 

109 
W2=-

RF2 

, ~'1 + RO 
[ 

1041 
105 

1+
R'N 

104 
1.1 +

RO 

0.1 (l+ RIN) 
\: 105 

104 
1.1 +

RO· 

105 
1+-

~I =-~ 
elN w '" Wo 1 + RIN 

105 

(highpass) 

(bandpass) 

(Iowpass) 

-1.1 
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10k 

Ro' 

'£~tert\al tomponents 

'., 
HIGHPASS 

RF1' 

lUOk 

". 
BANDPASS 

FIGURE 4. Inverting Input 

" LQWPASS 

C) I nverting input (Figure 4) transfer function equations 
are: 

104 
-52 _ 

eh R'N -----
e'N l> 

(highpass) 

104 

sw, 
R'N eb 

e'N l> 
(bandpass) 

104 

-w, W2 

R'N e, 

e' N l> 
(Iowpass) 

109 109 
W1=-

RF, 
W2=-

RF2 

where 

[ ,if 1 1.1+ -

D.:::: 52 + S (,)1 
R'N 

105 
+ 0.1 (,)1(.)2 

1+-
RQ 

(Iowpass) 

(high pass) 

104 
( 105

) - 1+-

eb I = R'N RO 
(bandpass) 

e'N 104 

w =wo 1+-
R'N 

Wo =VO.1 (,)1(,)2 

[ >e' 1 1+-

Jo.l~ RO 
0= -------;Q4 

1.1 +-
W, 

R'N 

105 

RO= 
0 

( 10
4

) 

Jo.l~ 
1.1+- - 1 

R'N 

W, 

10·5 

10k 

Ro' 

'E~tert!il components 

'., 
HIGHPASS 

Rfl' 

lOOk 

IDOk 

'" BANDPASS 

FIGURE 5. Diff ... entiltt Input 

lono"F 

lOWPASS 

d) Differential input (Figure 5) transfer function equa· 
tions are: 

(highi>ass) 

10" 
-5(,),--

eb R'N2 

e' N l> 
(bandpass) 

104 

W'W2 --
e, R'N2 

e'N l> 
(lowp,ss) 

where 
1.1+--[ ,~ 1 '" w,w, 

D. = 52 + 5 ('), 
RIN2 

105 105 
1+- + 

RO RINl 

e, I 105 

"IN RIN2 
s->O 

"h I 10" 

"IN RIN2 
s->= 

( 105 105
) 0.1 1+--+-

"b I R,N , RO 

"IN (.1+~) w=wo 
RIN2 

0= [1+~ :}!;, 1 
11+-

R'N2 

105 
RO= 

0 

( 10
4

) 
105 

Jol~ 1.1+-- -1--
RIN2 RIN2 W, 

» 
::!2 o 
o 
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applications information (con't) 
tOOk 

HlOilpf 10DO'pF 

R," 

lOOk 
Ro" 

+EKternaltomponents 

FIGURE 6. Output Notch Using All Four Amplifiers 

e) Output notch (Figure 6) transfer function equations 
are:, 

[ " 1 1,2+WZ2) . R'N R'N Rg 
1+~+ -

en 100 RO Rh 

·,N 
<., w, [ 

1.1 

105 
W, 1 1+- + +'0.16.)16.)2 

RO R'N 

W, 

en I 
e'N 

, -+ 0 

1.1 Rg 

( 1 + RI~ + RIN) Rh 
10 RQ 

=0 

tOOk 

'., '. 
*Ext&rnalcomponents 

FIGURE 7. Input Notch Using-Three Amplifiers 

j) Input notch (Figure 7) transfer function equations 
are: 

10-6 

W, 

Wz == Wo 

·External compo~ents 

RF2 X 10-9 

Rz Cz 

, /2 

C~:9) '/2 

Wo =VO.l W,W2 

FIGURE 8. Allpa .. 

g) Allpass (Figure 8) transfer function equations are: 

105 

2+
RQ 

Q=--
1.1 

[ 
1.1 1 S2 - S w, --- + Wo 2 

R'N 
2+-

RO 

,2 + , w, [_1.1 1 + Wo 2 
R'N 

2+ -
RO 

f7{2 
0.1-

w, 

Wo ""va.1 W,6.)2 

20 
Time delay at wQ = - seconds 

Wo 

FREQUENCY TUNING 

To tune the AF100 two resistors are required for 
frequencies between 200 Hz and 10kHz. For lower 
frequencies "T" tuning or addition of external capacitors 



applications information (con't) 

is required. Using external capacitors allows the user to 
go as low in frequency as he desires. "T" tuning and 
external capacitors can be used together. 

Two resistor tuning for 200 Hz to 1 0 kHz 

50.33 x 106 

Rf = !1 
fo 

R, 

I, 

AFll10J 

113 I' 

FIGURE 9. Resistive Tuning 

GRAPH A. Resistive Tuning 

1000 

~ 100 w 
u 
Z 

'" in 

~ 10 

~ 

100 1k 10k 

fe-FREQUENCY (Hz) 

"T" resistive tuning for fo < 20.0 Hz 

R 2 
Rs = __ t __ 

R, - 2R t 

R < RF 
t 2 

AF100J 

RS RS 

FIGURE 10. T Tuning 

GRAPH B. "TH Tuning 

lOOk 

s 
u 

10k 
z 

RT '" 100 

~ 
~ 
~ AT "',5Dk 

.£ lk 

100 IIIIII 
10 100 

FREQUENCY (Hz) 

lk 
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RC tuning for fo < 200 Hz 

R, 

AF100J 

FIGURE 11. Low Frequency Re Tuning 

Q TUNING 

To tune the 0 of an AF100 requires one resistor from 
pins 1 or 2 to ground. The value of the 0 tuning resistor 
depends on the input connection and input resistance 
as well as.the value of the O. The 0 of the unit is 
inversely proportional to resistance to ground at pin 1 
and directly proportional to resistance to ground from 
pin 2. 

10' 

10' 

z 

'" 
10' 

10' 

GRAPH C. aMIN. 
Non-Inverting Input 

0.1 1.0 10 

For 0 > OMIN in non-inverting mode: 

RO = -----1--,050-

3.480- 1-
RIN 

o-----Wlr-.... -'-I + AF 1 00 

100 

FIGURE 12. a Tuning for a > ~IN' 
Non-Inverting Input 

» 
"T1 .... o 
o 
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applications information (con't) 
GRAPH D. a > aMIN. 
Non-I nverting Input 

lOOk l1li. 
10k 

Ik 

100 
0.1 10 100 

Q 

For 0 < OMIN in non-inverting mode: 

RO= 

0.3162 - 1.1 

R" 
o--,\Mr-",,!' + 

AF10[J 

,_2-

FIGURE 13. a Tuning for a < aMIN. 
Non-Inverting 'r:-put 

lOOk 

10k 

Ik 

100 

GRAPH E. a < aMIN. 
Non·hlVerting Input 

0.01 0.1 1.0 

Q 

For any 0 in inverting mode: 

105 

RO = ------,---:c:---

( 1.1 + 104') 

R'N 
3.160 - 1 

AF100 

~+ 

FIGURE 14. a Tuning Inverting Input 
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1M 

100k 

10k 

Ik 

GRAPH F. a Tuning. 
Inverting Input 

0.1 10 100 

a 

NOTCH TUNING 

Two methods to generate notches are the RC input and 
lowpass/highpass summing. The RC input method re
quires adding a capacitor and resistor connected to the 
two integrator inputs. The capacitor connects to "I nt 1" 
and the resistor connects to "I nt 2." The output summing 
requires two resistors connected to the lowpass and 
highpass output. 

For input RC notch tuning: 

AF100J 
13 

OUTPUT 

R, 

INPUT 0--... -------' 

FIGURE 15. Input RC Notch 

GRAPH G. Input RC Notch 

For output notch tuning: 

(~) 
13 

HP • 

AFHIOJ r--o OUTPUT 

lP 

FIGURE 16. Output Notch 
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GRAPH H. Output Notch 10 

0'1,,_ 
0.01 LLJI:LU.WL...LilJlllLLLWllll 0.1 10 100 

TUNING TIPS 

In applications where 2 to 3% accuracy is not sufficient 
to provide the required filter response, the AF100 stages 
can be tuned by adding trim pots or trim resistors in 
series or parallel with one of the fr.equency determining 
resistors and the 0 determining resistor. 

When tuning a filter section, no matter what output 
configuration is to be used in the circuit, measurements 
are made between the input and the bandpass (pin 13) 
output. 

Before any tUlling is attempted the lowpass (pin 7) 
output should be checked to see that the output is not 
clipping. At the center frequency of the section the 
lowpass output is 10 dB higher than the bandpass output 
and 20 dB higher than the high pass. This should be kept 
in mind because if clipping occurs the results obtained 
when tuning will be incorrect. 

Frequency Tuning 

By adjusting the resistance between pins 7 and 13 the 
center frequency of a section can be adjusted. If the 
input is through pin 1 the phase shift at center frequency 
will be 180° and if the input is through pin 2 the phase 
shift at center frequency will be 0°. Adjusting center 
frequency by phase is the most accurate but tuning for 
maximum gain is also correct. 

"0" Tuning 

The "0" is tuned by adjusting the resistance between 
pin 1 or 2 and ground. Low 0 tuning resistors will 'be 
from pin 2 to ground (0 < 0.6). High 0 tuning 
resistors will be from pin 1 to ground. To tune the 0 
correctly the signal source must have an output im· 
pedance very much lower than the input resistance of 
the filter since the input resistance affects the O. The 
input must be driven through the same resistance the 
circuit will see to obtain precise adjustment. 

The lower 3 dB (45°) frequency, fL' and the upper 
3 dB (45°) frequency, fH' can be calculated by the 
following equations: 

10·9 

where f 0 = center frequency 

When adjusting the 0, set the signal source to either fH 
or fL and adjust for 45° phase change or a 3 dB gain 
change. 

Notch Tuning 

If a circuit has a jw axis zero pair the notch can be 
tuned by adjusting the ratio of the summing resistors 
(Iowpass/highpass summing) or the input resistance 
(input RC). . 

I n either case the signal is connected to the input and the 
proper resistor is adjusted for a null at the output. 

Special Cases 

When using the input RC notch the unit cannot be tuned 
through the normal input so an additional lOOk resistor 
can be added at pin 1 and the unit can be tuned 
normally. Then the lOOk' input resistor should be 
grounded and the notch tuned through the normal 
RC input. 

An alternative way of tuning is to tune using the 0 
resistor as the input. This requires the 0 resistor be 
lifted from ground and connecting the signal source to 
the normally grounded end of the 0 resistor. This has 
the problem that when the 0 resistor is grounded after 
tuning, its value is decreased by the output impedance of 
the source. This technique has the advantage of not 
requiring an additional resistor. 

TUNING PROCEDURE (See Figure 17) 

Center Frequency Tuning 

Set oscillator to center frequency desired for the filter 
section, adjust amplitude and check that clipping does 
not occur at the lowpass output pin 5 (AF100J). 

Adjust the resistance between pins 13 and 7 unti I the 
phase shift between input and bandpass output is 180°. 

OTuning 

Set oscillator to upper or lower 45° frequency (see 
tuning tips) and tune the 0 resistor until the phase 
shift is 1350 (upper 45° frequency) or 225° (lower 45° 
frequency). 

Zero Tuning 

Set the oscillator output to the zero frequency and 
tune the zero resistor for a null at the output of the 
summing amplifier. 

Gain Adjust 

Set the oscillator to any desired frequency and the gain 
can be adjusted by measuring the output of the summing 
amplifier and adjusting the feedback resistance. 
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FIGURE 17. Filter Tunin~'Setup 

v. 
RFt RF2 

AF100J 

Rn 

V/2 (PSEUDO GROUND) 

FIGURE 18. Single Power Supply Connection Using 
Uncommitted Amplifier to Split Supply 

v' 

11 

lOOk 

" 
1.03411: 

lOOk 

lOOk 

lOOk 

lOOk 

1.0341< 

Perf(lrm~lIce 
0.1 dB rippl~ p~$sbimd 
0.1 dB notch width ~ 100 Hz 
40dBflOt1:h width" 6.25 Hz 

4th Order 1010 Hz Notch 

" V 
-10 .. -20 OS 

\ V 
'" 
~ -30 J 

-40 

-50 

-60 

2Rn 

2Rn 

960 980 1000 1020 1040 

FREQUENCY (Hz) 

ZERO 

v. 

AFt RF2 

AFIOOG 

12 

FIGURE 19. Single Power Supply 
Connection Using Resistive Dividers 

11 

" 

v-

FIGURE 20. 1010 Hz Notch-Telephone Holding Tone Reject Filter 

v. 

" .. 

-= 
""'I'·'"' 

lOOk 

FILTER DESIGN 
Since most filter tables are in terms of a normalized 
lowpass prototype, the filter to be designed is usually 
reduced to a low pass prototype. After the lowpass 

transfer function is found, it is transformed to obtain the 
transfer function for the actual filter desired. Graph I 
shows the lowpass amplitude response which can be 
defined by four quantities. 

10-10 
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GRAPH I. Lowpass Prototype Response 

'N 

/"" 
Ie Is 

LOG FREOUENCY 

the maximum peak to peak ripple in the 
passband. 

the minimum attenuation in the stopband. 

the passband cutoff frequency. 

the stopband start frequency. 

By defining these four quantities for the lowpass 
prototype the normalized pole and zero locations and 
the Q (quality) of the poles can be determined from 
tables or by computer programs. 

To obtain the lowpass prototype for the highpass filter 
(Graph J) AM AX and AMIN are the same as for the 
lowpass case butfe = l/f2 and fs = l/f,. 

GRAPH J. Highpass Response 

To obtai n the lowpass prototype for a ban dpass fi Iter 
(Graph K) AM AX and AM IN are the same as for the 
lowpass case but 

f5' - f, 
fe = 1 fs =--

14 - f2 

where f3 = ~ = ~ i.e. geometric symmetry 

AMIN bandwidth 
Ripple bandwidth 

GRAPH K. Bandpass Response 

To obtain the lowpass prototype for the notch filter 
(Graph L) A MAX and AMIN are the same as for the 
lowpass case and 

fe = 1 

where 

10-11 

L 
r 

x 

'N 

GRAPH L. Notch Response 

~ .. 

1\ I 
1--

Normalized Lowpass Transformed To Un-Normalized 
Lowpass 

The normalized lowpass filter has the passband edge 
normalized to unity. The un-normalized lowpass filter 
instead' has the passband edge at fe . The normalized and 
un·normalized low pass filters are related by the trans
formation s = sw e . This transforms the normalized 
passband edge s = j to the un·normalized passband 
edge s = jWe. 

Normalized Lowpass Transformed To Un-Normalized 
Highpass 

The transformation that can be used for lowpass to 
highpass is S = we/s. Since S is inversely proportional to 
5, the low frequency and high frequency responses are 
interchanged. The normalized lowpass 1/(S2 + S/Q+1) 
transforms to the un·normalized highpass 

s2 

Normalized Lowpass Transformed To Un-Normalized 
Bandpass 

The transformation that can be u5ed for lowpass to 
bandpass is S = .5 2 + Wo 2/BINs where Wo 2 is the center 
frequency of the desired bandpass filter and BW is the 
ripple bandwidth. 

Normalized Lowpass Transformed To Un-Normalized 
Bandstop (Or Notch) 

The bandstop filter has a reciprocal response to a 
bandpass filter. Therefore a bandstop filter can be 
obtained by first transforming the lowpass prototype 
to a highpass and then performing the bandpass 
transformation. 

SELECTION OF TRANSFER FUNCTION 

The selection of a function which approximates the 
shape of the response desired is a campi icated process. 
Except in the simplest cases it requires the use of tables 
or computer programs. The form of the transfer func
tion desired is in terms of the pole and zero locations. 
The most common approximations found in tables are 
Butterworth, Tschebycheff, Elliptic, and Bessel. The 
decision as to which approximation to use is usually 
a function of ,the requirements and system objectives. 
Butterworth filters are the simplest but have the dis
advantage of requiring high order transfer functions to 
obtain sharp roll-offs. 

J> 
"T1 ... 
o 
o 
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The Tschebycheff function is a min/max approximation 
in the passband. This approximation has the property 
that it is equiripple which means that the error oscillates 
between maximums and minimums of equal amplitude 
in the passband. The Tschebycheff approximation, be
cause of its equiripple nature, has a much steeper tr,ans
ition region than the Butterworth approximation. 

The elliptic filter, also known as Cauer or Zolotarev 
filters, are equiripple in the,passband and stopband and 
have a steeper transition region than the Butterworth or 
the Tschebycheff, 

For a specific lowpass filter three quantities can be used 
to determine the degree of the transfer function: the 
maximum passband ripple, the minimum stopband 
attenuation, and the transition ratio (tr. = ws/wcl, 
Decreasing AMAX , increasing AMIN , or decreasing tr 
will increase the degree of the transfer function. But 
for the same requirements the elliptic filter will require 
the lowest order transfer function. Tables and graphs 
are available in reference books such as "Reference 
Data for Radio Engineers," Howard W. Sams & Co., Inc., 
5th Edition, 1970 and Erich Christian and Egon Eisen· 
mann, "Filter Design Tables and Graphs," John Wiley 
and Sons, 1966. 

For specific transfer functions and their pole locations 
such text as Louis Weinberg, "Network Analysis and 
Synthesis," McGraw Hill Book Company, 1962 and 
Richard W. Daniels, "Approximation Methods for Elec
tronic Filter Design," McGraw-Hili Book Company, 
1974, are available. 

DESIGN OF .CASCADED MULTISECTION FILTERS 

The first step in designing is to define the response 
required and define the performance specifications: 

1. Type of filter: 
Lowpass, highpass, bandpass, notch, all pass 

2, Attenuation and frequency response 

3. Performance 
Center frequency/corner frequency plus tolerance 
and stability 

Insertion loss/gain plus tolerance and stability 

Source impedance 

Load impedance 

Maximum output noise 

Power consumption 

Power supply voltage 

Dynamic range 

Maximum output level 

Second step is to find the pole and zero location for 
the transfer function which meet the above require
ments. This can be done by using tables and graphs or 
network synthesis. The form of the transfer function 
which is easiest to convert to a cascaded filter is a 
product of first and second order terms in these forms: 

First Order 

K 

Ks 

Second Order 

K 

Ks 

K(S2+WZ2) 

S2 _ was + W 2 

Q ° 

(low pass) 

(high pass) 

(bandpass) 

(notch) 

(allpass) 

Each of the second order functions is realizable by 
tuning an AF100 stage. By cascading these stages the 
desired transfer function is realized. 

CASCADING SECOND ORDER STAGES 

The primary concern in cascading second order stages 
is to minimize the maximum difference in amplitude 
from input to output over the frequencies of interest. 
A computer program is probablv required in very com
pi icated cases but some general rules that can be used 
that will usually give satisfactory results are: 

GRA~H M. Generalized Model Response 

RIPPLE _ dB (AMAXJ '1 
~====ycr~====== 

-3 dB AT H, -------

AM IN _ dB ----..-0;;:--

I II 
fo_Hz fs f4 f2_Hz 
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1. The highest "0" pole pair should be paired with 
the zero pair closest in frequency. 

2. If high pass and lowpass stages are cascaded the 
lowpass sections should be the higher frequency 
and highpass sections the lower frequency. 

Fe = 1 

Fs = 1.3 

lOUk 

3.93k 

Lowpass Elliptic Filter 

3. I n cascaded filters of more than two sections the 
first section should be the section with "0" closest 
to 0.707 and then additional stages should be 
added in order of least difference between first 
stage 0 and their O. 

R" 
77.6k 405k tOOk 

6th Order Elliptic Filter 

A MAX = 0.1 dB 

AMIN = 40 dB 

N=6 

101 = 1.0415 Q , = 7.88 IZI = 1.329 Iz/Io = 1.28 (~) , = 1.63 

10 , = 0.9165 Q, = 1.79 Iz, = 1.664 Iz/Io = 1.82 (~r 
103 = 0.649 

at 1000 Hz = Ie 

RFI = 43.3k 

Q3 = 0.625 IZ3 = 4.1285 Iz/Io = 6.36 (~r 

RF, = 54.9k 

(503.3) 
RF3 = --

f03 x fc 

RF3=77.6k 

= 3.30 

= 40.5 

FIGURE 21. Lowpass Elliptic Filter Example 

V> 

lOOk 
INPUT O--Av ........ --~ 

AF10DJ OUTPUT 
217k 

13 

~ 
z 

50.3Jk SO.3Jk SO.J3k 50.JJk ~ 

25.1511 25.1Sk 

Gainatdt=+lldB 
Gllnl11 kHz/50DHz= IOdB 

o o 

-6 

-12 

-18 

-24 

-30 

-36 

-42 

-48 

-54 

+6 

-6 

-12 

-18 

-24 

-30 

-36 

-42 

-48 

-54 

0.01 0.1 

FREQUENCY (~H,) 

500/1000 Hz Switchable 
Butterworth Lowpass Filter 

100 

"-
'\.1\. 

I" 

1000 

FREQUENCY (Hz) 

FIGURE 22. Switch.ble Filter Example: 500 Hz/l000 Hz Butterworth Lowpa" 
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lOOk 

8.818k 

150k !50k 

-=-

TEST 

Q 

v. 

11 

AF10DJ 

131214 

HIOk 

150k 150k' 

-= 
EEG Delta Filter 

+6 

-6 

-12 

~ -18 

" -24 

~ -30 / 
-36 

-42 

-48 

-54 
10 100 1000 

FREQUENCY (Hz) 

FIGURE 23. EEG Delta Filter-3 Hz Lowpa .. 

limits and Conditions for Use with Test Circuit 

CONDITION 

'Phase Shift 180" 

Q~~ 
BW 

BW=f 45o"-f,45 

LIMIT 

503.3 Hz ±1% 

20 ±7.5% 

-10 dB ±O.15 dB 

O±O.15dB 

tl0d8±O.15dB 

o ± 0.1 dB 

DC Offset 

Measured at f c 2k load 

Measured at f c 2k load 

Measured at fc 2k load 

Measured at fc 2k load 

Input Level OV ±200 mV max 

Power Supply Current No I nput Signal 

INPUT 

POWER SUPPLY 
CURRENT 
~ 

O.O"'F~ 

10 

D.D1 JJ FT 
10k ":'" v-

100~ 

4.5 mA max 

AMP 
OUT 

AMP 
IN-

FIGURE 24. Device Test Fixture 
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FIGURE 25. Test Circuit Block Diagram 

COMPUTER AIDED DESIGN EXAMPLE* 

This design is an example of a 60 Hz notch filter. The 
response is to have the following specifications: 

Maximum passband ripple 0.1 dB 

Minimum rejection 35 dB 

0.1 dB bandwidth 15 Hz max 

-35 dB bandwidth 1.5 Hz min 

The steps in the design of this filter are: 

1. Design a lowpass "prototype" for the filt~r. 

2. Transformation of the lowpass prototype into a 
notch filter design. 

3. Using the pole and zero locations found in step 
two calculate the value of the resistors required 
to build the filter. 

4. Draw a schematic of filter using values obtained 
in step three. 

*Computer programs shown are user interactive. Unde~lined copy is user input, non-underlined copy is computer response, flnd line 
indications in parenthesis are included for easy identification of data common to several programs. 

PROGRAM NO.1 

THIS PROGRAM DESIGNS BUTTERWORTH CHEBYCHEFF OR ELLIPTIC NORMALIZED 
LOWPASS FILTERS 
WHAT TYPE OF FILTER? B-C-E 

ELLIPTIC 

DO YOU KNOW THE ORDER OF THE FILTER? YIN 
? NO 
INPUT FC,FS,AMAX,AMIN 
? 1, 10 .. 1,35 

FC 1.000 
FS 10.000 
AM AX .100 
AMIN 35.000 
N 2.000 
ATT AT FS -35.671 

IS THIS SATISFACTORY? YIN 
? YES 

F 0 

(ATTENUATION IN dB) 

1.823 (Line 1.1) .775 (Line 1.2) 

Z 
14.12~ (Line 1.3) 
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<C 
PROGRAM NO.2 

(DETERMINES UN-NORMALIZED 

ENTER FREQUENCY SCALING FACTOR 
? 1 

POLE + ZERO LOCATIONS OF FIRST SECTION) 
ENTER THE # OF F I L TERS TO BE DESIGNED 

? 1 
(DATA ENTERED FROM PROGRAM NO.1) ENTER THE C.F. AND BW OF EACH FILTER 

? 60,15 

RUN 

FREQUENCY 

40.000 
45.000 
50.000 
55.000 
56 .. 000 
57.000 
58.000 
58.200 
58.400 
58.600 
58.800 
59.000 
59.200 
59.400 
59.600 
59.800 
60.00· 
60.200 
60.400 

RUN 
WHAT TYPE FILTER BANDPASS OR NOTCH 
? NOTCH 
ENTER # OF POLE PAIRS? 1 

ENTER # OF J'l!I AXIS ZEROS? 1 OUTPUT OF PROGRAM NO.2 

ENTER #OF REAL POLES? .Q 

ENTER #OF ZEROS AT ZERO? Q 

TRANSFORMED POLE/ZERO LOCATIONS 

ENTER #OF COMPLEX ZEROS? Q 

ENTER #OF REAL ZEROS? Q 

FIRST SECTION 

POLE LOCATIONS 
CENTER FREQ. Q 

56.93601 (From Line 2.3) 11.31813 (From Line 2.4) 
ENTER F & Q.OF EACH POLE PAIR, 63.228877 (From Line 2.5) 11.31813 (From Line 2.6) 

? 1.823 .. 775 (FROM LINE 1.1 ANO LINE 1.2) JW AXIS ZEROS 

ENTER VALUES OF JW AXIS ZEROS 
? 14.124 (FROM LINE 1.3) 

59.471339 (From Line 2. 1) 
60.533361 (From Line 22 

NOR. GAIN (DB) PHASE 

.032 347.69 

.060 342.20 

.100' 330.70 
-.795 290.54 

-2.29B 270.61 
-5.813 245.51 

-12.748 220.19 
-14.740 215.54 
-17.032 211.06 
-19.722 206.76 
-22.983 202.61 
-27.1.72 1118.60 
-33.235 194.72 
-46.300 190.94 
-42.909 7.24 
-36.897 3.60 
-35.567 360.00 
-36.887 356.41 
-42.757 352.81 

PROGRAM NO.3 

(CHECK OF FILTER RESPONSE USING 

PROGRAM NO.2 DATA BASE) 

NUMERATOR (ZEROS) 
A(I )SA 2+R(I )S+Z(I)I\ 2 

1 0 59.471339 
1 0 60.533361 

REAL POLE 

COMPLEX POLE PAl RS 

F Q 

(From Line 2. 1) 

(From Line 2.2) 

1 56.93601 11:31813 (From Lines 2.3 and 2.4) 
2 63.228877 11.31813 (From Lines 2.5 and 2.6) 

DELAY NOR. DELAY FREQUENCY NOR. GAIN (DB) 

.. 002275 5.847169 60.600 -47.102 
.004107 8.749738 60.800 -33.650 
.009983 21.268142 61.000 -27.577 
.046620 99.324027 61.200. -23.418 
.063945 136.234562 ,61.400 -20.198 
.072894 155.299278 61.600 -17.554 
.065758 140.096912 61.800 -15.308 
.063369 135.006390 62.000 -13.362 
.060979 129.914831 63.000 --6.557 . 
.058692 . 125.043324 64.000 -2.936 
.056588 120.561087 65.000 -1.215 
.054724 116.589928 66.000 -.463 
.053139 Il3.212012 67.000 -.138 
.051856 110.478482 7.0.000 .091 
.050888 108.417405 75.000 .OS5 
.050242 107.040235 80.000 .060 
.049916 106.346516 85.000 .043' 
.049907 106,326777 90.000 .032 
.050206 106.963750 

lO-1,6e, 

. PHASE. 

169.17 
165.48 
161.72 
157.87 
153.92 
149.85 
145.65 
141.33 
118.23 
95.30 
76.38 
62.43 
52.44 

·35:43 
23.44 
17.80 
14.50 
12.31 

DELAY NOR. DELAY 

.050801 108.2320~1 

.051677 110.096278 

.052809 112.508334 

.054167. 115.403169 

.055712 118.694436 

.057391 122.270086 

.059136 125.989157 

.060869 129.681062 

.065975 140.559984 

.059402 126.556312 

.045424 96.774832 

.032614 69.484716 

.023498 50.062947 

.010452 22.267368 

.004250 9.054574 

.002310 4.921727 

.001460 3.110493 

.001011 2.154297 
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}RUN 

PROGRAM NO.4 

DESIGN OF FIRST SECTION 

WHICH FILTER AF100 -J OR G? 
?1 
WHAT TYPE OF FILTER SECTION? HIGHPASS-BANDPASS-LOWPASS-NOTCH-ALLPASS 
? NOTCH 
INPUT FC AND Q VALUES 
? 56.93601. 11.31 B13 (FROM LINES 2.3 AND 2.4) 
INPUT REAL POLE AND CAPACITOR VALUES IF NONE ENTER 0 
?Q 
INPUT ZERO LOCATION 
? 59.471339 (FROM LINE 2.1) 
ARE TUNING INSTRUCTIONS REQUIRED? 
? YES 

TUNING INSTRUCTION 

PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE lBO DEG. AT 56.93601 HZ. 
IF TUNING IS REQUIRED, RF2 FROM PINS 7 TO 13SHOULD BE ADJUSTED. 
PHASE SHIFT FROM INPUTTO PIN 13SHOULD BE 135 DE(3. AT 59.506798HZ. 
OR 225 DEG. AT 54.476284 HZ. . 
IF TUNING IS REQUIRED RQ FROM 1 OR 2 TO GROUND SHOULD BE ADJUSTED 
GAINATPIN 11 AT 59.471339SHOULDBEOIFNOT 
ADJUST RHP FROM PIN 3 TO 10 FOR NULL 

FC= 56.93601 Q= 11.31813 F(L-3DB} = 54.476284 F(H-;-3DB} = 59.506798 

GAIN AT F}} FC= .OODB 

FUNCTION CONNECTION VALUE OF EXTERNAL 
FROM TO RESISTORS IN OHMS 

R IN INPUT 100000.000 

RO GND 2675.931 

RFl 3 14 883960.996 

RF2 7 13 883960.996 

RLP 5 10 100000.000 

RHP 3 10 10910.418 

RG 10 11 357910.697 

+v 4 

-V 12 

GND 9 

GND 6 

OUTPUT PIN 11 

10.17 , 
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PROGRAM NO.4 

OESIGN OF SECOND SECTION 

WHAT TYPE OF FILTER SECTION? HIGHPASS-BANDPASS-LOWPASS-NOTCH-ALLPASS 
? NOTCH 
INPUT FC AND Q VALUES 
? 63.228877,11.31813 (FROM LINES 2.5AND2.6) 
INPUT REAL POLE AND CAPACITOR VALUES IF NONE ENTER 0 
?Q 

INPUT ZERO LOCATION 
? 60.533361 (FROM LINE 2.2) 
ARE TUNING INSTRUCTIONS REQUIRED? 
? YES 

TUNING INSTRUCTION 

PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE 180 DEG. AT 63.228877 HZ. 
IF TUNING IS REQUIRED RF2 FROM PINS 7 TO 13 SHOULD BE ADJUSTED 
PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE 135 DEG. AT 66.083802 HZ. 
OR 225 DEG. AT 60.497289 HZ. 
I F TUNING IS REQUI RED RQ FROM 1 OR 2 TO GROUND SHOULD BE ADJUSTED 
GAIN AT PIN 11 AT60.533361 SHOULD BE 0 IF NOT 
ADJUST RHP FROM PIN 3 TO 10 FOR NULL 

FC= 63.228877 Q= 11.31813 F <L-3DB > = 60.497289 F <H-3DB> = 66.083802 

GAINATF«FC= .OODB 

FUNCTION CONNECTION VALUE OF EXTERNAL 

FROM TO RESISTORS IN OHMS 

RIN INPUT 100000.000 

RQ GND 2675.931 

RFl 3 14 795984.596 

RF2 7 13 795984.596 

RLP 5 10 100QOO.000 

RHP 3 10 9165.552 

RG 10 11 328044.920 

+V 4 

-V 12 

GND 9 

GND 6 

OUTPUT PIN 11 
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RHP 

RLP 

INPUT 0-..... ,."... .... ""1 

RQ 

RHP 

RLP 

1D 

OUTPUT 

·TURlngRII$ISlors 

0.1 dB bandwidth 15Hz 
-35dBb.ndwldth 1.5Hz 

4th Order 60 Hz Notch Filter 

+10 

-10 

CD -20 

'" z 
~ '-30 

-40 

-50 

-60 

\ r 
\ I 

40 50 60 70 80 90. 

FREQUENCY 1Hz) 

FIGURE 26. Implementation of a 60 Hz Notch From Computer Calculations 

TEST PROCEDURE (Ref. Figure 24) 

Center Frequency 

The center frequency is measured by adjusted the signal 
generator for a 180° phase shift and then reading the 
input frequency·on the counter. 

o 

The 0 is measured by measuring the bandwidth and 
dividing into the center frequency. To measure the band
width, increase the frequency of the signal generator 
until the phase shift reads 180°-45° (135°) and read the 
frequency on the frequency counter. This isf-45°' 
Decrease the frequency of the signal generator until the 
phase meter reads 180° + 45 (225°) and read the fre
quency on the frequency counter. This is f+45o. 

To calculate the 0: 

fo (center frequency) 
O~ 

f-45° - f+ 45o (BW) 

10-19 

Gain 

To measure the gain, set the amplitude of the signal 
generator to 1 V RMS (0 dBV) and set the frequency to 
the center frequency of the filter. Then read the output 
on the ac voltmeter. The output amplitude at h ighpass 
output is -10 dBV ±0.15 dB, which equals 0.316V 
±0.006V RMS. The output amplitude at bandpass 
output is 0 dB\, ±0.15 dB, which equals 1.000\1 
±0.017V RMS. The output amplitude at low pass output 
is +10 dBV ±0.15.dB, which equals 3.16V ±0.06V RMS. 
The output at the amplifier output is 0 dBV ±0.1 dB, 
which equals OV ±0.01 V RMS. 

DC Offset 

The dc offset is measured with the DVM connected to 
the lowpass output by setting the input signal level to 
zero and reading the DVM. 

PS Current 

The power supply current is measured by connecting the 
DVM across a 10n resistor in the positive power supply 
lead with the input level set to zero. The DVM should 
read less than 45 mV. 
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DEFINITION OF TERMS 

Maximum passband peak·to·peak ripple 

Minimum stopband loss 
Frequency of jw axis pair 
Frequency of complex pole pair 
Quality of pole 

Passband edge 
Stopband edge 
Gain from input to highpass output 
Gain from input to bandpass output 
Gain from input to lowpass output 
Gain from input to output of amplifier 
Pole frequency determining resistance 
Zero Frequency determining resistance 
Poie Quality determining resistance 
Frequency above center frequency at which 
the gain -decreases by ~ dB for a bandpass filter 

fL Frequency below center frequency at which 
the gain decreases by 3 dB for a bandpass filter 

BW The bandwidth of a bandpass filter 
N Order of the denominator of a transfer function 
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~ Active Filters 

NAll0NAL 

AF120 generalized impedance converter. GIC 

general description 

The AF 120 contains a pair of operational amplifiers and 
four precision thin film resistors connected as shown 
below. A gyrator may be formed by adding one external 
capacitor; or a frequency dependent negative .resistance 
FDNR may be formed by adding two external capacitors. 
In the gyrator mode, ZIN 0: jWC, which is equivalent to 
a grounded inductor. In the FDNR mode, ZIN 0: - 1/ 
w2 C1 C2. The AF120 may also be used in pairs to form 
ungrounded inductors or inductor networks. Thus, 
with appropriate transformations, the G IC makes 
possible an active realization of any low·frequency 
ladder filter network. The advantage of ladder filters 
being, of course, that they exhibit lower sensitivity 
to component variations than any other type of filter 
realization. Temperature coefficient of the internal 
resistors is equal and opposite in sign to that of poly· 

schematic and connection diagrams 

BOUT R1 
2 3 

v- +SIN R4 
& CASE 

R2 

R' 

• 

AOUT 

7 

1. L 
NC v+ 

styrene capacitors, thus RC products exhibit approxi· 
mately zero TC. 

features 

• Matched internal resistors 7500n ±0.1% 

• Resistor TC = +110 ±30 ppmfC 
• Supply voltage ±5 to ±18V 
• Input impedance 750m2 

applications 

• Gyrator, Z 0: S 
• Frequency dependent negative resistance, Z 0: 1/S2 
• Use in low-frequency active ladder filter networks 

Z1 Z3Z5 
ZIN~--

Z2Z4 

TO·l00 
Metal Can Package 

Order Numbers AF120H, AF120CH 
See Package 10 
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absolute maximum ratings 
Supply Voltage,Vs ±18V 
Power 'Dissipation, T A ~ 25°C 500mW 

Derate 18 mWfC above 60°C 
Operating Temperature, T A 

AF120 -55°C to +125°C 
AF120C -25°C to +85°C 

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

, 

electrical characteristics TA ~ 25°C, Vs ~ ±5 to ±15V, except as noted 

AF120 AF120C 
PARAMETER CONDITIONS . UNITS 

MIN TYP MAX MIN TYP MAX 

IZ,NI Input Impedance 7425 7500 7575 7350 7500 7650 n 
, 

e Phase (['J0te 11 
(Figure I) 

89.5 90 90.5 89 90 91 DEG. 

Vos DC Voltage measured 1 8 1 10 mV 

at Input Terminal 

Rl,R2,R3,R4 7485 7500 7515 7470 7500' 7530 n 
R21R3 0.999 1.000 1.001 0.998 1.00'0' 1.0'02 

TC Resistor Temp. Coeff. 80 110 140 50 110' 170 ppmtC 
, 

Yo· Op Amp Output Voltage Vs= ±15V, RL = 2k ±1O ±13 ±1O ±13 V 

Ise Op Amp Short·Circuit Vs =±15V 20 20 rnA 

Output Current 

Is Supply Current Vs'= ±15V 3 5.6 3 5.6 rnA 

Note 1: 90° indicates that connection actually simulates a pure inductor. 

typical performance characteristics 

Equivalent Inductance vs 
Frequency FDN R Value vs Frequency 

100 

J 
1010 

.j 
10 

Ip~ 
10' 

>: D.l,uF 
RESONANT 

~" ;S 
w I' ID' 
" s: '" ." ~.OtJ.lF '" o.oy .. 
~ 10-1 '" I 10' 

~ 1000,F ~ ." '" 10-2 
100,F- 10' 

10 p~ '" '" ""-10-3 I 
I 10 100 Ik 10k lOOk 1 10 100 lk 10k lOOk 

FREQUENCY (Hl) FREQUENCY (Hz) 

'Equivalent, Land 0 vs Capacitor Maximum Terminal ,Voltage Maximum.Terminal Voltage 
Values vs Frequency vs Frequency 

100 10-7 100 100 

CI ~ C2 / 
FDNR 

W 10'" 10 /1 / I 10 
>: / ::: 1Pi h :'-O.IP, / ~ """\ """.01p F 
;S >< 

I '" 
" 

I 10-'1 1 

I, '/OOIP~ ~ 
I 

II~ 1\ '" / 
.3 

\ .. x ... ~ x' 
~ 10-1 10-13 ~ 10-1 1'0- 1 co .. 

1 '/ Vlooor \ O~PF \ 
> 

!!! / co / 10-2 10- '5 10-2 10-2 

V 
CURVATURE DUE TO I'I/V 1 GYRfTOR STRAY CAPACITANCE 

10-3 10-17 10-;-3 10-3 

10pF 100,F 1000,F O.olpF O.M IpF I 10 loi! Ik 10k lOOk 1 10 100 Ik 10k tOOk 

CAPACITOR VALUE FREQUENCY (Hz) F.REQUENCY (Hz) 
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applications information 

The generalized impedance converter G IC is a versatile 
tool for realization of inductive components in low
sensitivity filters. The drivi ng point impedance is 
Zi(S) = k(s) ZL (s). The input impedance of the AF120 
is 

Zl Z3Z5 

Z2Z4 

which reduces to 

ZlZ5 
Zi =--z2 

(Refer to Figure 2) 

since Z3 = R3, Z4 = R2 and R2 = R3. No more than 
one or two of Z 1, Z2 and Z5 may be external capacitors. 
Internal resistor R4 is available for use as Z5, and 
internal resistor R 1 may be used as either Zl or Z2. 
External resistors of other values may be substituted 
for R 1 or R4 if proper attention is paid to temperature 
coefficients. The TC of internal resistors is +110 

O.02iJF 
0.1% 

C2 

OUT 

VIN:S: lVrms@ 1053 Hz 

FIGURE 1. Test Circuit 

.----------1--..-------02, 
Zi = jwR1 R4C2 
where R 1 = R4 = 7500 
Rl R4 = 5.625 x 107 

R1 

RJ 

R2 

R4 

L 
C2= -

R1R4 

FIGURE 3. Gyrat!>,.lIl1ductive Elementl 
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±30 ppmtC to compensate for the TC of polystyrene 
capacitors. 

The AF120 may be used for the following impedance 
conversions: 

Positive impedance converter (PIC) - k(s) is positive 
and real 

Z2 = Rl, Z5 = R4, k = R4/R1 = +1, 

Zj(w) = Zl (w) (trivial case) 

Positive impedance inverter (PI I) - k(s) is positive 
and real 

Zl = R1, Z5 = R4, k = R1 R4 = (7500)2 

Z;!w) = R1 R4/Z2(w) 

If Z2 is an external capacitor, then Zi (w) 
R 1 R2jwC, and Z;(s) ex (s) 

FIGURE 2. GIC Circuit 
C1 

Zl Z3Z5 

Z2Z4 

But Z3 = R3 
Z4= R2 
R2 = R3 

Z1Z5 
:.Zj""-

Z2 

.--------II------.... ------.,.-<)z, 
-1 

Zi = -w-=2C"R-1-C-1-C-5 

1D 

R1 

.2 C1C5R1 = 0 

.4 

FIGURE 4. FONR (0 Elementl 
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O'1~1000 
------, '1 

I '::" 
I 
I 
I 

'a} Prototype 

RJ 

O.1pF O.1pF 

R2 

lOOO 
R4 

L _______ 4 _________ ..J 

RO = 1 kn 
Ie = 1590 Hz 
we = 104 

L 
C2= -

R1R4 

O,05H 

R1R4 

Note: C2 can be set to a standard value 
by adding resistance in series or parallel 
with R 1 andlor R4. 

{bJ Filter after Frequency and 
I mpedance Transformation 

(e) Gte Active Realization 

FIGURE 5. Third-Order Butterworth Highpass Filter 

Frequency dependent negative resistance (FDNR) 

Z2~ R1, k~ 1/R1 
Zj ~ Zl{w)Z5(w)/R1 

If Zl and Z5 are both external capacitors, then 
Zj ~ -1/Rlw2 Cl C5, and Zj{s) ex -1/s2 

G IC elements are especially useful for active simulation 
of low-sensitivity passive ladder filters. Symmetrically 
terminated ladder filters exhibit an exceptionally low 
sensitivity to changes in network element value; in fact, 
they exhibit the lowest sensitivity of any filter type. 
This means that practical realization of multistage filter 
functions may be achieved with moderate tolerance 
components, and that component sh ifts due to 
temperature variations will have minimal effect on the 
filter transfer function. Additionally, a great deal of 
ladder filter design information exists in handbook form; 
hence the value of the GIC as a network element. 
Several examples are given on the following pages for 
the realization of filters with grounded induc~ors, with 
ungrounded inductors, and with both grounded and 
ungrounded inductors. 

Highpass Filter (with Grounded Inductors) 

Figure 5 shows the development of the' GIC active 
realization of the prototype ladder filter of Figure 5(a). 
The network is first designed with normalized values 
for all components. Next, the component values are 
transformed according to the desired characteristic 
impedance and cutoff frequency of the filter. To trans
form from prototype normalized values where RO ~ 1 
and we ~ 1, 

Multiply all Rand L by RO 1 ( R ~ RO RN 

Divide all C by RO to obtain ~ L ~ RO LN IWe 

Divide all Land C by we ~ C ~ CNlRpwc 

where N subscripts indicate original normalized values. 

low pass Filter (with Ungrounded Inductors) 

Since the simple GIC realization of an inductor results 
only in a grounded inductor, a network transformation 
is necessary in order to use the G IC in a lowpass filter. 
Figure 6 shows the frequency and impedance transfor
mation of the prototype lowpass filter, followed by a' 
lIs impedance transformation. When this lIs transfor
mation is made, the performance of the filter is 
unchanged, therefore the transformation is valid. The 
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applications information (con't) 
resultant circuit shown in Figure 6(c) allows the 
realization of the prototype ungrounded inductor 
circuit with a grounded D element (FDNR). To make 
the lis transformation, each impedance is multiplied 
by 1 Is so that 

each R is replaced by a C = 1/weR, 

each L is replaced by an R = we L, and 

each C is replaced by a D = Clwe. 

Examination of the GIC realization of an FDNR in 
Figure 4 will reveal that a resistive path from F DN R 
terminal 10 must exist to ground in order to supply 
bias current to the internal amplifiers. The circuit of 
Figure 6(c) is, therefore, incomplete as no resistive path 
exists from D element to ground. If a large R were 
shunted across D, that R would appear in Figure 6(b) 

(al Prototype 

(c) Filter after 1/s Transformation 

", 
20k 

1!J00 

--------
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ______ _ 

as an inductor across the C. The solution is to place 
large R's across the C's in Figure 6(c) which appear as 
large inductors across RO of Figure 6(b), and thus do 
not significantly affect the transfer function except 
near W = O. The resultant network appears in Figure 6(d). 
The transfer fun~tion at W = 0 is T(O) = 0.5, therefore 
resistors RA and Rs must be chosen to affect this value. 
Then T(O) = 0.5 = Rs/(R A + Rs + 2RO). 

The GIC realization of the lowpass filter, complete 
with low·frequency compensation appears in Figure 
6(e). Note again, that Cl and C5 can be varied or can 
be unequal just so long as Cl C5R 1 = D. Also note 
that in the final transformation of Figure 6(c) 

D = CN/we 2RO 

R = ROLN 

C = l/weRORN 

100mH lODmH 

1000 

(b) Filter after Frequency and 
I mpedance Transformation 

RO RO 
, 1000 1000 

(d) Final Circuit with Low-Frequency 
Compensation 

1000 

RO = 1 k!1 
fe = 1590 Hz 
we = 104 

RA, RS »RO 
RS = RA + 2RO 

C5 TOoO!i16PF 

o 
C1C5= -

R1 

(e). Active Realization 

FIGURE 6. Third·Order Butt.~rth Lowpa .. Filter 
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applications infonnation (con't) 

GIC Embedding 

Ungrounded inductors may be simulated by embedding 
an ungrounded resistor between two G IC's as shown in 
Figure 7(a). Actually, the embedded element may be 
any 2 or 3·terminal network and the GIC may be given 
any of its realizable impedance transformations Z(s). 
Z(S-2), Z(S-l) or Z(S2)*. 

Bandpass Filter (with Grounded and Ungrounded 
Inductors) 

Direct RC active simulation of this filter requires the 
use of GIC embedding techniques (as described above) 
because there is no transformation which will eliminate 
all ungrounded L or D elements. Figure 8 shows the 
step·by·step realization of a 6·pole Butterworth band
pass filter. 

The filter circuit of Figure 8(c) constructed with AF120 
and with Rand C values shown performed as indicated 

*Z{s2) is not realizable with the AF120. 

o 
Z" R1AdwC2 

(a) ,Ungrounded Inductor 

11 l3 

in the plot of Figure 9. Note that the band center and 
cutoff frequencies occur at the design points as indi
cated by the phase measurements at O~C and ±135°C. 

The circuit of Figure 8lc) is simplified with a shorthand 
notation for the GIC's. This shorthand circuit is equiva
lent to the GIC as shown in Figure 10. 

The final circuit for the bandpass filter of Figure 8 
contains six capacitors, one for each pole of the 6·pole 
network. This circuit then contains a minimum number 
of reactive elements to satisfy the prototype design. 
A dc path to ground exists for all G IC elements in this 
design so no additional resistors are needed for dc 
compensation. Note also that even though one and 
two percent components have been used throughout 
the circuit and the Co Cc product is in error by 3%, 
performance is as designed. It should be clear from this 
exercise that ladder networks' of virtually any com
plexity may be realized using the AF120 GIC circuit. 

11 l3 

(b) Grounded T Network 

(c). G IC Re.lization of Complex T Network 

FIGURE 7. GIC Realization of Ungrounded Inductors ~nd T Networks 
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applications information (con't) 

(.1 Prototype 

O.11881JF 
1% 

F'00 
1% r 

I 

11 L3 

RO~ 1100n 
fa ~ 1218 Hz 
fL ~ 752.8 Hz 
fH ~ 1970.8 Hz 

1100 

(b) Filter after RO and wO Transformations 

, 

r 
I 
L 

r 
I 
I 

5~~~ L ~ 
1% 

R" 
2800 
1% 

(c) Gle Realization 

O.1188pF 
1% 

1"00 -, 1% 

I 
I -::
I 
I 
I 
I 
I 
I 
I 

L1 

7500 RLl 

L3 

~ 3420 pF 

I 
I 
I 
I 
I 

R L3 ~ --- ~ 5600n 
7500 CA 

__ oJ 

L2 
R L2 ~ --- ~ 2800n 

7500 CA 

FIGURE 8. 6·Pole Butterworth Bandpass Filter 

135 

~10 1v 90 

~20 

~ 
~30 z 

~ 
~40 

\ ¢ 

45 ~ 

~ 

~45 i 
'" 

~50 -90 

-60 J -135 
100 1000 10k lOOk 

FREOUENCY (Hz) 

FIGURE 9. Gain and Phase Transfer functions of the Filter of Figure 8(c). 
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(0) GIC (b) Shorthand Circuit 

FIGURE 10. Development of GIC Shorthand Circuit 

10-28 

RI OR Cl (EXT.! 

RI OR C2(EXT.) 

RJ 

R2 

R40R C5(EXT.) 

(c) Short Circuit for AF120 



~ 
PRELIMINARY DATA 

NAnONAL 

AD1200 low cost 12-bit AID converter building block 
general description features 

• Low cost The AD1200 is a 12-bit binary analog building block 
designed for use with a successive approximation register 
to build a fast AID converter. I t includes 12 precision 
current sources and switches, precision laser-trimmed 
thin film ladder network, precision reference, and high 
speed FET comparator. The AD1200 is specifically 
tailored to match the DM2502/DM2503/DM2504 or 
M M 54C905/M M7 4C905_ 

• Internal reference and FET comparator 

• TTL, DTL, CMOS logic levels 

• Standard power supplies ±15V,+5V 

The AD1200 comes in a 24-pin plastic DIP and 
24-pin metal DIP. The AD1200A and AD1200C have 
0.01% ±1/2 LSB accuracy; the AD1200B and AD1200D 
have 0.05% ± 1 12 LSB accuracy. 

key specifications 
• Resolution 12 bits 

0_01% ±1/2 LSB • Accuracy 

• Conversion speed 

block and connection diagrams 

" REF 

R13 
'Ok 

INPUT 

GAIN 
ADJUST 
13 

REF LSB MSS 
COMP 212 2-11 2- 10 2 -9 2- 8 2- 7 2 6 2--'3 2--4 2-3 2.2 2-1 

IS 

" 10.24V REF 
OUJPUT 

I ANL 
AND 
DIG 
GNO 

24 

-
-

1 

ANL 
v-

SUP 

R14 
12k 

ANL 
v' 

SUP 
-15V +15V 

23 22 

2 J 

Dual-I n-Line Package 

OFF 
REF LOG AOJ 
OUT SUP COMP AND IN 
10V '5V OUT COMP 8 

" 2. 19 18 17 

• 5 6 7 8 

+l!iV 

IN REF 
A COMP 

16 15 

9 10 

23 
-HiV 

REF REF 
IN NODE 

I. 13 

~ 

-

11 12 

212211 2'0 29 28 27 26 25 24 23 22 2' 

LSB ," MSB 
\' ,,?.... TOP VIEW 

11-1 

R16 
10k 

17) INPUTS 
16 

'---'VVIr--~ 

R17 
10k 

18 OFFSET ... --------0 A~J. & COMP 

19 COMPARATOR 
OUTPUT 

22 
+------0 '15V 

20 
... 4,.-----__<0'sv 

GNO 

» 
o 
...a 
N 
o 
o 
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typical application 

ANAlOO ~~~~~ ~ 
-1010+10 

1D,ODOV:J 
BUFFERED 

REFERENCE 

+5V 

lk 

OUTPUT 

A0120D 

OUTPUT &...,,......,,.....,......, ...... 

1t-4.-1 

PARALLEL DATA OUTPUT 

DM2504 
OR 

MM54C9D5 

f+-- CLOCK 

f+-- START 

L---..... CONVERSION 
~COMPLETE 

L---..... SERIAL DATA r-----..- OUTPUT 

12·Bit Successive Approximation A to 0 

physical dimensions 

r- 0.795 I 1,--·0.002---

R 
Ir= 1.370 ri .. 

·0.002 0.186 
'0.005 

,J 1 
'~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~1 

~-O.600------j 1--0.100 -II--005601A 

Metal Dual-In-Line Package (0) 

--.-
I 

0.570 

~IWm'~W~r,w,nwr,.T. w,rwm,~w~r.w.nw~,T~~,,~,~,~,-1 
! _________ 1.270 ---.~ 

~~ 
1l.125 

Cavity Plastic Dual-I n-Line Package (N) 
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NAnONAL 

AD1210 12-bit CMOS AID converter 
general description 

The AD1210 is a low power 12-bit successive approxi
mation analog-to-digital converter. Included within the 
device are the successive approximation logic, analog 
switches, precision laser trimmed thin film R-2R ladder 
network and FET input comparator. The AD1210 will 
operate over a wide supply range, convert bipolar or 
unipolar signals, and operate in start-stop or continuous 
conversion modes. The binary outputs are directly com
patible with CMOS logic levels. The only active external 
component required is the reference. 

The AD1210 is available in 24-pin plastic DIP or 24-pin 
metal DIP. 

features 

• Wide supply range 3V to 15V 

• Single reference voltage 

block and connection diagrams 

I 
I 

v']'" 
----2t--

I 
I 

CLOCK PULSE O--::c,,+---I c, 
D/A AND SAR lOGIC START o-":,:431--~l 

CONVERSION 0-..,;.;----11"" 
COMPLETE 141, LS-' r-",,~~-r'"T""T""T""'-MJSB 

PRELIMINARY DATA: JAN 1976 

• CMOS compatible 

• Low power consumption 

• Single supply operation for single polarity voltages 

• I nternal comparator 

• Provision for truncation 

• Start/stop or continuous conversion 

• High analog input impedance 

key specifications 

• Resolution 

• Linearity 

• Clock rate 

• Conversion rate 

• Power consumption 

12 bits 

±1/2 LSB 

up to 500 kHz 

20 kHz 

75 mW@+15V 

-------, 

2R 2R 

I 
I 

i'-- I 
r-""'1~-1-~ COMPARATOR 0 I 

V I 2R 2R 

2l 

~fl -1' 2. 3 4 1;- 6 7 , 9 10 11 t;;- - - -t;; -I;; -I;; - '6 - 15 - - iO - .J 
2'~"-~~~O~IG~'T-Al--~~2' 

OUTPUTS 

Dual-I n-Line Package 

2R 2R 2R 
TO TO TO 

CP v' 'NO v- -IN -IN "N "N 

" 23 22 21 20 19 18 17 16 

(lSB) 
2 12 2 11 2 10 2 ~ 2 8 2 7 2 G 2 5 2. <\ 

TOP VIEW 
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typical applications 

co 
15V" n 5 
:!J W '-cP 

Anllol'llputRange: OVlo IOV 

I 
I 

LSO 

Output: Bmary (O-15V CMOS Gomp;ltlble) 

) 

t15V 

+~ 
22 
V·~~-:----------- --, 

MSO 

ANALOG 
INPUT 
O-IOV 

I 
I 

~ ________________ -1"~:_.~"~ 

Anllog Input Range: -5V to t5V 

r
I 

LSO 

L 
~1 

Output: Offset Binary (Q-5V CMOS ~ompatiblel 

physical dimensions 

Metal Dual-In-Line Package (D) 

22 --------, 

MSO 
2R 

12 

11·4 

15 

ANALOG 
INPUT 

I 
I 
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PRELIMINARY DATA: JAN 1976 

NAll0NAL 

DA12.00 series digital to analog converter 
general description 
The DA 1200 series of digital-to-analog converters are 
a family of precision, low cost, converter building 
blocks intended to fulfill a wide range of both industrial 
and military D to A applications. These devices are 
complete functional blocks and require only the appli· 
cation of power supply voltages for operation. The design 
combines precision weighted current switches with an 
ultra-stable, very low drift, thin film resistor network. 
A precision 10.240V buffered reference voltage is 
included in the package. Input coding options include 
binary and BCD formats. Theoutput may be programmed 
for OV to 10.2375V operation, -10.000V to +10.235V 
operation, or current mode 0 to 2 mA operation. 

• Fast settling time 5/ls voltage mode 

features 

• Standard power supplies 

• TTL, DTL, CMOS compatible inputs 

• Internal 10.240V precision reference 

• Extendable to 14, 16 bits 

• 1/2 LSB linerarity 

applications 
• CRT displays 

±15V,+5V 

• Standard dual width 24 lead DIP (circuitry completely 
self·contained) • Programmable power supplies 

• Both current and voltage mode outputs • High speed data acquisition systems 

block diagram 

14 

Al' SDk 

REF 
INPUT 

GAIN 
ADJUST 

connection diagram 

LSB MSB 
2·'2 2-11 2. 10 2-9 z--a 2- 7 2. 6 2--5 2-1. 2-3 2--~ £' 

11 

10.24v REF 
OUTPUT 

Dual-In-Line Package 
ANl ANl ANl OFF 
ANO V- v+ Ref lOG ADJ 

" -15V 

OIG SUP SUP OUT SUP COMP AND IN IN REF REF REF 
GND -15V +lSV lOV +5V OUT COMP B p., COMP IN NODE 

14 " 22 11 20 19 18 17 16 15 14 " 

t-
o r-

1 2 , 4 5 6 7 . 9 10 11 12 

2- 12 2. II 2. 10 2. s 2 a 2. 7 26 2. 1) 2. ~ 2 3 2 2 2. 1 

LSB MSB 
TOPVIEW 
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PRELIMINARY DATA 

NAll0NAL 

DM7700/DM8700 one chip 2 1I2-digit panel meter 

general description 

The DM7700 contains the complete circuitry required 
to implement a 2-1/2 digit panel meter. I ncluded are an 
input amplifier, temperature compensated reference, 
on-chip clock, counting and control logic, display multi
plex circuitry and LED digit and current controlled 
segment plus decimal point·drivers. The DM7700 employs 
a V -F conversion technique with counters and decode 
logic. Automatic polarity and overrange indication are 
provided. 

The DM7700 is specified over -20°C to +95°C; the 
DM8700 is specified over O°C to +50°C. The DM8700 is 
available in 24-pin Epoxy B and cavity DIPs;the DM7700 
is available in 24'pin cavity DIP. 

block diagram 

I 
I 

I .E:b:: I -lV . J rr: 
l-b--r--r--ii~ 

+5V -15V ANALOG !lIGITAl DECIMAL 7·SEGMENT 
GNO GNU iNPUT PLUS DECIMAL 

OUTPUT 

typical application 

Vee ...-------------------, 

V" ...---~""''''"----_I I" 
A" 

V REF 

SCALE 
ADJUST SCALE 

ADJ 

ANALOG 
GND 

RflEF 

CREF 

DM77011 
ZERO 
ADJ 

C" 

DPA ...----------...., DPA DP 

DPS .-------------1 DPB D2 

C"''lUX D1 

DIG 
GND D3 

BvpaSSillisupphes 

features 

• Complete circuitry 

• I nternal reference 

• Direct LED drive 

• Auto polarity and .overrange 

• Standard supplies +5V, -15V, GND 

key specifications 

• Analog r.ange 

• Input impedance 

• Conversion time 

• Accuracy 

connection diagram 
Dual-I n-line Package 

Vee A 

f" 13 12 11 20 19 18 17 

r-

1 2 J 4 5 6 , 8 

±1.99V 

500 kQ 

1 second 

±1% 

DIGIT ,.---....-..., 
DP 2 1 J 

" 15 14 1J 

-

9 " 11 Tz 
lEE ANlG CREF AfH'F VREf SCALE ZERO C'N OPA DPS C..,ux DIG 

GNO ADJ ADJ GND 

TOP VIEW 

display patterns 

V" DISPLAY 

-lODV - · · · -2.0nV - · · · -1.99V -/0 n n 
-/0 -/0 

NSN33 -O.n05V n n 
-oL/oL/o j ""., POINT 

Q,n05V nn 
oL/oLJo 

LOCATION 
PROGRAMMED 

1.99V I n CI 
10/0 10 

l.nnV · · · 2.99V · · · 
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physical dimensions 

I D.59D -I I 

Fir~~ O.OOB ~ 
0.012 

�----.~:~~~---I 

f----~O.625 :~:~~:--I ' 

o.on 
RAD~ 

~ 1.Z90 ---i 0.&00 

j fii1 I: -:-~gMA~B-'-' -;'-,~~.-;n 'iG~::' 

0.515 

~~~j5 

Cavity Dual-In-Line Package (J) 
Order Number DM7700J or 

DM8700J 
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RAD 

,,'I 

1 
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~~~j5 
~ TVP '0.005 

D.D75 . L ~". 
~ ~ ------!- ~~. 

1
_0.1175 __ 1 1_ 0.10°----11_ 0.018 0.125 

+[1.015 ITYP I!O.003 MIN 

Molded Dual-In-Line Package (N) 
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PRELIMINARY DATA: JAN 1976 

NAnONAL 

lF11300 dual slope AID analog building block 
MM5330 BCD dual slope AID digital building block 
MM5863 12-bit binary dual slope AID digital building block 

general description 

LFl1300 
The L F 11300 is the analog front end for a dual slope 
AID converter. It is designed for use with either the 
MM5330 BCD digital building block or the MM5863 
12·bit binary digital building block. The LFl1300 pro· 
vides a high impedance FET input, handles ± 1 OV analog 
inputs with polarity indications and has automatic offset 
correction. 

MM5330 

features 

LFl1300 
•. Auto zero and auto polarity 

• FET input 

• ± 1 OV analog range 

• Clock rate (fc) 

.' Conversion rate 

• Ratiometric inputs 

• ±15V, +5V supplies 

• 0.02% ±1 LSB accuracy 

>100 MQ impedance 

1 kHz to 500 kHz 

1O,900/fc 

The MM5330 provides multiplexed 4·1/2 digit BCD 
outputs, digit selects, polarity indicator, and overrange 
indication. It is used for 2·112, 3·1/2, or 4·112 digit 
panel meters. The L F 11300 may be used as the analog 
front end or a discrete implementation may; be used. 

• No zero or full.scale adjustments 

MM5863 
The MM5863 provides a 12·bit parallel TRI·STATE@ 
binary output or a 12·bit serial output. Overrange and 
polarity indication are also provided. A set of latches 
insures valid digital data. at all times. Thus a practical 
low cost, accurate, 12·bit converter for use with micro· 
processors can be constructed, even though conversion 
speed is 20 ~s. 

block diagram 

MM5330 

• 4·1/2 digit BCD output 

• Overrange indicator 

• Polarity indicator 

MM5863 
• 12·bit binary output 

• Parallel or serial 

• . TR I·STATE® output 

• Polarity indicator 

• Overrange indicator 
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typical applications 
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typical applications (con't) 

OHMS 

.,v 

0-199 99k~, 
TERMINALS 

NSN73 

12k 
5% 

NSN11 

+15V 

10k r ..... -'\M,-O .,v 

10k 
.-----'IN.----o .,v 

4.7M 

'-J---I--1H"O~ 
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RESET 
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I ~O!! 

.,v 
NSN71 NSN71 NSN71 OM7446 
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MM5330 Discrete DPM Application 
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LM11340 quad current switch 

general description 

PRELIMINARY DATA 

features 
• TTL and CMO!, compatible 

<. 

• Wide power supply range 

• Low logic input currents 

The LM 11340 is a high speed quad current switch for· 
use in D/ A conversion. It consists of four binary weighted 
current switches and an LSB reference transistor. The 
switch current magnitudes are set by an external voltage 
source and precision resistors. The four switch currents 
are summed to produce a single output proportional to 
the binary code at the switch inputs. 

• Power dissipation unaffected by bit patterns 

The referen~e transistor is used with external circuitry 
to compensate for Beta and VBE variation due to 
temperature. 

The LMl1340 is TTL compatible. The LMl1340 logic 
levels are referenced to ground and are independent of 
any baseline voltage changes. 

The LM11340 also contains an extra baseline diode 
which prevents system latch·up when driving the base· 
line with an op amp. 

The LMl1340 comes in ·Epoxy B DIPs and cavityDIPs. 

connection and block diagrams 

• I sothermal layout 

• No system latch·up 

key specifications 
• 12·bit accuracy and linearity 

• 100 ns settling time to 12·bit 

LMl1340 

Dual-In-Line Package 

VIiIAilE 

v' BIT·' 8IT-Z BIf.3 UfII£ 

10 

LSD 2 3 22 MSB V- GND FDBK REF 
Z- 2' DIODE OUT 

INPUT 
TOP VIEW 

LM11340 Equivalent Circuit 
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typical application 

3.3k 

FUllSCAlE 
ADJUST 

DIGITAL INPUT 

Temperature Compensated 12·8it D/A Converter 

physical dimensions 

0.029 003) 
-· .... '0.010 0,050 

~ 0310 _ nl M", '''''' 
IDHlIT 

-- ~:~~: 
0100 

-o.mo 
0,015 
Q.019--n--

0125 

'" 
Cavity Dual-In-Line Package (0) 

I-.O.300_j 0,030 

PI!, ':",~i' 
, , 

0.009 

I i 0.015 

.. tI.02~ I 
.-:0.325 _0.015-1 

°T~r! i"~-. o,m 

~'C""5'"," M" '"f-~-]=4 
I-J 
I , ~ I !I 0.125 

0,0)5 I 0.1001 __ ~' 0,018 MIN 
±0.015-1 r- TYPr- ,r-. .0,003 

Molded Dual-In-Line Package IN) 
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10k 
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~ 
NAnONAL 

!I.730 
MAX 

GLASS 

0.280 
MAX 

,-

t '·"'] "" I 
MAX PlNNO.'~. ~.~;. 

IOENT-- . I I 
-\ -

-- ~.~~~ I - ". --o.~~ R. ~-~o.01. 
I ,I! I 0.125 

I 0325 +0.025 I 0.050_ J-- -1101 001 _11_0.015 MIN ~. -0,0151 <0.010 I '0:0101-- 0.019 
- ---~----------

Note: Devices in this package may be 
supplied in Package 1 A. 

Package 1 

14 Lead Cavity DIP (D) 

F1- "...:~I="'."~:",~~=:: =='="===~I=:l-"l-~: T IOENT V ~ 

--- ~:~~~ 

~O.325 ~~:~~~~ i~:~~~ _~ ~ ~~::~~ ~~~5 

I 0.020 f-- 0.(140 

Note: Devices in this package may be 
supplied in Package 2A. 

Package 2 

16 Lead Cavity DIP (D) 

Package 3 

If'·''' MAX 

0.004 
0.006 

I 0.020 f- O,040 
'"5 II 0.ll19---Jf--

Package 4 

Physical Dimensions 
(All dimensions are in inches.) 

---'O.II!jQ---

I •• I 

~i:::::J+ 

Package 1 A 

~i::::::] 
1 2 1 4 , 6 1 B 

_i~5: - "85 
. 

'0.0(190.035 ==L!0 
~ 
------.l 

_I L.", _11_··,,· 
±O.O(}5 TYP 

Package 2A 

I 0.020 
~'O.040 

0115jl-
0.019 

Package 5 
10 Lead Flat Package (F) 14 Lead Flat Package (F) 16 Lead Flat Package (F) 
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"tI 
-:r 
< 
!II 
(") 
II) 

c 
3 
CD 
:::l 
!II 

o 
:::l 
!II 



en 
c 
o 
en 
C 
Q) 

E 
Q 

(II 
(,) 

en 
> .c 

11. 

,---~r'.5"DIAREF-1 . 
0.110 
MAX t 
t- . =-= 

0.500 • fI.J22 

LJ~ ~ ~~ 0030 

--11- LEADS 0.011 OtA 

O.0600IATVP 

Package 6 
12 Lead TO-8 Metal Can (G) 

·0.230 FOR HYBRIDS 

0.210 
"UtEPT ii:"i65 FOR tHOll24.lH0044 

• .... STANDOFF NOT INCLUDED ON HYBRIDS. 

Package 9 

S Lead TO-5 Metal Can (H) 

Package 7 
12 Lead TO-S Metal Can (G) 

(AH2114/AH2114C only) 

36 EOUAll Y -____ 

SPACED 

Package 10 

10 Lead TO-5 Metal Can (H) 

(Low Profile) 

12-2 

~:~~:~ 1-'."'.., I 0.195_ I 

SEAl'lNGPLANE Q. J,o 
~ I 1 0.210 

- ~I~ 
o OD~ 

~:~i:---J~ 0.500 
MIN 

Package 8 

4 Lead TO-72 Metal Can (H) 

r--- c f,l--* I. 1 __ I 
I
I f--. - ~-----I 

L---...gIISEENDTEI 
~r- -t 
.022 .560 

"" on n 0 00_1 
~-II----
.1116 

f----.-:ill~ 
I .225 ..j 
I _:.!!1§ 

.1125 

I 

Dimension is 0.155/0.185 fill all pfodu£ts exc~'pl as 
fallows: n.l6n/II.29B for lHOOOtH/LH0001CH, LH0003! 
tHOO!l3CH, Hlld LHODll4flH0004CH; 0.240/0.260 for 
LH(}005AH/LH0005H/lH0005CH; 0.180/0.210 for 
MH0001H/MHOD07CH 

Package 11 

10 Lead TO-5 Metal Can (H) 



I 

0890 

I-:;;;;~I 

Package 12 

8 Lead Cavity Package (J) 

rO.a1~,~AXl 

~:~:~ ~ I~ t' TSEATINGPlANE 

___ 0.085 

0.220 II 0.100 
0.2811 ---j r-0.040 TVP 

Package 14 

8 Lead TO-3 Metal Can (K) 

PIN NO.1 IOENT-...... 0.250 

bf.~7F~r.T~~-:r' 

I 0.300 ........-.l .. 0.~30 1 0.320 MAX 

b~~ 
f --\\-- ~:~~~ 
1_0.325+0.025 I . 

~O.OI5-r 

Packag~ 16 
10 Lead Molded DIP (III) 

r----~~~~---l_f ~~: 
I ri4l rill liT 11 lU g; m I GLASS 

0.025 

RAD~ 0.280 
MAX 

'-r,-,..,.."..,..".,.:-r-r,-""..,.,.,.-J~ 

bo.'''~ 0.320 

~
.160 

GLASS 0.060 -j L--
SEAlANT\ -0.005- I ! - 0.200 

rw;@11~~h MAX 

0.OO8·~ 
0.012 

~_0385-J. 
~O.025 

I I I II 0.115 
~~: -J ~ O.IO~---j If-_ --jf-:0.!118 MIN 

BOTH ENOS I ,0.010 to.nU2 

Package 13 

14 Lead Cavity DIP (JI 

rr
--O.300 -----i 11.030 

0.320 I MAX 

rrc::t-4 
f --\\-- ~:~~: 
I 11325+0.025_11 f-. -0.015 

~
0.040--I 
TVP I 0.130 

L. -- ~' 
0.065 ~ 

'I =n;o 
J 1 1 'L 0.115 MIN 

t~:~~~ T l---l ±~:~~~ MIN 

__ .11.1110 
, TVP 

Package 15 

8 Lead Molded Mini DIP (III) 

i-~, {J.3DO __ I {I,030 

PI: 0:10 ~X 
(lao!! 

I '0.015 

~_O,325111025j 
-O,DIS' 
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0.040 
TVP -1 r- 0.130 

L~4'. (065 ~ '-I _. -
I 0.020 
ii' ----T1 , , . 'L 0.125 

0.075 ___ : I! _--j _ 0.018 MIN 
:,:0.015 110.100 '0.003 

~ TYP 

Package 17 

14 Lead Molded DIP (III) 
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3 
CD 
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to.D05 
r---l3OO--j ~t 
Ir''''' '1,~x 
hL:lF .... 
U ~ao15 

~ ... ~~: '.13' . =rJ.'2D - MIN 

'T-J =r'. 
I 325+ft.D25! ~ ... Uts--l 

0.015 I ,I, 'I II 0.018 °M'I~5 
t;O.o15 t-- --frY~ ---11--±fI.DOl 

Package 18 
16 Le~ Molded DIP (N) 

,O' ... D:~ 

Package 20 
Molded Dual-In-Line Package (N) 

0.025 
'AO 

0.785 0.300 
r-------- MAX---------' MAX 
IliiiIfiill'iiIl'i3 li1tii1IiilIilI-fGlASS 

0200 

~.nr.,rr.,rr..OT.u;~.",rr.r. ~ 

Package 22 

0.200 

~ l-- --J l- 0.011 0 125 0 010 
-11.001 MIN 

16 Lead Cavity Dual-In-Line Package (J) 

·Package 19 
Metal Can Package (H) 

'-- t~' 1- TYP 

~ -i '. Q1DO 

. I 

[[]]".'" "~~"".'''': .... " 0 lOUT 

I I 

oUt Di'liD 
IIII\~ MAX 

I I 
, ~ , • I I , I I It " 11 

~JT -.J l.- ILIIO ---1 l-- GlIIII __ Jl._ .. ,,- ala 
.0,011 I' ,"'0 .DIIl MUll 

Package 21 
24 Lead Cavity Dual-In-Line Package (D) 

0.025 
RAO 

Package 23 

24 Lead Cavity Du~I-ln·Line Package (J) 



: 0.B211 
'1--------- MAX --

r 
I 

O.6aOMAX 

i 
I 
I 

'. 

D060MIN 

t~:~~~ --j 0.075 

1-0 .178-.,1 009' 
SEATING i I 0.195 II ·t 

PLANE lI=:JJr Luu-u-
000 ~T 

0012_11-- 0500 
a.ou MIN 

~~~i 
.22R 

I 
~ ___ ~'-~~1r--·~ 

1 

r !-i---O-"-O-MA-x--,-Il-:-o +" 
1- 0500 '~~~~ 

409 
MIN 

I 

~j -~ 

Package 24 
Ceramic Dual-In-Line Package (J) 

0.B70 
MAX 

Package 25 
TO-46 Metal Can Package (H) 

Thermal Shield 
(TO-46 Package Inside) 

All units shipped with thermal shield. 

0.910 1 

'-=--""-1""-'""'''-=-=-=1"''-''' -""'1~ --I 

PIN NO.1 IOENT ~~ 0.250 
to.ODS 

PIN NO.1 
tDENT 

1 
0.295 
MAX 

i--O,325 :~:~~~ __ I 

~T,T'T:1'T.rr;"'T"i~r,r~-.l. 

mmffl """ 1~,]0.005 
iUi6s- 1 

'--1 =r--' I 0,020 
~ MIN 

0.025 __ 1 ____ I 1 __ 0.100 ---11- 0.018 0.125 
to.OlS I TYP ,to.DB3 MIN 

Package 26 
lB-Lead Molded DIP (N) 

'r.-rr;r\-;,-..."".;:r-r;:r---r,M-.-n;;T -~ 

1I.05~_1 0.165 

Fa ~+-r~i: 0008 i...=F-r 
0.012; _+ 

1--.-.-0.30° __ 1 0.050 __ 1 1__ 0.100 __ 1! __ O.015.JI ____ 0.125 
I REF i to.01D I I ±1l.01D I 0.020 I MIN 

Package 27 
l8-Lead Cavity.OIP (D) 

INCHES TO MILLIMETERS CONVERSION TABLE 

INCHES MM INCHES MM INCHES MM 

.001 .0254 .010 .254 .100 2.54 

.002 .0508 .020 .508 .200 5.08 

.003 .0762 .030 .762 .300 7.62 

.004 .1016 .040 1.016 AOO 10.16 

.005 .1270 .050 1.270 .500 12.70 

.006 .1524 .060 1.524 .600 15.24 

.007 .1778 .070 1.778 .700 17.78 

.008 .2032 .080 2.032 .800 20.32 

.009 .2286 .090 2.286 .900 22.86 
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~ 
Miscellaneous, Hardware 

NAnONAL 

Following is a partial .list of sockets and heat dissipators for use wi'th various packages shown in 
this catalog. National 'assumes no responsibility for their quality or availability. 

8-Lead TO-3 Hardware 
SOCKETS 

24-Pin DIP 
SOCKETS 

Keystone 4626 or 4627 
Robinson Nugent 0002011 
Azimuth 6028 (test socket) 

HEAT SINKS 
Thermalloy 2266B (35°C/W) 
IERC LAIC3B4CB 
IERC HP1-T03-33CB (7°C/W) 

MICA WASHERS 
Keystone 4658 . 

12-Lead TO-8 Hardware 

Amphenol/Barnes 821-40012-244 
Robinson Nugent IC 246-S1 or S2 

SOCKETS, . 
. {641-30031-121} 

AmphenoliBarnes 641-01061-121' (test socket) 

Robinson Nugent MP12100S or W 
Textool 212-100-323 

HEAT SINKS 
Thermalloy 2240A (33°C/W) 
Wakefield 215CB (30°C/W) 
IERC UP-T08-48CB (15°C/W) 

. Amphenol/Barnes 
2875 S. 25th Ave. 
Broadview, Il60153 

Azimuth Electronics 
2377 S. EI Camino Real 
San CI~mente, CA 92672 

IERC 
135 W. Magnolia BI. 
Burbank, CA 91502 

Keystone Electronics Corp. 
49 Bleecker St. 
New York, NY 10012 
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Robinson Nugest Inc . 
800 E. 8th St. 

. New Albany, IN 47150 

Thllrmalloy 
P.O~ Box 34829 
Dallas, TX 75234 

Wakefield Engineering Inc. 
Wakefield, MA 01880 . 




